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Abstract: Background: Low back pain is considered a public health problem internationally. Low 

back pain is a cause of disability that occurs in adolescents and causes negative effects in adults as 

well. The work environment and physical and psychosocial factors can influence the occurrence and 

evolution of low back pain. Methods: The purpose of this paper is to highlight the physiological 

and functional changes in young adults with painful conditions of the lumbar spine, after using 

exercise therapy. The study was of the longitudinal type and was carried out over a period 6 months 

in an outpatient setting. The rehabilitation treatment included electrotherapeutic modalities and 

kinesitherapy. Results: The results obtained when evaluating each parameter, for all moments, show 

statistically significant values in both groups. The results obtained regarding the relationship between 

the therapeutic modalities specific to rehabilitation medicine and low back pain are consistent with 

those reported in studies. Conclusions: Depending on the clinical-functional status of each patient, 

kinesitherapy can accelerate the heart rate and increase the blood pressure and oxygen saturation of 

the arterial blood, values that can later return to their initial levels, especially through training. 
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1. Introduction 

Low back pain (LBP) is considered a public health problem internationally. LBP affects 

70–85% of the population and accounts for 2.3% of physician visits, being the most common 

part of the body that presents with pain [1]. LBP is the most common musculoskeletal 

disorder [2,3] affecting people of all ages [4], but for young adults (20–29 years), it is easy 

to identify the role of socio-demographic factors and lifestyle in the occurrence of LBP [5,6]. 

LBP is a cause of disability that occurs in adolescents and causes negative effects in adults 

as well [7]. 

Many causes of LBP are degenerative changes in the intervertebral discs. This aspect 

is a consequence of changes in nutrition processes at the level of the intervertebral discs 

that cause circulation problems, reducing the permeability of the vertebral body, reducing 

the transport of nutrients, accumulating catabolic final products, and decreasing tissue 

pH by activating enzymes that play a role in disc matrix degradation. Lumbosacral spine 

dynamics require stability and mobility. Stability is provided by the vertebral bodies and 

intervertebral discs, while mobility is provided by the facet joints. Mechanical, postural 

and genetic factors are involved in the onset of LBP [8,9]. 

From an anatomical point of view [10–12], chronic and severe low back pain can 

originate from intervertebral discs (degeneration and disc herniation), central and foraminal 

stenosis and facet joints, but also from the sacroiliac joints. In the context of mechanical 

dysfunction associated with LBP, relevant studies [13] emphasize the importance of 

translation (anterior/posterior) and intervertebral laxity. The kineto-pathological model 
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highlights the fact that LBP results from the repeated use of stereotyped movements of 

a movement direction (flexion–extension, rotation, lateral inclinations or combinations). 

The typical model is the one in which, during the execution of a movement (flexion) 

or assuming a prolonged position (sitting), the lumbar spine mobilizes in its available 

range in one direction. Repetition of the same movement contributes to the strain on the 

lumbar spinal tissue. Over time, the stress accumulation rate is higher than the adaptive 

tissue remodeling. Thus, tissue irritation, lumbar pain, and microlesions occur, leading to 

persistent LBP [11]. 

There are studies that highlight, from a pathological point of view, the role of mediators 

released from the herniated nucleus pulposus in the production of compressive lesions 

of disc herniation or stenosis [13], the increase in the number of CGRP-type neurons 

(molecular marker for the peptidergic population of primary afferent nociceptors) [14] that 

are responsible for discogenic pain. Pain-related functional behavior is, on the one hand, 

the motor response to pain or pain-related suffering, and on the other hand, the effect of 

root compression on the severity of paraspinal muscle degeneration, and is characterized 

by low mobility of the lumbar spine [14,15], the impairment of muscle contraction [15] and 

the inability to achieve trunk flexion [16,17]. Moissenet’s study [18] showed that for 85–90% 

of patients, the causes of low back pain cannot be established with certainty, the patients 

being classified as having non-specific back pain. Among them, approximately 10% have 

chronic back pain, thus becoming a socio-economic burden [19]. 

LBP is considered a complex condition in which central and peripheral nociceptive 

processes are influenced by various factors (social, psychological, musculoskeletal) that 

interact with each other [20,21]. Like many other conditions, back pain is influenced by 

genetic and environmental factors [22–25]. That is why recovery programs involve the 

evaluation of biomarkers that provide objective indications of the patient’s condition, and 

that can be measured accurately, the data being reproducible [20]. The meta-analysis by 

Shiri [26] assessed the association between overweight/obesity and LBP. 

The work environment and physical and psychosocial factors can influence the 

occurrence and evolution of LBP. Ergonomic risk factors lead to LBP, while psychosocial 

factors may influence the disability component of LBP. Prolonged posture causes static 

loading of soft tissues and causes dysfunction, while excessive standing and sitting 

can cause circulation problems, energy consumption, reduced mobility, accumulation 

of metabolites, accelerated disc degeneration and then disc herniation [27]. 

However, different studies indicate that pain can be impacted by lifestyle factors 

such as sleep disruptions [28,29], physical activity levels [30], sedentary behavior, and 

physical deconditioning [31]. Additionally, sleep disorders are linked to musculoskeletal 

health [29,32]. Consequently, engaging in physical activity not only helps maintain 

musculoskeletal health but also benefits cardiovascular health, reduces cancer risk, and 

lowers overall mortality rates [33,34]. Therefore, back pain, which is widely reported as the 

most common musculoskeletal issue globally [35], is strongly linked to sleep quality [36], 

disability [37], anxiety, and depression. Poor sleep quality exacerbates musculoskeletal 

pain intensity [38–43]. Research [44,45] also indicates that traditional exercise programs 

notably enhance sleep quality in patients with musculoskeletal disorders. 

Other studies demonstrate that patients with spinal disorders presented several 

factors of poor prognosis, such as the presence of chronic conditions [46,47], severe 

initial pain [48], the influence of mental status and, last but not least, female sex [49], 

in which it seems that sleep disorders are more evident [50–52], sleep being one of the 

adjustable risk factors [46]. Currently, exercise-based physical therapy is the primary 

initial treatment for musculoskeletal disorders [44,53–55] and improves sleep quality. 

A meta-analysis by Kelley et al. [56] demonstrated that exercise significantly improved 

overall sleep quality, as did a recent randomized controlled trial by Tseng et al., who 

demonstrated that moderate-intensity exercise has a significant beneficial effect on sleep 

quality and cardio-autonomic function [57,58]. 
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Guidelines recommend non-pharmacological and non-invasive management [59], 

which include patient education and the application of exercise therapy. The guidelines 

regularly recommend the practice of therapeutic physical exercises for non-specific LBP [60,61], 

psychological or cognitive behavioral therapies, yoga, with the benefits being observed 

by the assessment of pain and functional dysfunction over 3 months or even earlier [62]. 

Physical exercises, alone or accompanied by patient education and advice, have been shown 

to be effective for preventing LBP [63]. 

Lumbar stabilization exercise programs (LSEP) aim to control and coordinate the 

paraspinal and abdominal musculature [64]. Performing physical exercises aims to improve 

the postural muscles, as they have a role in stabilization and neuro-coordination or their 

combination [65]. Macedo’s study [66] showed the effectiveness of motor control exercise 

compared to other exercises for the lumbosacral segment of the spinal cord [31]. 

Exercise is an effective way to treat back pain. Physical exercise lasting 30 min can be 

performed by every patient and is useful to decrease pain, increase the flexibility of the 

spine and also increase the quality of life. Physiotherapy influences the circulatory system 

and the myo-arthro-kinetic system, which indicates, at the level of the central nervous 

system through receptors, every time, the position of the different segments of the body, 

while at the cortical level, the order of execution and control is elaborated for each motion. 

Physical therapy reduces pain and improves balance, coordination and joint flexibility. Each 

exercise program intensifies local catabolism, while the resulting substances are biologically 

stimulated to intensify anabolism, and on the other hand, muscle tone is influenced. 

Physical activity, by involving the muscles, will improve the metabolism and allow 

a large increase in the amount of O2 in the body, taking into account the fact that the muscle 

is the main producer of lactic acid and CO2 and the source of heat to the body. Correct 

learning of some movements will contribute to better coordination of readily automated 

movements in the form of unconditioned motor reflexes that, together with conditioned 

reflexes, will contribute to the formation of automatism, which means that movements can 

be performed without the need for immediate control by the cortex. Programming these 

motor skills can create points of excitation and inhibition in the central nervous system that 

will cause muscles to contract in a certain sequence and relax in others [67,68]. 

Therapeutic ultrasound is a form of physiotherapeutic treatment that uses high-frequency 

sound waves, which have ability to penetrate tissues at different depths depending on 

the frequency of application. Ultrasound can be applied in continuous form, having 

especially a thermal effect that causes muscle relaxation, and in pulsatile form, in which the 

thermal effect is diminished, improving blood circulation and reducing pain. The biological 

effects of ultrasound are mild, reversible and irreversible, even destructive, depending 

on the intensity, frequency, amplitude and duration of application [69,70]. Therapeutic 

ultrasound can contribute to the management of lumbar pain by reducing inflammation, 

due to the stimulation of blood circulation, reducing the sensation of pain associated with 

inflammation by relaxing tense muscles, and reducing discomfort by healing tissues, due 

to the increase in circulation and the improvement of local metabolism. There are few 

studies to support the use of ultrasound in patients with LBP to reduce pain and improve 

the quality of life of these patients. The improvement of the symptomatology through the 

application of ultrasound is of short duration. Studies are needed to estimate the effect of 

ultrasound in reducing pain, improving physical function and increasing the quality of life 

of patients with LBP [71]. 

Transcutaneous electrical nerve stimulation (TENS) is a non-pharmacological type 

and is used to treat acute and chronic pain. TENS activates inhibitory mechanisms to 

reduce CNS excitability and reduce pain. TENS trains large peripheral afferent fibers, 

and inhibitory systems are activated that reduce analgesia. The analgesic effect of TENS 

is mediated by receptors sensitive to a certain frequency. Thus, at a low frequency of 2–

5 Hz, endorphins are stimulated, providing a calming and pain-reducing effect. At the 

high frequency of 80–100 Hz that is frequently used, TENS causes analgesia by activating 

some inhibitory mechanisms at the CNS level, involving opioid receptors, GABA, and 
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serotonin. Repeated daily applications of TENS using the same parameters (intensity, 

duration, frequency) can produce analgesic tolerance in a few days [72]. There are clinical 

studies that recommend TENS as an adjunctive treatment for osteoarthritis or rheumatoid 

arthritis [73], in adults with hip fracture when no other electrotherapy applications are 

performed for the pain [74], and for low back pain moderate in intensity, together with 

physical exercises and NSAID administration [6,75]. 

The laser is a technological device that emits coherent electromagnetic radiation 

through the process of stimulating the emission of radiation. The operating principle 

of a laser is based on the properties of laser radiation: coherence, directionality and 

amplification. Low-level laser therapy (LLLT) is a form of treatment that involves the 

use of a lower-power laser to influence biological processes in the treated tissues. In 

the treatment of low back pain, low-intensity laser therapy can have several beneficial 

roles: analgesia, reduction of inflammation, stimulation of blood circulation, stimulation of 

healing processes, and muscle relaxation. LLLT is an alternative therapy to pharmacological 

treatments for chronic pain. Despite its widespread use, the effectiveness of LLLT is still 

controversial [76]. 

This study aimed to emphasize physiological and functional alterations in the para- 

vertebral muscles of young adults experiencing lumbar spine pain following the use of 

electrotherapy combined with therapeutic kinetic exercises. 

The initial hypothesis questioned whether significant differences due to engaging 

in therapeutic kinetic exercises and receiving electrical currents existed in young adults 

diagnosed with low back pain. 

2. Materials and Methods 

2.1. Study Description 

This was a prospective longitudinal study carried out over a period of 6 months in 

an outpatient setting. In general, before the start of recovery treatment, the patient is 

informed about its content and signs a consent form. The study was approved by the 

Research Ethics Commission within the USV with No. 31/19 April 2021. 

Two hours before the start of the treatment, participants in this study were advised to 

refrain from physical exercise, smoking and intake of caffeinated beverages. 

For this study, only some of the patients who came for medical control agreed to 

participate. Therefore, the study finally included a number of 175 patients (aged between 

20–40 years) who presented to the medical office with pain in the lumbosacral spine 

(Table 1). The patients were evaluated clinically, paraclinically, functionally and by imaging 

techniques at the beginning of the treatment (T1—before the start of the treatment), at the 

end of it (T2—after 15 days of application of the recovery treatment) and at the control 

(T3—after 20 weeks after the end of treatment). 

 
Table 1. Criteria for inclusion/exclusion. 

 
 

 
 
 

 
• Age 20–40 

Inclusion Criteria Exclusion Criteria 

• Age < 20 and over 40 
• Surgery on the lumbosacral spine under 6 months 
• Trauma 

• Pain in the lumbosacral region for at least 3 months 
• No acute/inflammatory conditions or associated comorbidities 

• Neoplasms 
• Pregnancy 
• Decompensated diseases 
• Mental disorders 
• Non-cooperating patients 

 
 

 
Pain was assessed according to the visual analog scale (VAS), in which the patient 

selected a whole number that best showed the intensity of his pain. The VAS scale had 

values between 0 (no pain) and 10 (maximum unbearable pain). The Oswestry Index 

was applied to assess the disability of patients with low back pain, assessing the impact 
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the pain has on the patients’ daily life sectors. It contains 10 questions and has values 

between 50 (severe pain and impairment of functional capacities) and 0 (minimal pain 

and minimal disability). The Oswestry Disability Index (ODI) is a well-known and widely 

used tool in the assessment of disability related to low back pain and is the most common 

patient-reported outcome for assessing disability due to back pain. 

The assessment of functionality and quality of life of patients with painful conditions 

of the lumbar spine was performed using the LBP-Module scale. It contains 10 questions 

(0 = minimum level of functionality and quality of life and 30 = maximum level of 

functionality and quality of life). 

The finger-to-floor distance index (FFDI) (normal = 0 cm) was used to assess the 

mobility of the lumbar spine. With the help of measuring tape, the distance between the 

top of the medius and the ground was estimated after the patient flexed the trunk on the 

thighs, starting from the orthostatic position. 

The physiological parameters monitored in the patients were pulse, blood pressure 

(both parameters show the tested person’s ability to adapt to the effort), and peripheral 

blood oxygen saturation (by oximetry). The blood oxygen level is actually the percentage 

of oxygen carried by red blood cells, and normal oxygen level values are considered to be 

between 95–100% [77,78]. 

The evaluation was performed in the physical therapy room at a suitable temperature 

that did not influence the sensor and, implicitly, the measurement. For the accuracy of the 

results, the pulse oximeter was applied to the index finger, while for women, nail polish or 

fake nail applied on the finger was removed. This parameter required the use of the pulse 

oximeter, a validated medical device that measures peripheral oxygen saturation (Sp O2) 

and pulse. Blood oxygen saturation was monitored, and the measurement accuracy was 

±2% for pulse and ±2% for oxygen. Blood pressure with its two components (systolic 

and diastolic) was assessed using a Rossmax digital blood pressure monitor, a validated 

medical device [79–81]. 

The evaluation was carried out with the left arm in support and the patient in a resting 

position, seated on a chair and supported by a backrest [82,83]. 

Recovery treatment included electrotherapy and kinesitherapy (therapeutic physical 

exercises). 

The applied electrotherapy had an analgesic, sedative, anti-inflammatory role, with 
frequencies between 50–500 Hz and intensity below the motor threshold for a muscle 
relaxation effect. TENS, ultrasound and laser have been used. Thus, for the acute 

forms, the LLLT 3 J/cm2 laser was used with a power density between 0.05–5 W/cm2 

(anti-inflammatory analgesic effect, combating muscle contraction, decreasing joint stiffness, 
increasing joint amplitude). For the analgesic and stimulating effect, TENS was also 
used, created on the principle of “pain deviation” or “gate control theory”. The applied 

parameters were the intensity of 100 mA, the duration of 150 µs, and the frequency of 50–

100 imp/s (Hz). Ultrasound has been used for analgesic, anti-inflammatory, fibrinolytic 

effects and for changing cell membrane permeability. The pulsating form was used to 

reduce the deep thermal effect, as happens in the continuous form. The effects were for 

acute and chronic conditions, causing an increase in the pain threshold, an increase in local 

blood circulation, and a decrease in joint stiffness. The applied frequency was 1 MHz, the 

intensity was 0.3 W/cm2, and the duration was 4 min. The vibrations determined by the 

mechanical oscillations have a high-frequency micro massage action, while the ultrasonic 

oscillations stimulate diffusion processes at the membrane level by intensifying metabolism 

and tissue regeneration processes. Ultrasound penetration was 3–6 cm. 
The objectives of the applied physiotherapy were as follows: 

• Improving mobility of the lumbosacral spine affected by paravertebral muscle contracture 

and instability 
• Correction of static vertebral disorders 

• Restoring the strength of the paravertebral muscles and gluteal and abdominal muscles 

by ensuring stability and dynamics of the lumbosacral spine. 
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• Correction of motor deficit in radiculopathy (coordination, strength, resistance) 

• Re-education of orthostatism and gait 

Postural control, passive and active mobilization exercises, and static (isometric) and 

dynamic resistance exercises were used. Useful Williams techniques were applied to 

reduce pain: to increase stability of the lower train, to ensure flexion–extension balance 

for postural muscles, to tone abdominal muscles, and to ensure pelvic tilt. Basically, the 

Williams program was used to flex the lower trunk and included exercises that tried to 

remobilize the lumbar spine, allowing pelvic tilts, stretching the psoasiliac muscle, but also 

the paravertebral muscles. The exercises were performed during the daily treatment period 

for 45 min/session in the physical therapy room. 

The program included the following: 

• Warm-up period of 8–10 min, lumbar spine stretching exercises, breathing exercises, 

and mobilization of the body segments towards the trunk were applied. 

• The actual program that started with 15 min and increased to 25 min, with aerobic 

exercises of medium intensity, bicycle, stepper, and walking on the treadmill. Maintaining 

a correct posture was followed, and exercises were performed to maintain proprioceptive 

capacity using specific devices. 

• The final period with a duration between 5–10 min, in which light exercises were 

performed to avoid brutal exertional hypertension, as well as relaxed walking exercises 

and breathing exercises. 

Upon completion of the treatment, participants maintained a home program of therapeutic 

exercises, conducting three sessions weekly, each lasting at least 30 min. They were provided 

with verbal instructions and written materials and encouraged to continue the exercises 

independently in the kinesitherapy room: The Back School [84,85]. It is important to 

emphasize that the effectiveness of their home exercise program hinges on maintaining 

proper ergonomics during these sessions. Ensuring ergonomic practices is crucial for 

preventing potential discomfort or injuries during home exercises. 

Participants were educated on how their home environment and daily activities 

could impact their posture and musculoskeletal health. They were provided with specific 

guidance on optimizing ergonomics, such as maintaining proper sitting positions, using 

supportive furniture, and creating a conducive workspace. This emphasis on ergonomics 

aims to enhance the effectiveness of the therapeutic exercises and ensure a seamless 

transition from the rehabilitation facility to the home setting. 

During their follow-up in the rehabilitation program, we evaluated the effects of both 

the therapeutic exercise and the incorporation of ergonomic principles into their daily 

activities. This holistic approach not only attends to immediate rehabilitation needs but 

also fosters long-term musculoskeletal health and well-being for the participants. 

The Williams program comprises flexion training and aims to unload the lumbar area 

and reduce disc-radicular conflict. The Williams method can be practically expressed in 

three phases: In phase 1 (acute phase), 6 exercises are carried out with the aim of increasing 

the mobility of the lower trunk, toning the abdominal muscles, and lengthening the muscles 

of the lumbosacral spine and the one in the posterior region of the thigh; 5 of these exercises 

are performed from the supine position, and one from the sitting position. In phase 2 

(subacute phase), the exercises are performed after 2 weeks and include exercises that are 

executed from free positions, from hanging on a fixed ladder and moving the lower limbs. 

In phase 3 (chronic stage), exercises include tilting the pelvis, stretching the hip flexors, and 

toning the muscles of the trunk, abdomen, and buttock to maintain a neutral position of 

the pelvis. Each exercise was performed 3–5 times depending on the patient’s ability and 

own clinical-functional conditions. 

Examples from the flexion program include pelvic balance, knees to chest, then to 

chest (all supine), partial raise, hamstring stretch, and hip flexors. 
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2.2. Presentation of the Group 

All participants (patients and evaluators) in the study were informed of the purpose 

of the study and the exercise program, the collected data being used only for this study. 

The original group of 175 patients was randomly divided into two groups: the 

first 86 participants, in order of registration, were assigned to group G1, and the next 

89 participants to group G2. Each group received electrotherapy, and one of the groups also 

received kinetic therapy. Thus, group G1 (which included kinetic therapy in the treatment) 

included 86 patients, of whom 44 (51.16%) were women and 42 (48.84%) were men. Group 

G2 included 89 patients, of whom 45 (50.56%) were women and 44 (49.44%) were men 

(Table 2). 

 
Table 2. Clinical and phenotypic characteristics of study groups. 

 

TOTAL—175 G1—86 G2—89 
 

Characteristics 
N % N % N % 

Age, years       

20–25 41 23.43 15 17.45 26 29.21 
26–30 36 20.57 20 23.25 16 17.98 
31–35 59 33.71 28 32.55 31 34.83 

36–40 39 22.29 23 26.75 16 17.98 

Gender       

Male 86 49.14 42 48.84 44 49.44 

Female 89 50.86 44 51.16 45 50.56 

Geographical area       

Urban 115 65.71 55 63.95 60 67.42 
Rural 60 34.29 31 36.05 29 32.58 
Occupation of participant       

Student 19 10.85 10 11.62 9 10.12 
Teacher 35 20 18 20.93 17 19.11 
Marketing field 22 12.57 10 11.62 12 13.48 
Driver 50 28.59 24 27.91 26 29.21 
Daily laborer 29 16.57 15 17.45 14 15.73 
Other occupations 20 11.42 9 10.46 11 12.35 
Work absenteeism       

Teacher 4 2.28 2 2.32 2 2.24 
Marketing field 4 2.28 1 1.16 3 3.37 
Driver 11 6.28 5 5.81 6 6.74 
Daily laborer 6 3.42 2 2.32 4 4.49 

Other occupations 3 1.71 1 1.16 2 2.24 

 

The participants in the study who required days of medical leave benefited from 

a program of therapeutic exercises aimed at improving their health and facilitating their 

return to work. At home, the therapeutic exercise program becomes crucial because it 

contributes to the rehabilitation of participants who have left their daily routine. 

The study participants who continued their work at the workplace managed their 

work responsibilities alongside the rehabilitation program. The program of therapeutic 

exercises at home was integrated into the daily routine and designed to adapt to their 

work schedules. 

Ergonomic factors are particularly crucial for participants who are working while 

undergoing rehabilitation. Implementing proper ergonomics in their workplaces can 

mitigate additional strain and foster a healthier work environment. 

It is essential to consider these factors when designing and evaluating rehabilitation 

programs, as they may influence participant adherence to the home exercise regimen 

and the overall success of the intervention. In addition, understanding the participants’ 

working conditions provides a valuable context for interpreting the experimental results in 

the context of real-world applications and everyday life scenarios. 
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After completing the initial treatment, participants were categorized into distinct 

clusters based on their occupations: students, teachers, drivers, individuals from the 

marketing field and daily laborers. Each cluster continued the therapeutic exercise program 

at home. 

Both verbal instructions and written materials were provided, specifically tailored to 

address the unique needs and challenges associated with each occupation. 

• Student Cluster: 

- Received a set of therapeutic exercises focusing on ergonomics in the workplace. 

- The home exercise program for students focused on addressing the impact of 

prolonged sitting during study sessions. 

- Exercises emphasized posture improvement and stretches to alleviate tension 

from prolonged desk work or computer use. 

• Teacher Cluster: 

- Received a set of therapeutic exercises focusing on ergonomics in the workplace. 

- Teachers, who often face demands related to standing for extended periods and 
repetitive motions, received a tailored program. 

- Their exercises aimed to enhance strength and flexibility, particularly in areas 

affected by frequent standing and classroom activities. 

• Driver Cluster: 

- Participants in the driver cluster engaged in exercises designed to counteract the 

effects of prolonged sitting and repetitive movements associated with driving. 

- The program included stretches and strengthening exercises targeting areas 

vulnerable to strain during driving. 

• Marketing Field Cluster: 

- Participants from the marketing field engaged in a home exercise program designed 

to address the sedentary nature of office work common in marketing roles. 

- Exercises focused on mitigating the effects of prolonged sitting, promoting good 

posture and targeting areas prone to tension from desk work. 

• Daily Laborer Cluster: 

- Daily laborers, who often engage in physically demanding tasks, received a tailored 

program aimed at improving strength, flexibility, and resilience. 

- Exercises were designed to address the physical demands and potential strain 

associated with manual labor, promoting overall musculoskeletal health. 

• Other occupations with varied health conditions: 

- Followed a comprehensive home exercise program, combining elements of both 

ergonomics and general musculoskeletal rehabilitation. 

- Received personalized instructions to address specific health conditions or concerns 

within this diverse cluster. 

Regular check-ins and feedback sessions were conducted with each cluster to assess 

adherence and address any concerns or modifications needed based on individual responses. 

The participants returned for a comprehensive evaluation in the rehabilitation program, 

where outcomes within each cluster were analyzed. This assessment included improvements 

in pain levels, functional capacity, and overall well-being. 

Statistical analyses were performed to determine the significance of the interventions 

within each occupational cluster, providing insights into how individuals in the marketing 

field and daily laborers responded to their tailored therapeutic exercises. 

This approach allowed for a nuanced understanding of the effectiveness of the 

program in addressing the specific occupational challenges faced by individuals in the 

marketing field and daily laborers, contributing to a more comprehensive evaluation of the 

rehabilitation program. 
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Throughout the intervention period, participants were encouraged to maintain adherence 

to their prescribed home exercise program. 

Upon returning for further evaluation in the rehabilitation program, the outcomes 

for patients within each cluster were meticulously assessed. This included analyzing 

improvements in pain levels, functional capacity, and overall well-being. 

The average age of patients in the G1 group was 31.05 years (±5.48), and in the G2 

group, it was 29.55 years (±5.51) By age group, it was found that the most affected were 
those in the 31–35 year-old group, with women being more affected in both groups. 

2.3. Statistical Analysis 

For statistical analysis, categorical variables were expressed as number and percentage, 

while continuous variables were expressed as mean ± standard deviation. The significant 
differences between the two groups in terms of the scales used at the time of evaluation 
were evaluated with the help of the independent samples t test. The interpretation of 

the p values was as follows: p < 0.05, the statistical link was significant (95% inter-wave 
confidence) and if p > 0.05, the statistical relationship was insignificant. Statistical analyzes 

were performed with SPSS 20 (SPSS Inc., Chicago, IL, USA). 

3. Results 

In our study, we evaluated the effectiveness in relieving pain and improving the 
quality of life in two groups of patients (G1 and G2) at different time points (T1, T2, T3): 

PAIN parameter (VAS) 

• In the G1 group, the pain assessed using the VAS scale decreased by 31.79% at T2 and 
by 24.57% at T3. 

• In the G2 group, the improvement was 27.49% at T2 and 25.68% at T3. 

• Between T1 and T3, pain relief was 56.35% in the G1 group and 53.17% in the G2 group. 

Quality of life parameter (LBP-M) 

• In the G1 group, the functional evaluation and the patient’s quality of life evaluated 

using the LBP-Module scale showed an increase of 29.58% at T2 and 35.93% at T3. 
• In group G2, the increase was 30.72% at T2 and 32.80% at T3. 

• Between T1 and T3, the increase in quality of life was 65.52% in the G1 group and 

63.54% in the G2 group (Supplementary File S1). 

DISABILITY parameter—Oswestry Index 

• In the G1 group, the disability assessed using the Oswestry scale was reduced by 

29.15% at T2 and by 21.43% at T3. 
• In the G2 group, the reduction was 19.02% at T2 and 17.55% at T3. 

• The disability assessed between T1 and T3 decreased by 50.55% in the G1 group and 

by 36.57% in the G2 group. 

FINGER-TO-FLOOR DISTANCE INDEX (FFDI) parameter 

• In the G1 group, the finger-to-ground index (FGI) decreased by 37.56% at T2 and by 
32.5% at T3. 

• In the G2 group, the decrease was 10.62% at T2 and 7.04% at T3. 

• Between T1 and T3, a reduction of 69.98% in the G1 group, compared to 17.6% in the 

G2 group, was found (Supplementary File S2). 

HEART RATE (HR) parameter 

• In the G1 group, heart rate improved by 12.44% at T2 and by 1.63% at T3. 

• In the G2 group, the improvement was 2.32% at T2 and 7.26% at T3. 

• Between T1 and T3, the heart rate improved by 10.81% in the G1 group compared to 

9.58% in the G2 group. 
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OXYGEN SATURATION (SAT O2) parameter 

• In the G1 group, the obtained results indicated an increase of 0.75% at T2 and 0.2% at T3. 

• In the G2 group, the increase was 0.38% at T2 and 0.17 at T3. 

• Between T1 and T3, there was an increase in blood oxygen saturation of 1.28% in 

group G1 and 0.2% in group G2 (Supplementary File S3). 

SYSTOLIC BLOOD PRESSURE (SBP) parameter 

• In the G1 group, SBP registered a change, namely a reduction of 11.11% at T2 and of 

0.61% at T3. 
• In the G2 group, the reduction was 10.74% at T2 and 2.09% at T3. 

• Between T1 and T3, TAS decreased by 10.49% in the G1 group and by 8.39% in the 

G2 group. 

DIASTOLIC BLOOD PRESSURE (DBP) parameter 

• In the G1 group, TAD registered a decrease of 13.56% at T2 and 10.49% at T3. 

• In group G2, the decrease was 4.65% at T2 and 4.32% at T3. 

• Between T1 and T3, TAS decreased in the G1 group by 8.9% and in the G2 group by 

6.17% (Supplementary File S3). 

Regarding the subgroups of women from study groups G1 and G2, we can state 

the following: 

PAIN parameter (VAS) 

• In the G1 group, the pain assessed using the VAS scale decreased by 32.64% at T2 and 
by 25.06% at T3. 

• In the G2 group, the improvement was 26.75% at T2 and 25.45% at T3. 

• Between T1 and T3, pain relief was 57.7% in the G1 group and 52.2% in the G2 group. 

Quality of life parameter (LBP-M) 

• In the G1 group, the functional evaluation and the patient’s quality of life evaluated 

using the LBP-Module scale showed an increase of 30.36% at T2 and of 35.31% at T3. 
• In group G2, the increase was 31.07% at T2 and 32.33% at T3. 

• Between T1 and T3, the increase in quality of life was 65.67% in the G1 group and 

63.40% in the G2 group (Supplementary File S4). 

DISABILITY parameter—Oswestry Index 

• In the G1 group, the disability assessed using the Oswestry scale was reduced by 
27.84% at T2 and by 21.01% at T3. 

• In the G2 group, the reduction was 18.73% at T2 and 17.37% at T3. 

• The disability assessed between T1 and T3 decreased by 48.86% in the G1 group and 

by 36.11% in the G2 group. 

FINGER-TO-FLOOR DISTANCE INDEX (FFDI) parameter 

• In the G1 group, the finger-to-ground index (FGI) decreased by 38.55% at T2 and by 

30.18% at T3. 
• In the G2 group, the decrease was 10.78% at T2 and 7.71% at T3. 

• Between T1 and T3, a reduction of 68.74% in the G1 group, compared to 18.40% in the 

G2 group, was found (Supplementary File S5). 

HEART RATE (HR) parameter 

• In the G1 group, heart rate improved by 9.59% at T2 and by 1.31% at T3. 

• In the G2 group, the improvement was 2.53% at T2 and 7.12% at T3. 

• Between T1 and T3, the heart rate improved by 8.27% in the G1 group compared to 

9.65% in the G2 group. 
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OXYGEN SATURATION (SAT O2) parameter 

• In the G1 group, the obtained results indicated an increase of 1.16% at T2 and 0.12% 

at T3. 
• In the G2 group, the increase was 0.37% at T2 and 0.18% at T3. 

• Between T1 and T3, there was an increase in blood oxygen saturation, of 1.29% in 

group G1 and 0.18% in group G2 (Supplementary File S6). 

SYSTOLIC BLOOD PRESSURE (SBP) parameter 

• In the G1 group, SBP registered a change, namely a reduction of 11.35% at T2 and of 

0.29% at T3. 
• In the G2 group, the reduction was 11.06% at T2 and 2.67% at T3. 

• Between T1 and T3, TAS decreased by 11.06% in the G1 group and by 8.38% in the 
G2 group. 

DIASTOLIC BLOOD PRESSURE (DBP) parameter 

• In the G1 group, TAD registered a decrease of 14.80% at T2 and 10.53% at T3. 

• In group G2, the decrease was 5.58% at T2 and 4.56% at T3. 

• Between T1 and T3, TAS decreased by 9.21% in the G1 group and by 5.97% in the G2 

group (Supplementary File S7). 

Regarding the subgroups of male patients from study groups G1 and G2, the following 

statements can be made: 

PAIN parameter (VAS) 

• In the G1 group, the pain assessed using the VAS scale decreased by 30.64% at T2 and 
by 24.05% at T3. 

• In the G2 group, the improvement was 27.90% at T2 and 25.45% at T3. 

• Between T1 and T3, pain relief was 56.70% in the G1 group and 27.90% in the G2 group. 

Quality of life parameter (LBP-M) 

• In the G1 group, the functional evaluation and the patient’s quality of life evaluated 

using the LBP-Module scale showed an increase of 28.79% at T2 and of 36.60% at T3. 
• In group G2, the increase was 30.23% at T2 and 33.38% at T3. 

• Between T1 and T3, the increase in quality of life was 65.39% in the G1 group and 

63.62% in the G2 group (Supplementary File S8). 

DISABILITY parameter—Oswestry Index 

• In the G1 group, the disability assessed using the Oswestry scale was reduced by 

29.15% at T2 and by 21.72% at T3. 
• In the G2 group, the reduction was 19.02% at T2 and 17.55% at T3. 

• The disability assessed between T1 and T3 decreased by 50.87% in the G1 group and 

by 36.57% in the G2 group. 

FINGER-TO-FLOOR DISTANCE INDEX (FFDI) parameter 

• In the G1 group, the finger-to-ground index (FGI) decreased by 36.57% at T2 and by 
33.19% at T3. 

• In the G2 group, the decrease was 10.16% at T2 and 6.39% at T3. 

• Between T1 and T3, a reduction in the G1 group of 69.76%, compared to 16.94% in the 

G2 group, was found (Supplementary File S9). 

HEART RATE (HR) parameter 

• In the G1 group, heart rate improved by 15.19% and by 1.98% at T3. 

• In the G2 group, the improvement was 2.01% at T2 and 9.6% at T3. 

• Between T1 and T3, the heart rate improved by 13.21% in the G1 group compared to 

5.78% in the G2 group. 
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OXYGEN SATURATION (SAT O2) parameter 

• In the G1 group, the obtained results indicated an increase of 1.16% at T2 and 0.12% 

at T3. 
• In the G2 group, the increase was 0.37% at T2 and 0.18% at T3. 

• Between T1 and T3, there was an increase in blood oxygen saturation of 1.29% in 

group G1 and 0.18%in group G2 (Supplementary File S10). 

SYSTOLIC BLOOD PRESSURE (SBP) parameter 

• In the G1 group, SBP registered a change, namely a reduction of 11.35% at T2 and of 

0.29% at T3. 
• In the G2 group, the reduction was 11.06% at T2 and 2.67% at T3. 

• Between T1 and T3, TAS decreased by 11.06% in the G1 group and by 8.38% in the 
G2 group. 

DIASTOLIC BLOOD PRESSURE (DBP) parameter 

• In the G1 group, TAD registered a decrease of 14.80% at T2 and of 10.53% at T3. 

• In group G2, the decrease was 5.58% at T2 and 4.56% at T3. 

• Between T1 and T3, TAS decreased by 9.21% in the G1 group and by 5.97% in the G2 

group (Supplementary File S11). 

The results obtained when evaluating each parameter, for all time points, showed 

statistically significant values in both groups G1 and G2 (Table 3). 

 
Table 3. T-student assay values in groups G1 and G2. 

 

  G1 Group   G2 Group  

T1–T2 T2–T3 T1–T3 T1–T2 T2–T3 T1–T3 

VAS 0.020167 0.030951 0.009173 0.015006 0.029831 0.007017 

LBP-M 0.047285 0.025382 0.015833 0.048983 0.021924 0.014757 

ODI 0.029079 0.044103 0.016417 0.008673 0.013155 0.002053 

FFDI 0.028667 0.049014 0.018713 0.001746 0.001207 0.000004 

SBP 0.001967 0.000003 0.000009 0.001813 0.000009 0.000005 

DBP 0.003244 0.000522 0.000001 0.001859 0.000391 0.000004 

HR 0.003145 0.000679 0.000002 0.000124 0.001326 0.000007 

SAT O2 0.000001 0.000005 0.000008 0.000001 0.000004 0.000005 

 

And, for the subgroups of women from the two groups G1 and G2, the results were 

statistically significant (Table 4). 

 
Table 4. T-student assay values for subgroups of women from groups G1 and G2. 

 

  G1 Group   G2 Group  

T1–T2 T2–T3 T1–T3 T1–T2 T2–T3 T1–T3 

VAS 0.020872 0.031579 0.009669 0.014265 0.028998 0.006552 

LBP-M 0.048647 0.024483 0.015871 0.048937 0.021294 0.014478 

ODI 0.025892 0.038998 0.013525 0.008354 0.012674 0.001922 

FFDI 0.030301 0.046999 0.018923 0.001796 0.001551 0.000005 

SBP 0.001884 0.000005 0.000008 0.001592 0.000007 0.000004 

DBP 0.002782 0.000361 0.000001 0.001965 0.000451 0.000005 

HR 0.001736 0.000429 0.000007 0.000132 0.001292 0.000007 

SAT O2 0.000001 0.000009 0.000007 0.000002 0.000003 0.000005 

 

The results were also statistically significant in the subgroups of male patients from 

groups G1 and G2 (Table 5). 
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Table 5. T-student assay values for subgroups of male patients from groups G1 and G2. 

 

  G1 Group   G2 Group  

 T1–T2 T2–T3 T1–T3 T1–T2 T2–T3 T1–T3 

VAS 0.019183 0.029801 0.008463 0.015394 0.029132 0.000702 
LBP-M 0.046131 0.026393 0.015888 0.048802 0.022835 0.015102 

ODI 0.032151 0.048821 0.020302 0.009249 0.014191 0.002327 
FFDI 0.027047 0.046686 0.017227 0.001717 0.000927 0.000003 
SBP 0.002064 0.000003 0.000001 0.001935 0.000132 0.000006 
DBP 0.003901 0.000749 0.000002 0.001814 0.000382 0.000004 
HR 0.005053 0.001011 0.000006 0.000108 0.002275 0.000008 

SAT O2 0.000001 0.000002 0.000009 0.000001 0.000004 0.000005 

 

4. Discussion 

The results showed changes between the evaluation time points, such that in the 

evaluations between T2 and T3, the patients in the G2 group registered a decrease in the 

values obtained for the evaluated parameters, which also influenced the values at T3. The 

patients in the G1 group continued the kinetic program at home, at the rate of three sessions 

per week, each with a duration of 30 min, which allowed them to obtain better results than 

the patients in the G2 group. These differences allowed us to make some assessments: 

1. The pain was relieved through electroanalgesic therapy, alongside physical therapy, 

aligning with findings from specialized studies. Controlled studies have indicated the analgesic 

effect of electrotherapy between 25–90%, with no side effects and few contraindications. One 

of the analgesic procedures for electrotherapy is TENS, which can be an alternative to NSAIDs, 

which have side effects. Studies showed a reduction in pain and a decrease in the amount of 

NSAIDs used [86,87]. 

The results of a 2018 study [88] showed that men are more likely to get sick, with pain 

being a predominant symptom. 

Other studies [89–91] showed a predominance of pain among women, an aspect that 

must be addressed to determine whether it is due to the preponderance of gender or 

an imbalance in the population in favor of more women than men. However, the results of 

physiotherapy should not be neglected. For this purpose, there is research that shows that 

the use of physical therapy as an active therapy has better results than the passive modality 

represented by electrotherapy: ultrasound, TENS [92]. 

2. Lumbar spine disability and mobility improved primarily due to the administered 

physical therapy, as indicated in several studies [93–96]. The disability and mobility 

of the lumbar spine improved primarily due to the implemented physical therapy, as 

supported by findings in various studies. The Bernadellis study [97] highlighted that 

incorporating regular exercise at home or at work presents an opportunity to enhance 

health and diminish disability. 

Studies [98,99] show that reducing the Oswestry Index score represents a decrease in 

pain intensity, with an increase in ROM and functional activities. 

3. Electrotherapy had an impact on heart rate and blood pressure, with physical 

therapy showing a particularly significant influence. 

The changes in blood pressure and heart rate were greater in the G1 group. Studies 

show that electrotherapy can influence the circulatory system to increase local vasodilation 

and hyperemia at the application site, a phenomenon that can have an effect on local and 

general metabolism. Practicing therapeutic, controlled physical exercise, both during the 

treatment period and in the period leading up to the control, allowed the adaptation of 

these parameters to efforts over time; therefore, no high blood pressure or heart rate values 

were recorded. 

Heart rate variability (HRV) reflects the modulation of the autonomic nervous system 

under various conditions, such as sleep, body position, psychological state, and physical 

activity [100,101]. Efferent autonomic control of the sinus node, particularly with respect to 

timing, is a major factor in determining HRV. For example, Catai’s study [102] looked at the 
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impact of aerobic exercise on HRV and cardiorespiratory responses, finding that heart rate is 

influenced by age. Other research [103–105] indicates that maximal aerobic capacity peaks 

around age 30 and declines thereafter, associated with a decrease in parasympathetic tone. 

Subsequent studies in subjects over 60 years of age have shown that sustained exercise 

for 6–12 months can improve parasympathetic activity, increase HRV, and reduce nocturnal 

heart rate [106,107]. It is important to note that the balance between sympathetic and 

parasympathetic tone, with a predominance of the latter, influences resting HR. For example, 

increased vagal tone is thought to be the primary mechanism in exercise-induced bradycardia 

over a period of 6 months to 1 year [108]. However, there are also studies [101,109,110] that 

failed to reveal significant differences between subjects who exercised and those who did 

not for a longer period. 

The results of Catai’s study are consistent with other research [101,109,110], which 

suggested that there were no significant differences between young adults [111] and older 

adults [112] following a program of physical exercise. 

Fohr’s study [113] also highlights the dynamics of cardiac autonomic activity during 

the day, influenced by factors such as stress, relaxation, sleep and physical activity. Other 

research [114,115] supports the association of physical activity with an increase in heart 

rate variability, indicating that long-term physical activity can improve physical fitness and 

health. Assessing the interconnection of the central nervous system and the heart through 

HRV, according to the methods presented by Thayer [116,117], has become a noninvasive 

way to assess sinus node modulation. 

According to the study of Appelhans [118], an increased variability of cardiac activity 

at rest may indicate a context of highly adaptive emotional responses. In contrast, low 

HRV is associated with cardiovascular disease, mood disorders, and other pathologies. 

Furthermore, research such as that of Gockel [119], Cohen [120], and Moustoufi [121] has 

shown decreased HR in low back pain, fibromyalgia, and neck pain, indicating that pain 

may alter sympatho-vagal balance, and heart rate may serve as a marker for physical and 

psychological disorders, especially in the case of chronic pain. 

Bandeira’s study [122] focused on identifying resting HRV in patients with LBP. The 

results suggested an increase in sympathetic outflow, as measured by HR values, in these 

patients, indicating decreased vagal tone. In addition, Pigozzi’s study [123] revealed an increase 

in sympathetic modulation of sinus node activity in individuals who performed regular 

exercise for 5 weeks, which may coexist with signs of reduced vagal modulation activity. 

Perrini’s study [124] demonstrated that regular physical activity can influence vagal 

and cardiac sympathetic activities. This impact can be attributed to the increase in 

respiratory rate, determined by the practice of physical exercise, which, in turn, has a direct 

effect on heart rate modulation. Sandercock’s [125] meta-analysis based on 13 studies 

confirmed the effects of exercise training on HR and explored the association between HRV 

and cardiac vagal modulation. 

Hottenrott’s study [126] emphasized the use of HRV in the assessment of short- and 

long-term autonomic changes in endurance exercise, whether it is practiced for leisure 

or in high-performance activities. HRV is a significant marker in the diagnosis of strain 

and overstrain. Assessed in healthy individuals and those with cardiovascular disease, 

HRV shows significant improvements after regular exercise. Changes accompanied by 

reductions in HR at rest and during exercise reflect an increase in autonomic efferent activity 

and a change in vagal modulation of heart rate. 

Tuomainen’s study [127] also highlighted changes in HRV in a 6-month randomized 

trial, highlighting the beneficial effects on cardiac autonomic nervous function, which is 

a relevant predictor of cardiovascular morbidity. 

In the context of physiological pain assessments, parameters such as HR, HRV and 

respiratory rate (RR) have become topics of interest. HRV, a parameter proposed by 

Forte [128], is considered an indicator of the flexibility and adaptive regulation of the 

nervous system, providing a homeostatic response to factors such as stress, environment 

and physical activity. 
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HRV is considered an optimal variable for measuring the sensitivity of the autonomic 

nervous system (ANS) to nociceptive stimulation, including in pain situations. Since HRV 

reflects the body’s ability to adapt to changes in circumstances, including in the presence of 

pain [129], it becomes an important indicator for evaluating the modulation of the autonomic 

nervous system, including both sympathetic and parasympathetic components [128]. 

The strong interaction between the nociceptive nervous system and the autonomic 

nervous system, in both the sympathetic and parasympathetic branches, has been highlighted 

in studies such as those of Benarroch and Pham [130,131]. 

Studies, such as those of Younes [132], Zhang [133] and Bandeira [122], have proposed 

the inclusion of HRV as a relevant parameter in the assessment of pain, benefits of 

treatments and sympathetic-parasympathetic balance associated with LBP. 

Pain can also be considered a stressful situation for our body, and HRV is known 

to be altered in stressful situations, according to studies such as those of Attar [134] and 

Schneider [135]. 

The recent study by Jacinto et al. [136] evaluated the effects of two 24-week exercise 

programs on indices of health and fitness in institutionalized individuals with intellectual 

and developmental disabilities. Study findings revealed significant differences in 

cardiovascular response, with significant changes in HR observed at midterm assessments, 

while SBP and DBP variables did not show significant differences between groups. 

There were significant differences between the initial and final values for SDP and 

DBP, as were recorded in our study. 

There is consistent evidence indicating that regular physical exercise significantly 

influences cardiovascular parameters. Boer’s study [137] and Reimesr’s [138] meta-analysis 

found a significant decrease in SBP after the final intervention, suggesting that exercise can 

reduce SBP. There is also a negative association between participant age and decreased HR, 

and a high resting HR is associated with increased all-cause mortality [139]. 

This aspect can be explained by endothelial dysfunction, reduction of arterial distens- 

ibility, increased stress on the arterial wall and increased pulse wave speed [140]. 

Cardiac autonomic control is influenced not only by physical exercise, but also by 

the time of day the physical activity takes place, according to studies by Waninge [141] 

and Sandercock [125]. Exercise appears to exert an antiarrhythmic effect, inducing resting 

bradycardia and increased cardiac vagal modulation [125]. 

Exercise modulates cardiac autonomic control by decreasing sympathetic influence 

and increasing vagal tone. This shift toward greater vagal modulation can positively affect 

the prognosis of individuals with a variety of morbidities [142]. 

An interesting aspect is the resetting of the arterial baroreflex at the onset of physical 

exercise, indicated by the study of Michael et al. [143]. This reset involves a physiological 

change in cardiac output and increased sympatho-vagal activity, but is short-lived [144]. 

Studies such as Berry’s in 2020 [145] indicate post-exercise parasympathetic reactivation 

evident in HR dynamics 5 min after exercise. 

LBP can cause disability [146] and inability to perform daily activities, including 

workplace absenteeism [147], representing a burden on the economic and health systems [148]. 

4. The oxygen saturation of the blood increased initially in both groups, later only in 

the G1 group, due to the ability to adapt to the physical effort, which is in agreement with 

specialized studies. 

5. The quality of life has improved significantly through the regular application of 

therapeutic physical exercises. The results obtained regarding the relationship between 

physical activity and LBP are consistent with those reported in studies [91,92]. Other 

studies [149,150] evaluated the action of physical activity in reducing pain, improving 

physical function and physical quality. The effects of regular physical activity of moderate 

intensity reduce the risk of morbidity and mortality [151–153], also having a prophylactic 

role for cardiovascular diseases, diabetes, osteoporosis, depression and some musculoskeletal 

disorders, including LBP [154]. Exercise improves the quality of life of patients with LBP. 

Therefore, physical activity is recommended in clinical guidelines [154–156]. In the case of 
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chronic low back pain, it can be seen that the physical therapy exercise approach remains 

a first-line treatment and should be used systematically [155]. On the other hand, the 

positive responses of the nervous system to pain are represented by the increase in RR, HR, 

BP, and vegetative phenomena (sweating, anxiety, restlessness) [157]. 

Physical therapy is an essential element in the management of LBP, addressing both 

physical and emotional aspects of the patient. Thus, physical therapy aims to increase 

muscle strength, with the objectives of reducing pain, improving function and accelerating 

the patient’s recovery with the return to usual activities. In addition to the physical benefits 

of exercise, there are also emotional and psychological benefits, which can decrease pain 

and improve functional capacity. The management of LBP is complex and costly, with social, 

economic and medical implications. Disability caused by LBP is a major problem behind 

workplace absenteeism. Also, the prevalence of LBP in the active population (25–64 years) 

is increasing [89,158]. LBP is one of the most prevalent and disabling conditions, and its 

economic burden is enormous. For many patients, especially young ones, the symptoms 

tend to become chronic; therefore, the treatment should be a biopsychosocial approach, 

based on evidence and cost-effectiveness, especially in the early stages, as the specialized 

literature shows [159]. LBP has became a growing problem worldwide [61,160]. That is 

why specialists in medical recovery should offer patients treatment but also education 

regarding the causes, mechanisms and prognosis of this disabling condition, promoting the 

benefits of therapeutic exercises and electric modalities [161]. 

There are also limitations of the study, namely the small number of patients and the 

relatively short period of evaluation of changes in physiological parameters in this condition. 

We can include as limitations the presence of variables that were not taken into account 

in the design, bias in the selection or the interpretation of the data, measurement errors and 

subjectivity of the recordings. 

A study from 2020 [162] highlights that depending on the type of work practiced, it 

is necessary that the exercise program be adapted to the professional activity, mentioning 

that future studies and on numerous groups are needed to confirm the results of this study. 

Discussion: Integrating Cardiovascular Parameters in Rehabilitation Studies 

Our study, focusing on the impact of tailored therapeutic exercises, including 

elements of electrotherapy, opens the possibility of exploring the effects of physical 

therapy on cardiovascular parameters. The literature provides valuable insights into 

the interconnectedness of musculoskeletal and cardiovascular health, highlighting the 

potential benefits of comprehensive rehabilitation programs. 

1. Exercise and Cardiovascular Health: Numerous studies have emphasized the 

positive influence of exercise on cardiovascular parameters. Regular physical activity has 

been associated with improved HR, reduced risk of cardiovascular diseases, and enhanced 

cardiovascular function [163]. In our study, the prescribed therapeutic exercises may have 

contributed not only to musculoskeletal improvements but also to cardiovascular well-being. 

In order to promote and maintain health, it is recommended to practice physical 

exercise of moderate intensity (accelerates the heart rate), 30 min/day, five times a week, or 

of increased intensity (fast breathing and a substantial increase in the heart rate) for at least 

20 min/day, three times a week. 

2. Electrotherapy and Circulatory Benefits: Electrotherapy, as an adjunct to exercise, 

has been explored for its potential cardiovascular effects. For instance, TENS has been 

suggested to enhance blood circulation by promoting vasodilation and reducing sympathetic 

nervous system activity [164]. This suggests that the electrotherapy component in our 

study may have played a role in influencing cardiovascular parameters. 

3. Synergistic Effects of Exercise and Electrotherapy: Combining exercise and electro- 

therapy may result in synergistic effects on cardiovascular health. A study [165] demonstrated 

that a combination of therapeutic exercise and electrical muscle stimulation positively 

impacted endothelial function, a key indicator of cardiovascular health. This supports the 

notion that our integrated approach could have multifaceted benefits, addressing both 

musculoskeletal and cardiovascular aspects. 
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Moreover, high-intensity exercise has been found to reduce pain, disability rate, and 

psychological stress in PML patients [90,166,167]. 

4. Considerations for Future Research: While our study provides a foundation, further 

research is warranted to delve into the specific mechanisms underlying the cardiovascular 

effects of combined physical therapy interventions. Longitudinal studies with comprehensive 

cardiovascular assessments, such as of blood pressure, heart rate variability, and endothelial 

function, could provide a more nuanced understanding of the holistic impact of tailored 

therapeutic exercises. 

Exercise may also improve cardiovascular function through adaptations of the heart 

and vascular system [168–170]. Regular exercise reduces resting HR, BP, and atherogenic 

markers and increases physiological cardiac hypertrophy [171–174]. Exercise improves 

myocardial perfusion and increases high-density lipoprotein (HDL) cholesterol, all of which 

reduce stress on the heart and improve cardiovascular function in healthy and diseased 

individuals [173,175–177]. There is increasing interest in exercise-based therapies due to 

the beneficial effects of exercise on cardiovascular health and the potential mechanisms by 

which they occur. 

In conclusion, our study not only contributes to the rehabilitation literature but also opens 

avenues for investigating the cardiovascular implications of physical therapy interventions. 

By acknowledging the interconnectedness of musculoskeletal and cardiovascular systems, 

future research can advance our understanding and refine rehabilitation strategies for 

optimal patient outcomes. 

5. Conclusions 

This study examined the role of electrotherapy combined with exercise therapy in 

the treatment of low back pain in young adults. The patients who participated in the 

study felt that the values of some cardiovascular parameters were influenced during the 

use of electrotherapy and individualized kinesitherapy (related to the clinical-functional 

status of each patient), values that can later return to their initial levels, especially through 

training and by adapting cardiac function to physical effort. Decreased pain and disability 

and increased flexibility of the lumbar spine were also noted, particularly through the 

application of therapeutic exercises. 

The study is a starting point for future research on the possible influence of cardiovascular 

parameters when combined with electrotherapy and therapeutic exercise in the treatment 

of back pain. 

Depending on the clinical-functional status of each patient, physical therapy can 

accelerate the heart rate and increase blood pressure and oxygen saturation of arterial 

blood, values that can later return to their initial levels, especially through training. 

The use of complex and individualized treatment that includes electrotherapy and 

kinesitherapy causes a decrease in pain syndrome and disability, an increase in the flexibility 

of the lumbar spine, reducing the values of the finger-to-ground index, and adaptation of 

cardiac function to effort. 
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Abstract: Background and Objectives: The COVID-19 pandemic caused by SARS-CoV-2 significantly 

marked people’s lives with respect to their behavior, and their physical and mental health. Materials 

and Methods: This is a cross-sectional study that was conducted in 2021 for a period of 5 months. 

The study sample included 218 students from the College of Physical Education and Sports of the 

University of Suceava who filled in a questionnaire on mental, physical and behavioral symptoms 

caused by the COVID-19 pandemic, as well as the Anxiety Assessment Questionnaire (STAI). Results: 

The responses indicated increased anxiety, physical symptoms, altered behavior, and increased 

perception of social restrictions. Regression analyses indicated that the levels of anxiety during the 

COVID-19 outbreak were strongly correlated with cognitive, physical and behavioral symptoms of 

the students. These were influenced by the living arrangements, location (urban vs. rural), age group 

and study year. Conclusions: The results show that first-year students did not exhibit significant 

physical and cognitive symptoms despite reporting anxiety, probably due to their enthusiasm as 

beginners. The 3rd year students were prone to anxiety and reported cognitive symptoms, possibly 

due to the prospects of an uncertain future. 

 
Keywords: students; psycho-emotional moods; behavioral problems; academic performance; 

COVID-19 pandemic 

 
 
 

1. Introduction 

The COVID-19 pandemic caused by the SARS-CoV-2 marked people’s lives signifi- 

cantly by influencing their behavior, but also their physical and mental health. The World 

Health Organization issued specific guidelines and urged an analysis on the effects of the 

pandemic on mental health and possible psycho-social consequences [1]. Social isolation, 

restrictions on physical and social contact, fear of illness and the loss of loved ones are 

just some of the aspects caused by the pandemic [2,3]. It has been well documented that 

quarantine and self-isolation can affect the daily activities of the population by worsening 

their anxiety, depression, loneliness, insomnia and development of behavior that can lead 

to increased alcohol consumption, tobacco or substance use, and even suicide [4]. 

Previous studies have consistently shown the psychosocial impact of the COVID-19 

pandemic on mental health and in particular on women and children of young age [3,5,6]. 

For example, one study [7] showed that approximately 1.5 billion young people, of which 

90% were students enrolled in schools worldwide, did not attend classes. In China, more 

than 220 million children and adolescents stayed at home during long periods of times 
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because of the pandemic [8], and 18.6% showed symptoms characteristic of anxiety dis- 

orders [9]. Thus, Chinese students were found to be at higher risks in comparison to the 

adult population in terms of anxiety, stress or depression [3] and were very sensitive to the 

negative effects of the quarantine [10–12]. 

The unprecedented situation created by the COVID-19 pandemic in Romania has 

transformed the educational system by forcing teachers as well as students to adapt within 

a very short time to the new social conditions and to the online learning process [13–15]. 

Suceava county, situated in the north-east region of Romania, saw the first and the largest 

COVID-19 outbreak that originated at Suceava regional county hospital. As a consequence, 

Suceava county was placed under complete lockdown, which had a major impact on all 

ages, including young individuals. Being the first region in the country under sheltering-in- 

place measures, students in this area were also the first ones subject to the social restrictions 

and sudden changes in the curriculum delivery. Therefore, we hypothesized that these 

measures had a negative impact on students’ health due to increased stress and anxiety 

since there was no history on how to successfully cope with such sudden and adverse 

environmental factors [16]. To address this, we evaluated the impact of the first COVID-19 

outbreak on physical, mental and behavioral manifestations of first-, second- and third-year 

college students under complete lockdown conditions in the county of Suceava, Romania. 

2. Materials and Methods 

The study was cross-sectional and was conducted in 2021 for a period of 5 months at 

“S, tefan cel Mare” University of Suceava. 

The target population was represented by first-, second- and third-year students from 

the College of Physical Education and Sports at “S , tefan cel Mare” University in Suceava. 

Off the 412 students contacted, 242 responded to our online questionnaire, and 218 actually 

completed the questionnaires. All participants received the information package about 

the study and signed informed consent. The study was conducted online, and students 

received one questionnaire as well as the self-evaluation STAI (State-Trait Anxiety Inventory 

Spielberger) questionnaire, via e-mail, using Google Docs. 

The study was approved by the Research Ethics Committee of the University of 

Suceava nr. 34/20.05.2021, in compliance with the ethical principles on human medical 

research according to the Declaration of Helsinki. The collected data were anonymous and 

confidential, and were used only for this study. 

The general questionnaire was designed to evaluate the impact of the COVID-19 

pandemic during the lockdown/isolation period on the emotional, cognitive and physical 

status of the students and also its influence on their quality of life. The questions were 

closed type, with multiple answer choices. The students had to choose from the options 

provided, with the used terms being easy to understand without creating confusion. The 

questions were short and precise, meant to elicit a direct answer and to be easily processed 

for analyses. The questions focused on mental reactions (emotional and cognitive) and 

physical and behavioral reactions reported by students in response to the lockdown (isola- 

tion, online courses) by assessing stress, fear, anxiety and panic. For cognitive evaluation, 

the questionnaire aimed to determine whether or not the student had difficulties in con- 

centration/attention and coping with catastrophic events. For physical evaluation, the 

symptoms presented and recorded were headache, fatigue, myalgia, anorexia and malaise. 

The questionnaire also included questions that assessed changes in the general behavior of 

the students, such as eating, sleep, alcohol consumption, tobacco use, physical activity and 

social restrictions. 

Students also completed the STAI questionnaire that included 40 items, assessed on 

a 4-point Likert scale (e.g., from “Almost Never” to “Almost Always”). The scale has 

2 subscales: one for the state, with 20 items that reflects the person’s condition “at this 

moment” and the trait subscale, also with 20 items, that reflects the person’s condition 

“in general” [17]. This questionnaire had been used and validated in previous Romanian 

studies, albeit in other models [18]. It has been often used in assessing anxiety and is a 
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sensitive predictor of distress. State anxiety items include: “I am tense; I am worried” and 

“I feel calm; I feel secure.” The possible scores vary from a minimum of 20 points (signs are 

not present at all) to a maximum of 80 points (signs are very present). Trait anxiety items 

include: “I worry too much over something that really doesn’t matter” and “I am content; 

I am a steady person”. Likewise, the possible scores vary from a minimum of 20 points 

(signs are not present at all) to a maximum of 80 points (signs are very present). Data were 

analyzed with Student’s t-test and regression analysis using Microsoft Excel and IBM SPSS 

Statistics for Windows version 24.0 (Armonk, NY: IBM Corp) statistical software. Data are 

presented as absolute numerical values, mean (±SD) as well as proportions. Values with 

p < 0.05 were considered statistically significant. 

3. Results 

Of the 218 students who completed the questionnaires, 155 (71.11%) were female and 

63 (28.89%) were male. The proportion by study years was 75 (34.40%), 72 (33.03%) and 

71 (32.57%), for the first, second and third year, respectively (Table 1). 

 
Table 1. Socio-demographic characteristics of the study group. 

 
 

 
Students 

1st Year 2nd Year 3rd Year 
 

 

F M F M F M 
 

 59 (78.67%) 16 (21.33%) 51 (70.83%) 21 (29.17%) 45 (63.38%) 26 (36.62%) 

 <20 years 17 4 11 8 - - 

 21–25 years 22 6 14 3 15 7 

Age 26–30 years 9 2 12 5 16 10 

 31–35 years 8 3 8 3 8 5 

 >36 years 3 1 6 2 6 4 

 University dorms 25 8 20 7 21 7 

Location Living with family 19 4 15 8 14 8 

 Living alone 15 4 16 6 10 11 

Geographical Urban 40 10 21 11 22 16 

Area Rural 19 6 30 10 23 10 

 
Our analyses showed that anxiety due to stress, fear, and panic attacks were observed 

more in females than in males (57.79% vs. 19.72%) while 72.93% of students reported 

difficulty in concentration/attention. A similarly high percentage of students complained 

of various physical symptoms, such as fatigue, myalgia, headache, malaise and anorexia. 

Additionally, prolonged sitting position at the computer caused pain in the lumbar and 

dorsal spine in a greater proportion than visual acuity disorders and low limb pain (Table 2). 

 
Table 2. Results from the questionnaire on mental, physical and behavioral symptoms caused by 

COVID-19 pandemic. 
 

Question Answer 
1st Year (n,%) 2nd Year (n,%) 3rd Year (n,%) 

 Female Male Female Male Female Male 

 Fear 20 (26.67) 3 (4) 8 (11.11) 5 (6.94) 12 (16.91) 5 (7.04) 

What was your first reaction Frustration 15 (20) 5 (6.67) 6 (8.33) 3 (4.16) 12 (16.91) 8 (11.27) 
when you found out from mass 

media about the COVID 19 Panic attack 8 (10.6) 3 (4) 20 (27.78) 6 (8.33) 12 (16.91) 5 (7.04) 

infection? Stress 14 (18.6) 4 (5.33) 15 (20.83) 6 (8.33) 7 (9.86) 6 (8.45) 

 I don’t know 2 (2.67) 1 (1.33) 2 (2.78) 1 (1.38) 2 (2.82) 2 (2.82) 
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Table 2. Cont. 

 

Question Answer 
1st Year (n,%) 2nd Year (n,%) 3rd Year (n,%) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

A high number of students reported increased consumption of carbohydrates (37.15%) 

and fats (31.65%), tobacco use (32.11%) and coffee (28.89%) during lockdown. The number 

of students with sleeping difficulty (was quite similar with those who slept well (29.35% vs. 

  Female Male Female Male Female Male 

 Fatigue 11 (14.67) 2 (2.67) 14 (19.44) 4 (5.56) 8 (11.27) 4 (5.63) 

What symptoms did you Anorexia 12 (16) 2 (2.67) 10 (13.88) 2 (2.78) 8 (11.27) 3 (4.23) 

experience when classes were Myalgia 14 (18.67) 4 (5.33) 13 (18.05) 5 (6.94) 4 (5.63) 7 (9.86) 
moved online? 

Headache 10 (1.33) 4 (5.33) 6 (8.33) 6 (8.33) 8 (11.27) 4 (5.63) 

 Malaise 12 (16) 4 (5.33) 8 (11.11) 4 (5.56) 7 (9.86) 8 (11.27) 

 Difficulty in 
concentration 

27 (36) 7 (9.33) 16 (22.22) 7 (9.72) 18 (25.35) 7 (9.86) 

Did lockdown cause the 
appearance or worsening of 

Difficulty in 
attention 

21 (28) 4 (5.33) 24 (33.33) 8 (11.11) 12 (16.91) 8 (11.27) 

cognitive/attention disorders? Catastrophic 
events 

10 (13.33) 4 (5.33) 10 (13.89) 6 (8.33) 15 (21.13) 10 (14.08) 

 I don’t know 1 (1.33) 1 (1.33) 1 (1.38) 0 0 1 (1.41) 

Which food categories did you Fats 16 (21.33) 4 (5.33) 23 (31.94) 6 (8.33) 12 (16.91) 8 (11.27) 

eat more often during Proteins 13 (17.33) 6 (8) 12 (16.67) 8 (11.11) 20 (28.17) 7 (9.86) 
lockdown? 

Carbohydrates 30 (40) 6 (8) 14 (19.44) 7 (9.72) 13 (18.31) 11 (15.49) 

 Sleep difficulty 16 (21.33) 4 (5.33) 20 (27.78) 6 (8.33) 12 (16.91) 6 (8.45) 

 Insomnia 12 (16) 5 (6.67) 6 (8.33) 6 (8.33) 12 (16.91) 9 (12.68) 
Describe the quality of your 
sleep during the lockdown Deep sleep 22 (29.33) 3 (4) 20 (27.78) 5 (6.94) 12 (16.91) 6 (8.45) 

 No change 5 (6.67) 4 (5.33) 3 (4.17) 3 (4.17) 9 (12.68) 5 (7.04) 

 I don’t know 4 (5.33) 0 2 (2.78) 1 (1.38) 0 0 

 Physical 
restriction 

14 (18.67) 5 (6.67) 16 (22.22) 8 (11.11) 16 (22.54) 8 (11.27) 

How did you perceive the Social restriction 25 (33.33) 8 (10.67) 20 (27.78) 6 (8.33) 18 (25.35) 8 (11.27) 
restrictions during the 

lockdown? 
Imposed 

self-isolation 
20 (26.67) 3 (4) 14 (19.44) 6 (8.33) 9 (12.68) 6 (8.45) 

 I don’t know 0 0 1 (1.38) 1 (1.38) 2 (2.82) 2 (2.82) 

 Tobacco 15 (20) 8 (10.67) 10 (13.89) 8 (11.11) 14 (19.72) 15 (21.13) 

Was your Alcohol 2 (2.67) 6 (8) 3 (4.17) 5 (6.94) 3 (4.23) 6 (8.45) 
alcohol/tobacco/coffee 

consumption influenced by the 
lockdown? 

Tobacco and 
alcohol 

10 (13.33) 5 (6.67) 3 (4.17) 3 (4.17) 3 (4.23) 6 (8.45) 

 Coffee 12 (16) 4 (5.33) 14 (19.44) 7 (9.72) 16 (22.54) 10 (14.08) 

 Cervical spine 
pain 

14 (18.67) 4 (5.33) 12 (16.67) 3 (4.17) 11 (15.49) 4 (5.63) 

 
What symptoms did you 

Dorsal spine 
pain 

18 (24) 5 (6.67) 10 (13.89) 6 (8.33) 15 (21.13) 3 (4.23) 

experience during online 
education? 

Lumbar spine 
pain 

13 (17.33) 5 (6.67) 16 (22.22) 10 (13.89) 12 (16.91) 8 (11.27) 

 Visual acuity 
disorders 

6 (8) 2 (2.67) 7 (9.72) 1 (1.38) 4 (5.63) 5 (7.04) 

 Low limb pain 8 (10.67) 0 6 (8.33) 1 (1.38) 3 (4.23) 6 (8.45) 
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31.19%). Students perceived the restrictions imposed by the COVID-19 pandemic more in 

terms of social restrictions than physical restriction (38.99% vs. 30.73%). 

When comparing students’ responses by the study year, there were significant dif- 

ferences within each age group and between study year for most emotional, cognitive, 

behavioral, and physical manifestations. However, with very few exceptions, the physical 

activity was not significantly impacted by the lockdown (Table 3). 

 
Table 3. Effects of age group on students’ symptoms between study years (t-test). 

 

Signs Age 
1st Year/2nd Year 2nd Year/3rd Year 1st Year/3rd Year 

  p p p 

 <20 years 0.0171 - - 

 21–25 years 0.0026 0.0565 0.0541 
Affective 

symptoms 26–30 years 0.0115 0.0492 0.0601 

 31–35 years 0.0487 0.0465 0.0023 

 >36 years 0.1062 0.0496 0.0631 

 <20 years 0.0328 - - 

 21–25 years 0.0192 0.0049 0.0241 
Cognitive 
symptoms 26–30 years 0.0571 0.0081 0.0495 

 31–35 years 0.0419 0.0238 0.0185 

 >36 years 0.0172 0.0764 0.0607 

 <20 years 0.0086 - - 

 21–25 years 0.0688 0.0619 0.0076 
Behavioral 
symptoms 26–30 years 0.0527 0.0866 0.0372 

 31–35 years 0.0003 0.0143 0.0141 

 >36 years 0.0364 0.0039 0.0402 

 <20 years 0.0021 - - 

 21–25 years 0.0269 0.0052 0.0219 
Physical 

symptoms 26–30 years 0.0407 0.0053 0.0459 

 31–35 years 0.0015 0.0858 0.0845 

 >36 years 0.1061 0.0163 0.0929 

 <20 years 0.2721 - - 

 21–25 years 0.2370 0.2172 0.2217 
Physical 
activity 26–30 years 0.3102 0.0069 0.3128 

 31–35 years 0.2965 0.0012 0.2965 

 >36 years 0.0758 0.0824 0.1417 

 

When examining the effect of living arrangements on students’ symptoms, again there 

are significant differences between each study year for most categories. However, there 

were no significant differences in physical symptoms between first and second year for 

students living in the dorm, nor there were any effects on physical activity for students 

living alone or with their families. Similarly, there were no significant effects on physical 

activity between first and third year for all living arrangements (Table 4). When examining 

the effects of urban versus rural, it seems that urban environment had a greater impact on 

all symptom categories compared to rural area. Again, the least affected was the physical 

activity between study year (Table 4). 
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Table 4. Effects of living arrangements and geographical area on students’ symptoms between study 

year during lockdown (t-test). 
 

Living Arrangements Geographical Area 
 

Signs 
 1st Year/ 

2nd Year 

p 

2nd Year/ 
3rd Year 

p 

1st Year/ 
3rd Year 

p 

 1st Year/ 
2nd Year 

p 

2nd Year/ 
3rd Year 

p 

1st Year/ 
3rd Year 

p 

 Living in dorms 0.0318 0.0264 0.0055 Urban 0.0184 0.0428 0.0248 

Affective 
symptoms Living with family 0.0284 0.0262 0.0022 Rural 0.0114 0.0052 0.0166 

 Living alone 0.0108 0.0396 0.0499     

 Living in dorms 0.0196 0.0471 0.0281 Urban 0.0021 0.0321 0.0341 
Cognitive 
symptoms Living with family 0.0407 0.0044 0.0365 Rural 0.0017 0.0333 0.0349 

 Living alone 0.0474 0.0111 0.0367     

 Living in dorms 0.0325 0.0346 0.0022 Urban 0.0206 0.0267 0.0062 

Behavioral 
symptoms Living with family 0.0520 0.0304 0.0223 Rural 0.3578 0.0261 0.0098 

 Living alone 0.0188 0.0351 0.0165     

 Living in dorms 0.1781 0.0025 0.1796 Urban 0.0057 0.0044 0.0013 

Physical 
symptoms Living with family 0.0016 0.0468 0.0483 Rural 0.0298 0.0361 0.0645 

 Living alone 0.0462 0.0256 0.0212     

 Living in dorms 0.0113 0.2096 0.2067 Urban 0.0409 0.0013 0.0422 

Physical 
activity Living with family 0.2771 0.0072 0.2759 Rural 0.0802 0.1786 0.2074 

 Living alone 0.4261 0.0027 0.4237     

 

Anxiety scores using STAI for state anxiety were 50.08, 49.28 and 49.66 for first, second, 

and third year, respectively, and for trait anxiety they were 49.97, 48.65 and 47.23 for first, 

second, and third year, respectively. This indicates a moderate-to-high anxiety level in the 

students. Linear regression analyses show a significant enhancement of the affective and 

physical symptoms for the 26–30 age category, of cognitive symptoms for the 21–25 age 

category and of physical activity for the 18–20 age category (Table 5). 

 
Table 5. Effects of age on STAI and students’ symptoms. 

 

Age 
STAI (State 

(Years) 
Anxiety) 

STAI (Trait 
Anxiety) 

Affective 
Symptoms 

Cognitive 
Symptoms 

Behavioral 
Symptoms 

Physical 
Symptoms 

Physical 
Activity 

 F P F P F P F P F P F P F P 

18–20 0.006 0.939 0.164 0.688 0.250 0.620 0.16 0.900 2.130 0.153 0.472 0.496 8.184 0.007 
21–25 0.162 0.689 0.418 0.520 3.522 0.065 5.045 0.028 2.576 0.113 0.022 0.884 0.107 0.744 
26–30 0.116 0.735 1.712 0.196 29.049 0.000 0.530 0.470 0.665 0.418 7.375 0.009 0.937 0.337 
31–35 0.247 0.623 0.004 0.950 0.571 0.456 0.067 0.798 0.207 0.652 1.098 0.303 0.002 0.968 

>36 0.924 0.348 0.567 0.460 0.342 0.565 0.024 0.878 2.276 0.147 2.861 0.106 3.460 0.078 

 

Regression analyses also revealed significant differences between urban and rural 

environments. As such, the urban environment had a significant effect on cognitive symp- 

toms, while the rural environment affected affective, cognitive, behavioral and physical 

symptoms as well as STAI trait anxiety (Table 6). 
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Table 6. Effects of geographical area on STAI and students’ symptoms. 

 
 

Geographical 
Area 

STAI (State 
Anxiety) 

STAI (Trait 
Anxiety) 

Affective 
Symptoms 

Cognitive 
Symptoms 

Behavioral 
Symptoms 

Physical 
Symptoms 

Physical 
Activity 

F P F P F P F P F P F P F P 
 

Urban 0.004 0.950 0.586 0.446 0.003 0.957 23.454 0.000 3.241 0.074 0.791 0.376 0.633 0.428 

Rural 0.004 0.951 5.994 0.016 6.651 0.011 11.003 0.001 6.570 0.012 12.258 0.0001 0.963 0.328 

 

Finally, compared to students who lived with the family or alone, more students 

who lived in the dorm reported affective, cognitive and behavior symptoms as well as a 

significant increase in trait anxiety (Table 7). 

 
Table 7. Effects of living arrangements on STAI and students’ symptoms. 

 

Living 
STAI (State 

Arrangements 
Anxiety) 

STAI (Trait 
Anxiety) 

Affective 
Symptoms 

Cognitive 
Symptoms 

Behavioral 
Symptoms 

Physical 
Symptoms 

Physical 
Activity 

F P F P F P F P F P F P F P 

Living in dorms 0.095 0.759 7.061 0.009 4.967 0.028 9.545 0.003 9.573 0.003 0.461 0.499 3.877 0.052 
Living with family 0.126 0.724 0.002 0.962 1.567 0.215 15.371 0.000 3.825 0.055 0.141 0.709 0.475 0.493 

Living alone 0.652 0.422 1.224 0.273 0.861 0.357 9.658 0.003 2.236 0.140 0.921 0.341 2.418 0.125 

 

4. Discussions 

This study was conducted to determine the extent to which the lockdown during 

the first and largest COVID-19 outbreak in the county of Suceava, Romania, had on 

psychological, physical and behavioral manifestations of first-, second- and third-year 

college students. Overall, our findings show a significant increase in anxiety, as measured 

by STAI, as well as in reporting affective, cognitive, behavioral and physical symptoms by 

the students following physical restriction, quarantine and self-isolation. 

The negative health-related conditions caused by the COVID-19 pandemic coupled 

with the public measures taken to slow the spread of the virus resulted in significant 

lifestyle changes in the majority of the population. Adaptability to changes was reflected by 

an increase in stress levels of many individuals that can trigger emotional, behavioral and 

physiological responses. Within the student population, anxiety has significantly increased 

primarily due to the fear of being infected and by the cancellation of on-site academic 

activities. In other words, the individual emotional reactions were caused, on one hand, 

by the restrictions imposed due to the COVID-19 pandemic and, on the other hand, by 

exposure to a demanding, competitive environment, without direct physical and social 

participation [19]. In our study, anxiety, under many forms was encountered in 73.39% of 

the total number of students. This is in line with the study of Wang et al. [20] who found 

that the most common emotional response of people during the pandemic was anxiety. 

Another study also found that the prevalence of anxiety among college students during 

this pandemic was 27% [6]. 

During the COVID-19 pandemic, the mental health of university healthcare students 

was affected negatively. For example, the Hospital Anxiety and Depression Scale (HADS) 

revealed that only 43.8% and 40.0% of participants had normal anxiety and depression 

scores, while 22.4% showed borderline abnormal anxiety/depression scores, with many 

students (33.8%) being identified with abnormal anxiety scores [21]. Among these psycho- 

logical effects, other studies showed intense stress, irritability, anxiety, fear, complaints of 

depression and post-traumatic stress disorder as well as sleep disorders [10,22]. 

Besides changes in affectivity, our students reported cognitive alterations, such as 

difficulties in concentration (72.93%) and catastrophic thinking (25.22%). Intolerance of 

uncertainty includes the belief that uncertain events are unfair, unacceptable and threaten- 

ing [23]. In such situations, catastrophic cognitions occur, which mediate the relationship 

between information seeking and health anxiety [24]. It was also found that catastrophic 



Medicina 2022, 58, 246 8 of 10 
 

 

 
thinking about COVID-19 can contribute to various psychiatric symptoms associated with 

depression, agoraphobia and panic disorder [25]. 

We also assessed several psychosomatic symptoms in students during lockdown 

such as fatigue, anorexia, myalgia, headache, and malaise, which were reported by over 

20% of the students. COVID-19 threat negatively affected the biological rhythm through 

intolerance of ambiguity, which then increases somatic symptoms both directly and through 

biological rhythm. A review of 13 articles showed that the COVID-19 pandemic had a 

negative impact on physical and mental health in healthcare workers, and headaches have 

been associated to psychological stress and work overload during the pandemic [26]. 

Other behaviors, such as sleep, eating, daily activities (sports) and social activities, 

have all been impacted or restricted due to changes in working conditions, and enforcement 

of quarantine or curfews. In our study, 50% of students reported at least one unhealthy habit, 

such as alcohol consumption and tobacco use or insomnia. In the United Kingdom, the 

alcohol consumption increased by 4.5% increase during April to October 2020, compared 

to the same period in the previous year [27]. In a study involving students, however, there 

was a reduction in alcohol drinking during COVID-19 pandemic. Thus, living with parents 

during emerging adulthood may be protective against heavy drinking [28]. A large study 

(n = 3396) on current tobacco users showed a 28% increase in cigarette use during the 

pandemic, while 15% reported a decrease in their tobacco use. The most common reasons 

for increased use were increased stress, more time at home, and boredom while quarantined, 

while the most common reasons for reduced use were health concerns and more time 

around non-smokers [29]. Students decreased smoking and vaping frequency from the 

week prior to their campus closing; however, decreased frequency did not correspond to 

reduced quantity. Higher anxiety and moving home (versus living independently) were 

related to the decrease [30]. 

Our study showed that students increase their food consumption. Some studies 

showed a marked increase in body mass index during the quarantine [31]; however, in a 

study conducted in Serbia, most students did not feel a constant need for food (63.2%), nor 

did they consume larger amounts of food than usual (67.5%). Students (36.0%) were careful 

about the nutritional and energy value of food, and they had well-balanced meals that had 

a beneficial effect on their immune responses [32]. 

Our students were more affected by the social restrictions (38.99%) than the physical 

restrictions (30.73%), which is in line with other studies showing student dissatisfaction 

with social restrictions [33]. Physical symptoms were also present in this study to a great 

extent, with half of students reporting dorsal and lumbar pain. The low back pain (LBP) 

was the most common musculoskeletal pain area that increased after the quarantine. LBP 

was a highly prevalent health problem in medical students in Serbia, too [34]. In other 

recent studies conducted in Saudi Arabia, the point prevalence of LBP found was 40.5% 

in medical students [35], 21.2% among health sciences students [36], in comparison with 

80% in nurses [37], and 31.4% in office workers [38]. This could be related to the burden of 

work, type of professional or academic activity carried out by each group, and poor posture 

at work [39]. 

Regression analyses indicated that the levels of anxiety during the COVID-19 outbreak 

were strongly correlated with cognitive, physical and behavioral symptoms of the students. 

These were influenced by the living arrangements, location (urban vs. rural) and age group. 

Our study has several limitations that include a relatively small number of participants as 

well as the use of the general questionnaire that has not been internally validated. The fact 

that the questionnaires used to measure human feelings and emotions are self-reported 

is another limitation of this study. Notwithstanding this, our study reveals a significant 

impact on students’ affective, cognitive, behavioral and physical symptoms following the  

first largest COVID-19 outbreak in Suceava county, Romania. 
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5. Conclusions 

The impact of the COVID-19 pandemic on the students’ physical and mental state 

resulted in a state of anxiety coupled with a complex of physical, emotional, cognitive and 

behavioral symptoms. The results also show that first-year students showed less anxiety, 

perhaps due to their enthusiasm, while third-year students were more prone to anxiety and 

experienced cognitive symptoms to a greater extent, possibly due to the prospects of an 

uncertain future, such as final exams and starting a career. 
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The effects of nonsteroidal anti-inflammatory drugs (NSAIDs) in abarticular conditions are well known. The 
aim was to compare the efficacy of NSAIDs, of Diclofenac drug class (Voltaren gel, in this case) applied 
topically, with and without ultrasound, for a period of 10 days in abarticular rheumatic diseases. The 
following parameters have been aimed at: pain, functional impotence and quality of life index. One gram of 
gel was applied daily for an area of 100 cm². The treatment was applied to patients in an outpatient regime. 
Therapeutic ultrasound frequencies were used. Among the effects of selective warming of the areas exposed 
to ultrasound, we mention: decreased joint stiffness, increased pain threshold of peripheral nerves and 
nerve endings, moderate increase of blood flow, increased joint mobility. 

Keywords: pain, abarticular disorders, ultrasound conditions, NSAIDs 

 

Abarticular rheumatic diseases - are conditions 
affecting the periarticular soft tissue (muscles, tendons, 
ligaments, bursae). The symptoms include pain and 
stiffness in the affected area [1] 

For effective treatment, it is very important to practice 
evidence-based therapy. Practitioners should use 
interventions supported by scientific evidence [2, 3]. 

Despite a long-standing tradition of ultrasound physical 
therapy used in the treatment of musculoskeletal 
conditions, neither ultrasounds, nor specific aspects of 
NSAIDs have been tested for efficacy in the treatment of 
pain [4, 5]. 

The purpose of the study was to identify the effectiveness 
of two physiotherapy programmes of abarticular rheumatic 
diseases: Diclofenac applied topically, with and without 
ultrasound. 

An abarticular rheumatic disease is a disease manifested 
by one or a combination of several symptoms such as pain, 
numbness in the extremities. Treatment consists of rest, 
topical administration of NSAIDs, muscle relaxants, local 
cortisone injection, physiotherapy, medical gymnastics [3]. 

Cold applications are useful (cold compresses or ice 
bags) resulting in relieving pain and reducing swelling. 

Ultrasound physical therapy is a known method that 
has proven effective in joint and soft tissue pathology in 
acute, subacute and chronic stages [6, 7, 8]. Ultrasounds 
penetrate the tissues causing thermal and mechanical 
energy [9]. Locally, it proved to increase temperature of 
the tissue, thus favouring the blood flow. 

The application of ultrasound can speed up biochemical 
reactions, alter diffusion and cellular metabolism, enhance 
oxidation-reduction reactions and can produce the 
thixotropic effect [10, 11]. 

Application of ultrasound treatment reduces the algic 
component, decreases articular stiffness and muscle 
contracture, and by increasing the local temperature, it 
allows an increase of blood flow. In ultrasound radiation 
exposed blood the following processes take place: reduced 
number of red blood cells, a slowdown in the clotting 

process of the blood, a variation of the total seric calcium, 
etc [12, 13]. 

For a proper treatment, it is important to have the values 
of these blood elements correctly determined [14]. 

The physical parameters of importance for the recovery 
therapy are: vibration frequency (the best is 800 kHz), 
intensity (expressed in in W/cm²), the working method of 
the transmitter (continuous or pulsed), contact 
environment, duration, the interval between sessions [15, 
16]. 

Experimental part 
The study was done in an outpatient setting, for a period 

of 10 months, in 2016. 
The study included a total of 312 patients with 

abarticular rheumatic diseases (bursitis, tendonitis, 
tenosynovitis) divided into two groups: group G1 included 
a total of 126 patients receiving NSAID therapy - 
administered locally by gently massaging the painful region, 
and group G2 with 186 patients receiving NSAID therapy, 
administered locally, but by applying ultrasounds. We note 
that all patients have also followed physical therapy 
recovery programme. 

Selection criteria of the patients in these groups were 
the following: 

- patients who had painful and functional abarticular 
symptoms 

- age 18-70 years 
- clinical and laboratory diagnosis (radiography, 

musculoskeletal ultrasound, MRI) 
- absence of skin lesions 
- the absence of contraindications to NSAID treatment 
- without neuropsychiatric disorders 
Evaluation of patients was done on an outpatient basis 

at the beginning and at the end of the recovery treatment, 
which lasted 10 days. 

Clinical and functional parameters followed in the two 
groups at the beginning and end of the recovery treatment 
were: pain, functional impotence, quality of life. 
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Table 1 

DISTRIBUTION OF GROUPS G1 AND G2 ACCORDING TO AGE GROUPS AND GENDER 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Distribution of groups G1 and G2 according to gender 

Evaluation tests used were: VAS pain scale, Quality of 
Life Scale- QOL 

VAS scale - is a method of subjective self-assessment 
by the patient reporting the painful sensation. The level 10 
indicates an unbearable pain and level 0 means absence 
of pain. 

The quantified assessment scale - QOL measures the 
personal satisfaction in 16 distinct areas of life, among 
which we mention: financial security, health, relationships 
with family and friends, learning, work, creativity, social 
life, reading and personal independence. 

The equipment used was the Chattanooga combine. In 
our study, there were applied ultrasonic frequencies of 
1MHz, continuous mode, with medium intensity 0.5-0.6W/ 
cm² ensuring a penetration of 3-6 cm, daily application for 
3 min. One gram of gel was applied daily for an area of 100 
cm². 

Demographic data of the study groups G1 and G2 are 
shown in the following tables and graphics. 

 

 

 

 

 

 

 

 
The table shows that of the group G1 with 126 patients, 

61 (48.41%) were males and 65 (51.59%) females. Age 
group distribution shows a greater number of patients (38) 
in the age group of 18-30 years old, 24 patients in the age 
groups of 31-40 years and 41-50 years, 23 patients in the 
age group of 61-70 years old and 18 patients in the age 
group of 51-60 years. 

In group G2 with 186 patients, age group distributions 
shows a number of 77 patients in the age group of 51-60 
years, 63 patients in the age group of 41-50 years, 22 
patients in the age group of 31-40 years, 18 patients for the 
age group of 61-70 years and 6 patients in the age group of 
18-30 years. 

Results and discussions 
Pain evaluation was performed by applying the VAS scale 

for both groups. 
From the data obtained, it has been found that pain 

decreased in the patients treated with 
Diclofenac gel (Voltaren) using ultrasound, having 

statistically significant values in group G2 in which 
ultrasound was applied (p = 0.049904) compared with G1 
(p = 0.061505) 

Improving patient quality of life is the goal of the recovery 
programme and it was evaluated by using the Quality of 
Life Scale-QOL. 

The data show improved quality of life in patients 
receiving treatment with Voltaren gel using ultrasound, 
where p is statistically significant (p = 0.45272) versus 
group G1 without application of ultrasound, where p is not 
statistically significant (p = 0.085921). 

There have been found highly significant differences 
between scores means, as well as between the values of 
standard deviation calculated for the 2 groups. 

 

 

 

 

Fig. 2. Age group and gender distribution in 

groups G1 and G2 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Age group distribution of groups G1 and G2 
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Table 2 

STATISTICAL RESULTS IN 

GROUPS G1 AND G2 AFTER 

APPLYING THE VAS SCALE 

 

 

 

 

 

Table 3 

STATISTICAL RESULTS IN THE 

GROUPS G1 AND G2 AFTER APPLYING 

THE QOL SCALE 

 

 

There are no significant differences in scoring for female 
and male gender. 

None of the patient reported on adverse events related 
to the application of therapeutic ultrasound [11]. 

Statistical results obtained meet the requirements of 
the study, namely, the application of ultrasound recovery 
programme and local NSAIDs allow a significant increase 
in the score during the recovery programme [17]. The 
biological effects of applying ultrasound are the outcome 
of ultrasound interaction with cellular structures, the 
resulting effects being dependent of wave characteristics 
(frequency, intensity) [18, 19]. 

Conclusions 
The groups taken into discussion, namely the group 

treated with ultrasound and the control group were 
homogenous in terms of demographic factors (age, 
gender). 

Applications of ultrasound (high frequency mechanical 
oscillations) bring about antalgic, anti-inflammatory, 
fibrolytic effects and, by the oscillating movement of tissue 
molecules, changes in cell membrane, fluid movements 
also occur. It has been also found a decrease in pain 
parameter and an increase in the quality of life index 
parameter. 

Application of topical NSAIDs enhanced by ultrasound 
allows for better absorption of the active substance 
compared with topical application by massage. 
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Magnesium is an essential nutrient for the living organisms and plays an important part in the prevention and 
treatment of many diseases. It is an enzymatic cofactor for more than 300 reactions. Magnesium is essential 
for regulating blood pressure, muscle contraction, cardiac excitability, insulin metabolism, vasomotor tonus. 
Studying the way in which serum magnesium concentration varies in children and adolescents in the Sibiu 
area according to the reference intervals we especially set for this area. The study is a retrospective one, 
using approximately 4900 data from the archives of the Medical Analysis Laboratory within the Sibiu Pediatric 
Clinical Hospital. Serum magnesium was dosed using the Konelab Prime 30i analyser. The data from the 

\  literature was used to compare the results. The reference ranges obtained in the current study were similar 
to the literature studied. The percentage of patients with magnesium concentration outside the reference 
ranges was roughly equal for all age groups. The difference was between 1 month and 2 year-old children 
with very few deviations from the reference range. The results of our study reflect more accurately the real 
reference range for the population in the Sibiu area, helping clinicians to establish a diagnosis as quickly and 
accurate as possible. These results were not significantly different from the literature studied. 

Keywords: serum, magnesium, children, adolescents 

 

Magnesium is an essential nutrient for the living 
organisms [1]; in the human body, it is the fourth most 
abundant mineral, with an important role in the prevention 
and treatment of many diseases [2]. 

An adult body (70 Kg) has about 25 g of magnesium. Of 
the total magnesium in the body, 30-40% is found in 
muscles and soft tissues [3-5], 1% is found in the 
extracellular fluid and the rest is in the skeleton and (50- 
60)% is located in bones [3, 5, 6] where, it is believed to 
form a constituent of the surface of the mineral component, 
hydroxyapatite (calcium phosphate). A small amount of 
magnesium is found in the plasma (1%), 25% is protein 
bound and the rest is found under the form of Mg2+. 
Magnesium along with the Na+, K+ and Ca 2+ ions regulate 
the mechanism of coagulation and neuromuscular 
excitability [3, 4]. Magnesium is a cofactor of many 
enzymes involved in energy metabolism, protein synthesis, 
synthesis of RNA and DNA [2], including synthesis of 
organic molecules, but also in glucose homeostasis and 
mineral metabolism [7]. 

Practically, Mg2+ is involved in all major metabolic and 
biochemical processes within the cell. Mg2+ is an essential 
component of RNA and DNA. In DNA, Mg2+ forms hydrogen 
bonds with the electronegative (O, N) elements to stabilize 
natural DNA conformation, called B-DNA. Also, by 
competition with monovalent ions, Mg2+ plays an 
important part in the secondary and tertiary DNA structure. 

When Mg2+ concentration is low, DNA is more prone to 
oxidative stress due to the accessibility of free oxygen 
radicals. 

Maintaining Mg2+ concentration within normal limits is 
essential for DNA stability. Mg2+ serves as cofactor for about 
600 enzymes, for about 300 enzymes it can act as an 
activator [6, 8-10]. 

In normal doses, magnesium is not toxic. Magnesium 
daily recommended intake for adults is about 300 mg/day. 
Magnesium deficiency is much more common than the 
problems caused by toxicity. Magnesium deficiency causes 
fatigue, irritability, nervousness, stiffening of the muscles, 
and concentration deficiency, which makes magnesium 
one of the most important essential minerals in the human 
body [11, 12]. Low plasma concentrations of Mg have been 
associated with impaired insulin action, glucose 
homeostasis, increased blood pressure, peripheral blood 
flow defects and electrocardiogram abnormalities [13]. 
However, recent reports estimate that a large proportion 
of the world’s population does not intake the amount of 
Mg2+ recommended daily. In recent years, the Mg2+ intake 
in fruits and vegetables has fallen by (20-30)%, because 
the soil used in agriculture is poorer in minerals, 
representing a part of this problem. 

Also, during food processing (80-90)% of Mg2 + content 
is lost. Also, a significant number of people prefer and 
consume more processed foods such as fast food, resulting 

  in Mg2+ deficiency [8, 9]. 
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In order to prevent magnesium deficiency, a balanced 
consumption of products containing magnesium is 
required, the recommended daily intake varying according 
to needs, making it difficult to accurately define the exact 
optimal intake [2]. Mg2+ is determined by measuring total 
serum concentrations. For a correct classification of the 
obtained results, it is necessary to establish correct 
reference ranges (lower and upper limits of analyze), for 
the population served, depending on the equipment and 
reagents used [14-18]. 

This is especially important for the pediatric population 
due to the changes that accompany the child’s growth 
and development [19]. 

Specific recommendations regarding the statistical 
methods by which reference ranges can be calculated are 
given by the International Federation of Clinical Chemistry 
(IFCC) and the Clinical Laboratory and Standards Institute 
(CLSI) [20]. 

Experimental part 
The study was conducted at the Pediatric Hospital in 

Sibiu. The study included the results for serum Mg 
concentrations collected for two years from the electronic 
records of the Medical Analysis Laboratory. The results 
come from admitted and ambulatory children and 
adolescents. Data from approximately 4900 patients aged 
between 1 month and 18 years and patients over 18 years 
of age were analyzed, divided into 4 categories, namely: 
one month-two-year-old children; 3 to 4 years old, 5 to 18 
years old, and the 4th category included patients aged over 
18 years. 

Blood samples for magnesium determination were 
collected by venipuncture in vacuum collection systems 
without anticoagulant. The harvested blood was allowed 
to stand at room temperature for 30 min, then centrifuged 
for 10 min at 3000 rpm, then immediately analyzed at 510 
nm wavelength on the Konelab Prime 30i analyser, 
checked with control serum (normal and pathological) and 
calibrator. 

To establish the reference intervals, the indirect 
Hoffmann method is the easiest to use because patients’ 
results from the database can be used. This method is 
widely described in the literature [13-17]. 

For the application of the Hoffmann method, first, there 
were eliminated the aberrant values [16]. After removing 
the values considered inappropriate, according to the 
Chauvenet criterion, the data was re-analyzed and the 
cumulative frequency was determined [15, 16]. The 
variation of the cumulative frequency was graphically 
represented according to the serum magnesium 
concentration values, and then the linearity of the straight 
line and the maximum deviation were determined by visual 
assessment. The equation of the regression line 
(Y

i 
= A · X

i 
+ B, by analyzing as few squares) was used, 

where A is the slope and B is the intercept of the line; By 
solving the equation of the straight line, the minimum and 
maximum values were determined given that the values 
must be within the percentile of 2.5 and 97.5 [16]. 

The reference ranges obtained in the present study were 
compared to other reference ranges in the literature. 

Results and discussions 
In the first stage of the study, the reference ranges for 

serum magnesium were established using the results of 
the laboratory’s electronic registers. 

Magnesium reference intervals in children under 1 
month old could not be calculated as a result of insufficient 
data given that, according to the Hoffmann method, a 
minimum of 120 data is required. 

The cumulative frequency according to the serum 
magnesium concentration values for different age groups 
is shown in figure 1. 

The regression function and the calculated reference 
ranges for magnesium by the Hoffman computerized 
method, involving indirect estimation of the reference 
ranges, are shown in table 1. 

By comparing our results with the reference interval 
declared by the Lothar Thomas - Clinical Laboratory 

 

 

 

 

 

 

 

 

 
Fig.1. Cumulative frequency based on magnesium 

concentration values for different age groups 
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Table 1 

REGRESSION FUNCTION AND REFERENCE RANGES 

CALCULATED FOR MAGNESIUM BY HOFFMAN 

COMPUTERIZED METHOD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Serum Mg concentration for 

different age groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diagnostics and the Roche Diagnostics Guidelines, it can 
be observed that the ranges obtained are very close to the 
reference ranges mentioned in the two publications, even 
if the age groups are divided differently. In the Lothar 
Thomas Guidelines - Clinical Laboratory Diagnostics, 

reference ranges are set for school-age children, the 
reference range being 0.60-0.95 mmol/L [21], and the 

Roche Diagnostics Guidelines publishes a reference range 
of 0.70-1.05 mmol/L for children and adults in general [22]. 

In the second part of the study, we will analyze the way 
in which serum magnesium concentration values obtained 
in the laboratory fall within the reference ranges. 

By studying the percentage of patients with magnesium 
concentration outside the reference ranges, it is observed 
that they are roughly equal for all age groups. 

There is a small difference in the patients aged 1 month 
to 2 years. Among these patients, there is a lower 
percentage of deviation from the reference ranges. This is 
explained by the fact that the baby takes Mg intake from 
the mother, by breastfeeding [3]. Also, if at birth, children 

have a sufficient amount of Mg, the reserve is not consumed 
until the age of 2. Often, in this age category, dietary 
supplements are also recommended or these supplements 
are added to the milk powder. 

We could not establish distinct reference intervals for 
girls and boys because there were no gender specifications 
in the database. However, a study conducted in the Hospital 
for Sick Children, Toronto, Canada and published in 2012, 
shows that these reference intervals do not vary according 
to gender [23]. 

It is important to monitor the level of magnesium in the 
child’s body because once the deficiency become chronic, 
it can contribute to the development of conditions such as 
diabetes [24-26], insulin resistance, cardiovascular disease 
and ADHD [27]. 

The serum levels of Mg2 + reflect only 1% of its content in 
the body, most of Mg2+ is stored in muscles, bones and soft 
tissues. Although serum Mg2+ levels are within normal range, 
the body may be severely deficient in Mg. 
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Table 2 

THE PERCENTAGE OF PATIENTS WITH MAGNESIUM CONCENTRATION OUTSIDE THE REFERENCE RANGES 

 

 

 

 

 

 

 

 

 

Conclusions 
To determine the diagnosis of hypo or hyper- 

magnesemia, it is important to accurately measure the 
magnesium concentration. Therefore, the availability of 
reference materials and methods is essential for 
standardizing and validating the magnesium measurement 
process. 

The Hoffmann method of establishing the reference 
ranges is easy to use when the medical analysis laboratory 
has a vast database, because patients’ identification data 
is not required to apply this method, so it is not necessary 
to obtain their agreement. 
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Alzheimer’s disease (AD) is a complex neuropsychiatric condition characterized by progressive cognitive 
symptoms.The social and psychological costs associated with the care of AD patients are very high; therefore, 
significant funds for research in this field are being invested worldwide. The accuracy of medical methods 
for establishing the diagnosis of AD with specific neuropathology is very important. Biomarkers can detect 
AD in their pre-clinical stage, monitor the disease progression, and detectmore objectively the treatment 
response. We performed a retrospective study of 100 patients admitted to the Gheorghe Preda Psychiatric 
Hospital of Sibiu with the diagnosis of Mild Cognitive Impairment and Alzheimer’s Dementia. The diagnosis 
was established according to the Diagnostic and Statistical Manual Disorders-4th edition criteria and the 
severity of the condition was determined by the Mini Mental State Examination. Our retrospective study 
revealed that in a certain period of time, most hospitalized patients with AD had the most days of 
hospitalization; they were patients in severe stage, due to the needs of multidisciplinary care and the 
multiple possibilities offered by medical staff. At present, AD research, in addition to finding therapeutic 
remedies in the clinical stages of AD, also aims at primary and secondary prevention strategies, including 
the detection of biomarkers in the pre-clinical stage of AD. 

Keywords:Alzheimer’s disease, diagnosis, amyloidplaques, protein 
. 

 

Alzheimer’s disease (AD) is a complex neuropsychiatric 
condition characterized by progressive cognitive 
symptoms and a very well-studied neuropathology 
consisting mainly in amyloid plaques and neurofibrillary 
tangles [1]. 

The accuracy of clinical methods for establishing the 
diagnosis of AD with specific neuropathology is rather low, 
with a sensitivity of 71 to 80% and a specificity between 44 
and 70% (according to the histopathological criteria used) 
[2]. 

For a more objective diagnosis, in the case of AD, we 
have several biomarkers: magnetic resonance imaging 
(MRI), Fluoro-deoxy-glucose positron emission 
tomography (FDG-PET) and proteins in cerebrospinal fluid 
(CSF) [3]. MRI and PET do not directly measure the 
neuropathological indicators of the disease, so the most 

Pathophysiology of Alzheimer Dementia 
Amyloid plaques are composed of amyloid fibrils with a 

surrounding of dystrophic neurites and activated astrocytes 
and microglia. The main protein of amyloid plaques is the 
A peptide. A is generated from A precursor protein 
(APP) when a  secretase cleaves to form c99, a 
membrane-bound C-terminal fragment [8]. Furthermore, 
c99 is cleaved by - secretase and generates A 40 and A 
42 [9]. The aggregation of A peptides is enhanced by 
excess free amount of Zn, Fe, Cu, Al. 

An imbalance between the production and clearance 
or degradation or clearance of A in the brain [10] is the 
initiating event in AD. A peptides are promising candidate 
biological markers because they may exist in solution and 
can be detected in CSF and plasma [11]. Further reactive 
oxygen species (ROS) and inflammation promotes loss of 

valid measurements remain those of Amyloid  protein synaptic integrity, neuronal death and progressive 
(A ),phosphorylated tau protein (p-tau) and total tau neurodegeneration [12]. 

protein (t-tau) in CSF [4]. 
Biomarkers can detect AD in their pre-clinical stage, 

monitor the disease progression, detect treatment 
response more objectively [5]. 

According to WHO statistics, in the period 2000-2010, 
the number of deaths due to AD increased by 68%, while 
other diseases, including cardiovascular diseases and 
cancer decreased [6]. The social and psychological costs 
associated with the care of AD patients are very high; it is 
expected that in the United States, it will exceed $ 1 trillion 
by 2050 [7],therefore, significant funds for research in this 
field are being invested worldwide. 

Neurofibrillar y tangles are formed by the hyper 
phosphor ylation and aggregation of tau protein of 
numerous serine and threonine residues [13]. The tau 
protein is a constituent of neuronal microtubules which 
are cell structures responsible for the motility of proteins 
and organelles within the neuron [14]. Abnormal tau 
hyperphosphorylation deposits in AD are observed within 
neurons, NFTs, or dystrophic neurites present in neuritic 
plaques [15]. Because of aberrant phosphorylation, tau 
protein cannot bind and stabilize the microtubules, which 
is likely to induce axonal [16]. 

There was no correlation between the amount of 
amyloid plaque and the level of dementia. Certain patients 
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who were diagnosed with AD did not show amyloid 
plaques, whereas in cognitively healthy individuals, amyloid 
plaques were not identified at autopsy. At the same time, 
the existence of the amyloid plaque in patients presenting 
preclinical AD can be excluded. Amyloid plaque formation 
is believed to mark the event of generating more toxic and 
soluble forms of A. T-tau is a good predictive marker to 
make a difference between stable Mild cognitive 
impairment (MCI) and MCI that converts to AD with a 
sensitivity of 90% and 100% specificity. The cognitive 
decline in MCI patients correlates with P-tau concentrations 
in CSF [17]. Also, the increased level of T-tau in CSF also 
reflects the severity of dementia [18]. 

Evolution of assessing biomarkers in Alzheimer disease 
Because CSF is in a contact with cerebral tissues, then 

the pathological brain changes can be reflected as a source 
of biomarkers [19]. The term biomarker was described as 
any neurochemical indicator that is used to diagnose 
Alzheimer’s disease in the clinical and pre-clinical disease 
stages [20]. A42and t-tau have been considered as 
diagnostic biomarkers as follows: T-tau levels are elevated 

In order to differentiate between AD and other forms of 
dementia, the p-tau /A42 or t-tau/A42 ratio is used, with 
a sensitivity of up to 92% and a specificity of up to 86%. The 
ratio between A42 and p-tau is significantly lower in AD 
patients compared to those with vascular dementia [41]. 
According to the report issued by the Working Group on 
Biomarkers in AD, demonstrating the validity of a biomarker 
if the sensitivity and specificity are greater than 80%, this 
study showed that the discrimination between AD and 
vascular dementia can be made based on the ratio between 
A42 and p-tau(20). This ratio also helps distinguishing 
between AD and FTD, PD, but it is not as clear in the case 
of dementia with Lewy bodies and vascular dementia [42]. 
Another utility of the mentioned biomarkers is to predict 

the conversion of MCI to AD. Thus, low A42 and increased 
t-tau or p-tau have also shown their accuracy in the 
distinction between normal aging and AD (> 85%) and 

have a good predictive value in predicting MCI conversion 
to AD (> 90%) [43]. Another role of biomarkers may be to 
establish thedynamics of NFT development in the 
preclinical stage. Thus, p-tau growth at S262 or S181 

appears early in NFT development, and S396 level rise 

and A levels decreased in CSF of AD patients [21]. 
Decreased A42 levels in AD are believed to be caused by 
deposition of A42 in senile plaque [22]. 

These biomarkers were measured using the ELISA 
technique, including a T-tau protein assay that measures 
all of tau protein isoforms [23], respectively of the 
phosphorylated tau protein at the level of threonine-181 
[24] and the 42-amino acid forms of A [25]. 

The first trials that examined CSF A level focused on 
the total A in CSF and did not distinguish between the A 
isoforms. Some studies have shown a slight decrease in 
total A [26] or have not detected any change in the total 
Aâ level in AD [27]. There are two main variants of Aâ: the 
shorter version presenting Val-40 (A40) at the C-terminus 
end and the longer variant having Ala-42 (A42) at the C- 
terminus end. Of these, A42 was found to aggregate 
much faster than A40, being the predominant form found 
in the amyloid plaques [28]. 

The first study assessing CSF A beta 42 levels showed 
significantly lower levels in AD patients relative to controls. 
Because A beta 42 is preferentially deposited in brain tissue 
of patients with AD, it is suggested that this reduction is 
due to the diminished clearance; in addition, tau levels 
were increased in AD patients. Neither A beta 42 nor tau 
levels were apparently influenced by the ApoE genotype 
[29]. 

Subsequently most studies have confirmed these 
findings [30]. Increased CSF A42 levels in mild AD and its 
decline has been registered with the disease progression 
[31] and with brain atrophy [32]. 

The first study of the T-tau protein in the CSF as a 
biomarker for AD revealed an increased marked level of 
this one in AD [33]. At least 30 phosphorylation sites of tau 
protein have been identified. Several studies showing a 
marked increase in CSF P-tau targeted phosphorylation of 
several epitopes, such as threonine 181 + 231 [34], 
threonine 181 [35], threonine 231 + serine 235, serine 199 
[36], threonine 231 [37]. 

In a study evaluating the combination of CSF P-tau 181 
and A42, the sensitivity was 86% and the specificity was 
97% [38] in another combination, T-tau and P-tau 396/404 
had a sensitivity of 96 and 100% specificity [39]. 

The T-tau protein in CSF reflects the neuronal and axonal 
degeneration, so the higher values are recorded in stokes, 
i.e. Creutzfeld-Jacob disease [40]. 

occurs in advanced stages [44]. 

Links between the biomarkers and clinical features in AD 
In 1984, NINCDS-ADRDA criteria have been issued 

presenting the criteria for Probable AD dementia, Possible 
AD dementia, Probable or possible AD dementia with 
evidence of the AD pathophysiological process [45]. These 
criteria aimed at the dementia syndrome containing the 
classical clinical features of AD as well as the exclusion of 

other causes of non-degenerative dementia. 
Regarding the Possible AD dementia with evidence of 

the AD pathophysiological process, the review of the 
clinical criteria took into account the measurement of the 
following biomarkers: A42 low in the CSF, increased tau 
in the CSF (tau and p-tau), MRI showing cortical atrophy in 
the medial, basal, temporal lateral and medial parietal 
cortex, PET showing the decreased capture of fluoro- 
deoxy-glucose in the temporo-parietal cortex [46]. 

The guideline recommended by The National Institute 
on Aging and Alzheimer’s Association (NIA-AA) makes a 
very important assumption about the preclinical stages of 
AD. In stage 1, asymptomatic amyloidosis is evident by 
increased PET A ligand binding and low CSF Ab1-42 levels. 
Stage 2 includes neurodegeneration evidenced by neuronal 
dysfunction based on neuroimaging (PET, MRI) high CSF 
tau or p-tau concentrations cortical thinning and 
hippocampal atrophy (MRI). Stage 3 is evidenced by 
amyloidosis, neurodegeneration, and subtle cognitive 
decline as evidenced by mild change from baseline 
cognitive function that does not meet criteria for MCI [47]. 

Experimental part 
We performed a retrospective study of 100 patients 

admitted to the Gheorghe Preda Psychiatric Hospital of 
Sibiu with the diagnosis of Mild Cognitive Impairment and 
Alzheimer’s Dementia. The diagnosis was established 
according to the Diagnostic and Statistical Manual 
Disorders, 4th edition (DSM IV) criteria and the severity of 
the condition was determined by the Mini Mental State 
Examination (MMSE). Of the total of 100 patients studied, 
52% were males and 48% were females, 54% of the 
patients were rural and 46% were urban. 

Results and discussions 
It can be seen that of the majority of patients in the age 

group of 55-65 years, most patients are in the prodromal 
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Fig.1. Patients’ repartition according to age and stage of 

disease 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig.2. Patients’ repartition according to the stage of disease 
 

Fig.3. Patients’ distribution according to the number of 

hospitalization days and stage of disease 

 

phase (MCI); In the age group of 66-75 years, most patients 
are in the middle stage; In the 76-85 age group, most of 
them are in the middle to severe stage and in the age group 
of 86-85 years, most patients are in a severe stage. 

It can be seen that out of a total of 100 patients, most 
are in the middle (37%) and severe (32%) stages. 

Our study reveals that there are an increased number of 
patients with moderate and severe Alzheimer’s Dementia, 
and also an increased number of days of hospitalization in 
these patients. 

Moderate dementia is associated with loss of ability to 
perform daily activities and requiring patient placement in 
a care center, which requires very high costs for society. In 
this respect, much research focused on one hand, on finding 
biomarkers to reveal the conversion of MCI to AD and the 
progression of mild dementia into moderate dementia. 

In mild cognitive impairment, a cognitive disorder that 
is considered an intermediary stage between normal aging 
and AD, values of the biomarkers in CSF detectable in AD 
A42, tau and p-tau were found at intermediate levels 
between the values found in AD cases and in control cases 
[48]. 

Overlapping values were found in patients with MCI 
versus those with AD, two thirds of those with MCI having 
the same biomarker profile as AD patients, one third of 
them having normal values [49]. 

The increase in protein t-tau is very high in disorders 
with intense neurodegeneration, as in Creutzfeldt-Jakob 
disease. However, most cross-sectional studies do not 

describe any association between tau protein levels and 
the stage of dementia. However, most longitudinal studies 
have focused on the distinction between AD and control 
cases or cases with MCI, based on changes in tau protein. 
In a study aiming at the relationship between tau protein 
levels in CSF and the time the person gets in a care center 
(NHP), it has been highlighted that elevated levels of tau 

protein (> 900 ng / L) have been associated with the 
increased rate of conversion to moderate dementia, both 
from the preclinical stage and from the MCI stage [50] 
(fig. 4). 

This study reveals an association between the rapid 
decline of the disease and the high levels of tau protein in 
the CSF, more than in the case of A42 or p-tau, which 
could indicate in the future, its selection as a predictive 
marker for an aggressive neurodegeneration. 

 

Fig. 4. CSF t-tau associated with the highest risk of being 

institutionalized [50] 

Conclusions 
Although A42, tau and p-tau measurements in the CSF 

can be performed in the clinical setting in the United States 
and some European countries, still, they are not part of the 
clinical criteria of AD according to DSM IV. Other diagnostic 
systems such as NINCDS- ADRDA and NIA-AA included 
biomarkers measurement in both AD and MCI diagnosis 
and of the preclinical stage. The area of biomarkers 
research now extends to their identification and 
measurement in plasma as well, which can facilitate even 
more the investigation of the biomarkers. 

The medical objectives in the AD are to detect the 
disease at an early stage, both from the point of view of 
clinical symptoms and with the use of scientifically 
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validated biomarkers. Our retrospective study revealed that 
in a certain period of time, of the patients hospitalized with 
AD, most patients and who had the most days of 
hospitalization were patients in severe stage, due to the 
needs of multidisciplinary care and the multiple possibilities 
offered by medical staff [51]. So that, visual impairments, 
hearing loss, osteoarthritis [52], clinical conditions like 
urinary tract infections, pneumonia, or heart failure or 
sentinel events (e.g., eating difficulties, recurrent infections, 
hip fracture, stroke) influence severly the quality of life and 
prognostication [53]. 

At present, AD research, in addition to finding therapeutic 
remedies in the clinical stages of AD, also aims at primary 
and secondary prevention strategies, including the 
detection of biomarkers in the pre-clinical stage of AD. 
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Low back pain (LBP) is a disease with a high socio-economic and medical impact. Recovery treatment is 
complex and includes medication (NSAIDs, analgesics, muscle relaxants), physiotherapy and kinesiology. 
Ultrasound is one of the electrotherapy procedures applied due to its analgesic effects, muscle relaxing 
properties and massage. The study assesses the evolution of temperature and the number of red blood cells 
after the application of ultrasound of different intensities and ways. The results are statistically significant for 
some parameters. Limitations of the study are determined by the relatively small number of study patients, 
but the results could form the basis of further research. 

Keywords: ultrasound, study, physiological parameters 

 

In physiotherapy practice, back pain is the most 
common complaint, affecting most adults [1]. The 
treatment is based on rest, administration of nonsteroidal 
antiinflammator y drugs, medical gymnastics and 
application of physiotherapy procedures [2]. 

There is an increasing trend in the use of ultrasound in 
the management of pain [3]. 

Ultrasound used in this therapy is based on mechanical 
waves that oscillate at a frequency of 8x105 Hz and when 
applied to the target tissue, they produce mechanical, 
thermal, chemical and biological effects. The biological 
effects of ultrasound depend on the applied intensity [4]. 
The most common are: increased cell membrane 
permeability, vasodilation and hyperemia in connective 
tissue. 

Depending on the dose and duration of administration, 
ultrasound can produce reversible or irreversible effects at 
tissue level, but also effects on oxidant/antioxidant balance 
[5]. Of the physiological effects of ultrasound, we mention: 
fibrolytic effects and cell membrane permeability, 
increased redox processes accompanied by local 
vasodilatation, analgesic-like effects, anti-inflammatory 
effects due to mechanical vibrator response, local 
vasodilation by stimulating blood circulation [6]. 

Low back pain is manifested by the appearance of 
muscle contraction and nerve impulse transmission 
problems. Calcium and magnesium ions play a vital role in 
these events, being necessary to determine total calcium 
and magnesium in serum [7, 8]. 

The ultrasounds influence the periosteal reconstruction, 
affecting vasodilation, venules formation and vascular 
permeability [9][. 

Red blood cells are the most numerous cells in blood, 
being needed for tissue respiration. They contain 
hemoglobin which, in normal circumstances, represents 
33% of the content of erythrocytes. Reference range for 
red blood cells is 4.5 to 5.5 x 106 / mL, but it should be 
noted that this range varies by geographic area, age, diet, 
climate zone [10]. 

There are contraindications to ultrasound treatment 
when patients have skin allergies, dermatitis or skin 

hematoma or when they have already participated in other 
forms of complementary physiotherapy [11]. 

Experiemntal part 
We aimed at studying ultrasound effects in the treatment 

of low back pain recovery. The equipment used for the 
application of ultrasound was the Chattanooga combine. 

The study was retrospective and included 65 patients 
aged between 18 and 60 years with acute onset of LBP 
and who came to the doctor for diagnosis and treatment. 

Recovery treatment included medication (NSAIDs, 
analgesics, muscle relaxants), physiotherapy and 
kinesiology. All patients received the same medication. 

Also, the same kinesiology procedures were applied to all 
patients. 

Group 1 consisted of 31 patients who received 
continuous ultrasound in direct coupling using neutral gel. 
US treatment was applied in the first 5 days with an intensity 
of 0.3 W/ cm² and in the next 5 days with intensity of 0.7 
W/ cm². 

The second group, consisting of 34 patients was treated 
with pulse-mode US in direct coupling using neutral gel. 
US were applied in the first 5 days with an intensity of 0.3 
W/ cm² and in the next 5 days, with the intensity of 0.7W/ 
cm². 

Variables and time of measurement were identical in 
both groups. 

It has been determined the number of red blood cells in 
peripheral blood before exposure to ultrasound, after 5 days 
of treatment and at the end of the 10 days of exposure to 
US. Skin temperature was also measured immediately 
after the end of ultrasound therapy. To determine the 
temperature, contact infrared thermometer was used. 

For the dynamic assessment of the number of red blood 
cells, peripheral blood was collected which was analysed 
in an accredited medical laboratory. 

Initial moment (IM) is the baseline at which values were 
collected before treatment. 

F1 is the time, 5 days after treatment, when temperature 
readings and the number of red blood cells are collected, 

 
 

* email:bety_antonescu@yahoo.com All authors have equal contributions to the study and the publications 

1306 http://www.revistadechimie.ro REV.CHIM.(Bucharest)68No. 6 2017 

mailto:bety_antonescu@yahoo.com
http://www.revistadechimie.ro/


 

at the end of applying US of an intensity of 0.3 W/ cm² and 
at the beginning of applying the dose of 0.7 W/ cm². 

F2 is the time, 10 days after treatment, when 
temperature readings and the number of red blood cells 
are collected, at the end of applying US of 0.7 W / cm². 

Results and discussions 
Demographic data of the study groups G1 and G2 are 

shown in the (fig. 1). 
For G1, the number of red blood cells in peripheral blood 

was determined before exposure to ultrasound (IM) after 
5 days of treatment (F1) and at the end of 10 days of 
treatment (F2) (table 1). 

Also, the temperature was measured in three significant 
moments for our study. 

Skin temperature, measured by direct contact, increased 
from 33.80C to 37.10C by applying continuous ultrasound of 
different intensities (table 2). 

For group G1, the number of red blood cells in peripheral 
blood was determined before exposure to ultrasound (IM), 
after 5 days of treatment (F1) and at the end of 10 days of 
treatment (F2) (table 3). 

For group G2, skin temperature was measured in those 
three significant moments of our study. 

Skin temperature, measured by direct contact, increased 
from 33.8 to 37.10C by applying pulse-mode ultrasound of 
different intensities (table 4). 

If we study the evolution of student t-test values for the 
two groups of patients, we will get the values presented in 
table 5. 

For G1, where continuous ultrasound was applied, 
evolution of temperature parameter between IM and the 
end of treatment (F2) was extremely statistically 
significant. 

In group G2, where pulse-mode ultrasound was applied, 
the evolution of temperature was statistically significant 
only after applying ultrasound of a higher intensity. 

Analysing the evolution of the number of red blood cells 
parameters in G1, we note that it is statistically significant 
at F1 and extremely statistically significant at end of 
treatment (F2). 

Evolution of the number of red blood cells parameter is 
statistically significant in group G2. 

Student t-test that compares the results obtained for G1 
for different time intervals, measurements, shows 
statistically significant results for all moments. 

For G1, temperature increase during treatment is 
accompanied by decreasing the number of red blood cells. 
After applying student t-test to compare the final results 
obtained for the two groups G1 and G2, (fig. 2) we note a 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Distribution of groups G1 and G2 according 

to gender 

 

 

 

 

 

 

 

Table 1 

EVOLUTION OF THE NUMBER OF RED BLOOD CELLS PARAMETER IN GROUP G1 

 

 

 

Table 2 

EVOLUTION OF 

TEMPERATURE PARAMETER 

IN GROUP G1 
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Table 3 

EVOLUTION OF RED BLOOD 

CELLS PARAMETER IN GROUP 

G2 

 

 

 

 

 

 

 

 

Table 4 

EVOLUTION OF TEMPERATURE 

PARAMETER IN GROUP G2 

 

 

 

 

 

 

 

Table 5 

EVOLUTION OF 

STUDENT-T TEST 

VALUES IN 

GROUPS G1 AND 

G2 

 

 

 

 

 

Fig. 2. Evolution of student-t test values in groups G1 and G2. a. Temperature b. Number of red blood cells 

 

statistically significant link, with p-value <0.05, both for 
skin temperature measurements and for red blood cells. 

Conclusions 
The two study groups were homogeneous in terms of 

number of patients and gender. 
Comparing the evolution of studied parameters, due to 

exposure to ultrasound applied in different modes: 
continuous and pulsed, it has been found a lower number 
of red blood cells and increased local temperature. 

Upon temperature increase during ultrasound treatment, 
metabolism intensification occurs which causes a transient 
reduction in the number of red blood cells, reduction that 
occurs in the collected data as a false decrease. 

Limitations of the study are given by the small number 
of patients included in the study, longer-term clinical trials 
being required to verify the persistence of effects brought 
by ultrasound therapy for clinical improvement. 

Most often, pulse-mode ultrasound is used due to the 
fact that the effect is more easily controllable and less 
thermal effects occur. 
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The Reference Intervals Used in Pediatric Medical Analysis 

Laboratories to Interpret the Results Analysis for Total Serum Calcium 
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Medical analysis laboratory must establish its own reference intervals depending on the facilities they are 
working with, the working substances and protocols. These reference intervals must be obtained depending 
on age groups in order to accurately interpret the results of the analyzes performed. The study is a retrospective 
one using 3217 data from the electronic archive of the S.C. Vladutiu & Garabedian S.R.L. Clinic in Medias. 
Total serum calcium was determined by the colorimetric method on the Konelab analyzer. Processing of the 
collected data was done using the Hoffmann method, considering 5% up to 95% of the values in the 
database, the values being randomly selected. For comparison, data from the literature was used. In children 
under 1 year old, it was not possible to calculate the reference intervals since data was insufficient. In the 
other age groups, reference intervals obtained in the current study were similar to the studied literature. 
Reference intervals established for calcium can provide important guidance for the reasonable 
supplementation of this essential element in children. 

Keywords: reference interval, calcium, children 
 

 

The body skeleton contains about 99% of the total 
calcium, small amounts of this one are found in plasma 
and extravascular fluid. Very low calcium intake may 
contribute to the poor development of infants and rickets 
in children [1]. 

Demineralization processes in the oral cavity are 
strongly influenced by the salivary factor. The protective 
role of saliva is due to the salivary calcium concentration 
[2]. A serum total calcium test measures the total calcium 
in blood [3]. For the accurate interpretation of the results, 
knowledge of normal reference ranges is crucial as there 
may be differences from one area to another, depending 
on ethnicity, gender, age, mother diet in pregnancy, quality 
of the children’s diet, climate and seasons. 

Establishing reference intervals represents a powerful 
tool in laboratory medicine, providing valuable information 
for the correct interpretation of laboratory results and 
helping clinicians to make correct decisions [4, 5]. 
Determining the reference intervals is difficult to perform, 
being time consuming and expensive [4]. 

Hoffmann indirect method for determining the reference 
range can be used by any medical analysis laboratory which 
has an electronical stored database. This method is very 
convenient taking into consideration the fact that it 
eliminates the need to recruit healthy individuals as it uses 
the data that has already been collected and is available in 
the database [6]. 

Determining the reference range using other methods 
require the recruitment of healthy individuals from different 
age groups. Recruiting children and adolescents is 
particularly difficult because of all the changes that occur 
during their growth and development [7, 8]. 

Also collecting samples is difficult, especially from little 
children and infants, as they need to be feed at short time 
intervals. In addition, healthy volunteers need to be 
motivated to participate to such test, requiring their 
informed consent. The organizational costs would be very 
high [9]. 

Experimental part 
This study was conducted in the Biophysics and 

Biochemistry section of the Faculty of Medicine in Sibiu, in 
collaboration with the S.C. Vladutiu & Garabedian S.R.L. 
Clinic of Medias. Our team aimed to determine its own 
reference intervals for children and adolescents in Medias 
area (Romania) based on the laboratory equipment, 
working reagents and protocols used by us. We started 
from the hypothesis that there might be differences from 
other parts of the country or EU depending on the relief and 
climate which can influence the quality of food, depending 
on the education and traditions which can also influence 
some eating habits or depending on the diets of pregnant 
women and lactating mothers. 

The reference intervals obtained by us were compared 
with the ones in CALIPER studies [11, 12]. 

The sample of patients performed at the S.C. Vladutiu & 
Garabedian S.R.L. Clinic of Medias, included 3217 results 
from blood samples taken five years from children and 
adolescents. 

The study was made possible by the use of results of the 
electronic database of the laboratory [7, 10]. 

All samples of blood to determine serum calcium were 
collected by vein puncture into vacutainers without 
anticoagulant. The blood collected was allowed to stand 
at room temperature then centrifuged at 3000 rpm for 10 
min. The analysis of serum calcium levels was performed 
on Konelab analyser. This uses Arsenazo III reagent [11], 
which together with calcium ions form a strongly coloured 
complex which is measured by spectrophotometry at 660 
nm wavelength. 

Konelab analyser is calibrated and tested with calibration 
substance and control serum before performing the actual 
tests. The examinations are conducted only if calibration 
is within normal parameters [4]. As suggested by the 
manufacturer, daily, weekly and monthly maintenance, of 
the analyser is made. 
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Hoffmann indirect method uses the results from the 
database, subjects having minimal pathology, taking into 
account 5% up to 95% of the values obtained, the values 
being selected randomly [6]. Two hypotheses are 
considered [6]: the first involves that in the database of a 
clinical analysis laboratory, data for a given analyse forms 
a Gaussian distribution and the second says that most of 
the laboratory results represent normal individuals 
(healthy). 

The results used for the study were obtained from the 
electronic archive of the laboratory. 

There were analysed data from 3217 patients aged 1 
month and patients over 18 years old, divided into four 
categories, namely: 1-5 years of age; 6-10 years, 11-14 
years, and 15-20 years. Age groups were classified 
according to the organization of the Clinic, taking into 
account the age groups of the children. First, aberrant 
values were eliminated, according to Hoffmann method 
by using the Chauvenet criterion [6, 10]. 

After eliminating these values, cumulative frequency 
was established. 

Cumulative frequency is the arithmetic sum of frequency 
of a result of analysis F

Xj
, ordered by X

j 
[6, 10]. F

Xj 
is equal to 

the ratio between the number of occurrences of a result in 
the data set and the total number of data, all multiplied by 
100%. 

Cumulative frequency depending on calcium 
concentration values was represented on the chart and 
there was established the portion of the line linearity and 
maximum of deviation. 

The best equation of the regression is: 
Yi = Xi + A • B + Ei 

where: A is the slope, B is the intercept of the line and Ei is 
the error [6]. 

By solving the regression equation, there have been 
determined the maximum (V

max
) and minimum (V

min
) 

values, given that the values must be within the range 2.5% 
and 97.5% [10]. 

V
max

=A·97.5+B and V
min

= A·2.5+B 

Reference intervals obtained were then compared with 
those of CALIPER (Canadian Laboratory Initiative in 
Pediatric Reference Intervals) [11, 12] because the studies 
CALIPER used Arsenazo III reagent, as in our studies. 

Results and discussions 
Using these data sets, we established reference intervals 

for serum calcium in the selected patients per age groups. 
figure 2 indicates total calcium reference ranges for the 
age group of 1-5 years old. In the third figure, there are 
emphasized total calcium reference ranges for the age 
group of 6-10 years old. The fourth figure contains the graph 
showing total calcium reference ranges for the age group 
of 11-14 years old, and the figure 5reflects the graph 
showing total calcium reference ranges for children and 
adolescents of 15-20 years old. 

 

Fig. 1. The age groups 

Regression functions are marked on the charts and the 
reference ranges for serum total calcium was calculated 
using the indirect Hoffmann method (V

min 
and V

max
) [5]. 

There was made a comparison between the Calculated 
Reference Ranges and References Reported from 
CALIPER. 

 

 
Fig. 2. Cumulative frequency for total calcim concentration 

(1-5 years old) 

There was not possible to calculate reference intervals 
for children less than 1 year old because sufficient data 
was not available, minimum 120 data being needed 
according to Hoffmann method. 

For the age group between 1-5 years old, following the 
calculations, there were obtained reference ranges 
between 2.15 - 2.60 mmol / L for serum calcium levels, 
while in the studied literature, the reference intervals for 
this age group are relative to 2.30 to 2.60 mmol / L; so we 
can say that the lower limit were found to be slightly lower 
in the children within the current study. 

Regarding the age group between 6-10 years old, there 
have been obtained reference intervals of 2.18 - 2.58 mmol 
/ L, while in the CALIPER results, the reference intervals for 
this age group are relative to 2.30 to 2.60 mmol / L. 

 

Fig. 3. Cumulative frequency of total calcium concentration 

(6-10 years old) 

Children between the ages of 11-14 years, with linear 
regression and the regression function shown in figure 4, 
we obtained reference intervals ranging from 2.18-2.60 
mmol / L Comparing the results of our ranges of reference 
established by CALIPER (2.20 - 2.60 mmol / L), cannot see 
significant differences. 

For adolescents between the ages of 11-14 years, with 
linear regression and regression function shown in figure 
5, we obtained reference intervals ranging from 2.12 to 
2.52 mmol / L. Comparing our results with the reference 
interval stated in CALIPER (2.20 - 2.60 mmol / L), it can be 
seen that the lower and upper limit were found to be slightly 
lower in the adolescents within the current study. 

It should be noted that we have not calculated whether 
the difference between the values obtained by us and those 
found in the literature is statistically relevant because 
studies were not conducted in the same manner, using the 
same laboratory equipment. 
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Fig. 4. Cumulative frequency of total calcium concentration 

(11-14 years old) 
Fig. 5. Cumulative frequency of total calcium concentration 

(15-20 years old) 

 

 

 

 

Table 1 

COMPARISON OF THE REFERENCE INTERVALS 

CALCULATED FOR TOTAL CALCIUM AND REFER- 

ENCE RANGES REPORTED FROM CALIPER 

 

 

 

 

 

For all age group we obtained values almost identical 
with those stated in CALIPER raports [11, 12]. Reference 
intervals are specific for the population of Medias area, 
and for the method used in our laboratory. Although these 
are similar to those reported from CALIPER, additional 
focus is needed to establish the reference ranges 
personalized for our laboratory, conducting a study on a 
controlled population. 

Conclusions 
The values obtained in the current study need to be 

validated and only then can be used in our daily activity. 
The validation process needs healthy volunteers and 
because they are infants, informed consent is also 
necessary. These limitations must be addressed in order 
to use the results and move forward with this study. 

The most critical steps in determining the reference 
values are those related to the selection of healthy people, 
therefore Hoffmann indirect method is used, which serves 
to establish reference values using data from the database. 

The obvious advantage of this approach is that it 
eliminates the need to recruit healthy people instead taking 
advantage of hospital data which has already been 

collected and is available. 
The method presented by us for determining the 

reference intervals has the advantage of using existing data 
from our laboratory’s electronic database and there is no 
need to recruit new healthy individuals. 

All studies presented in specialized literature have been 
conducted in other countries, using different apparatus, 
reagents and methods, having different health policies and 
patients having different life-styles. All this factors could 
greatly affect the results. Despite those differences we 
mention that the results obtained are similar or identical 
with the ones presented by CALIPER studies. 

Acknowledgement: All authors have equal contributions to the study 

and the publications. 
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Abstract: Traumatic spinal cord injury is a life-changing condition with a significant socio-economic 

impact on patients, their relatives, their caregivers, and even the community. Despite consider- 

able medical advances, there is still a lack of options for the effective treatment of these patients. 

The major complexity and significant disabling potential of the pathophysiology that spinal cord 

trauma triggers are the main factors that have led to incremental scientific research on this topic, 

including trying to describe the molecular and cellular mechanisms that regulate spinal cord repair 

and regeneration. Scientists have identified various practical approaches to promote cell growth 

and survival, remyelination, and neuroplasticity in this part of the central nervous system. This 

review focuses on specific detailed aspects of the involvement of cations in the cell biology of such 

pathology and on the possibility of repairing damaged spinal cord tissue. In this context, the cellular 

biology of sodium, potassium, lithium, calcium, and magnesium is essential for understanding the 

related pathophysiology and also the possibilities to counteract the harmful effects of traumatic 

events. Lithium, sodium, potassium—monovalent cations—and calcium and magnesium—bivalent 

cations—can influence many protein–protein interactions, gene transcription, ion channel functions, 

cellular energy processes—phosphorylation, oxidation—inflammation, etc. For data systematization 

and synthesis, we used the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes 

(PRISMA) methodology, trying to make, as far as possible, some order in seeing the “big forest” 

instead of “trees”. Although we would have expected a large number of articles to address the topic, 

we were still surprised to find only 51 unique articles after removing duplicates from the 207 articles 

initially identified. Our article integrates data on many biochemical processes influenced by cations 

at the molecular level to understand the real possibilities of therapeutic intervention—which must 

maintain a very narrow balance in cell ion concentrations. Multimolecular, multi-cellular: neuronal 

cells, glial cells, non-neuronal cells, but also multi-ionic interactions play an important role in the 

balance between neuro-degenerative pathophysiological processes and the development of effective 

neuroprotective strategies. This article emphasizes the need for studying cation dynamics as an 

important future direction. 

 
Keywords: systematic review; cations; sodium; potassium; lithium; calcium; magnesium; iron; 

traumatic spinal cord injury 
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1. Introduction 

Spinal cord injury (SCI) is a harsh medical incident that frequently generates severe 

lifelong disability. SCI affects around 2.5 million people worldwide [1]. Traumatic SCI 

(tSCI) is a devastating neurological-dysfunctional complex disorder caused by various 

types of mechanical damaging events, such as falls, aggression/violence, and traffic and/or 

sports accidents [2]. 

Most human tSCI lesions are caused by the action of traction and/or compression 

forces on the spinal cord (usually associated with lesions—mainly fractures—of the spinal 

column). However, SCI can also happen in non-traumatic circumstances such as tumors, 

infections, and/or spondylosis, etc., [3]. In addition, the related age distribution shows that 

males are more prone to experiencing early and late adulthood tSCI, while—somewhat 

surprisingly—females have higher risks for such pathology during adolescence [4]. Cur- 

rently, we do not yet have the treatment able to cure this pathology [5]; therefore, its therapy 

is usually focused on supportive [6], mainly neuroprotective aims, and rehabilitative mea- 

sures [7,8], with, unfortunately, still minimal results. 

The spinal cord comprises various cells and nerve fibers in their specific microenviron- 

ment. Some of these include the ascending and descending tracts. As a result of a traumatic 

event, individuals with spinal cord injuries can experience various degrees of disability [9]. 

The cellular context of a tSCI immersed in a molecular and ionic microenvironment controls 

the formation of new synapses, the production of extracellular matrix molecules, the regu- 

lation of the maintenance and function of the blood–spinal cord barrier, and modulating 

actions at the synapses, such as the extracellular absorption of glutamate. 

The loss of synaptic connections of neurons with pre- and post-synaptic partners can 

determine the loss of specific function. The therapeutic strategies need to restore these 

connections, compromised in primary injury, which are described through the toothpaste 

tube theory (see Figure 1). After trauma, the morphology and gene expression of astrocytes 

can be seriously affected, and reactive astrocytes can take on new functional roles in 

the damaged tissue. Together with other types of cells, such as fibroblasts, can form 

scar-like structures around the damaged area. This process is known to support axon 

regrowth following spinal cord injury [10]. Detailed information about SCI morph-path- 

physiology [11], including biological mechanisms involved in its consequent damages’ 

evolution and (limited) repair mechanisms, is exhaustively presented in numerous research 

or review papers. 

 

Figure 1. General characteristics of the cellular biology of SCI (preparation based on [12–14]). 
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2. Materials and Methods 

This systematic review is based on the PRISMA methodology, by searching free 

full-text available papers written in English, which have appeared in the last five years, 

using specific keywords combinations (Table 1), in the well-known international databases: 

Elsevier, PubMed, PMC, ISI-Web of Science and Google. In addition, the inclusion criteria 

were fixed regarding pathology and interventions. Databases interrogation provided, 

initially, 207 articles. Appling the eligibility selection filters resulted in 51 unique published 

qualified studies. 

 
Table 1. The keywords combinations used for the contextual search in international databases. 

 

Specific Keywords in Title or Abstract Elsevier PubMed PMC ISI Google Total 

“Calcium” AND “Spinal Cord Injury” 21 29 19 6 4 79 
“Sodium” AND “Spinal Cord Injury” 9 13 7 8 3 40 

“Potassium” AND “Spinal Cord Injury” 4 7 2 3 11 27 
“Lithium” AND “Spinal Cord Injury” 5 2 9 7 5 28 

“Magnesium” AND “Spinal Cord Injury” 2 3 2 1 7 15 
“Iron” AND “Spinal Cord Injury” 0 0 6 0 0 6 
“Zinc” AND “Spinal Cord Injury” 0 0 8 0 4 12 

Total 41 54 53 25 41 207 

 

3. General Characteristics of the tSCI Cellular Biology 

Cells’ external and internal microenvironment [10] involves a cloud distribution of 

various ions, nutrients [15] (for example, sugars, fats, oxygen), and secreted (neurotrans- 

mitters, cytokines, hormones, etc.) and excreted molecules (carbon dioxide, metabolic 

by-products) in an aqueous medium [4]. Lesioned axons can not regrow/regenerate in the 

adult mammalian central nervous system (CNS) because of multifactorial endo- and exoge- 

nous conditions, including developing a post-injury non-permissive environment [16]. 

A primary injury is caused by a sudden and unexpected impact that dislocates or 

fractures vertebrae [17]. Although most tSCIs can completely functionally interrupt the 

spinal cord, some lesions can still allow a limited spinal cord function at/or below the 

injured level [18]. In addition, according to clinical observations, the primary injury phase 

can lead to the destruction of neural parenchyma with cellular deaths and loss of axonal 

network, associated with hemorrhage [16]. 

The secondary injuries are usually divided into acute, sub-acute, and chronic phases 

and are characterized by the loss of neurons and glial cells caused by a very extended and 

puzzling “cascade of secondary events” [19] calcium influx inside the cells, inflammation, 

ischemia/hypoxia—this complex reactive process affecting even the differential regulation 

of numerous genes in the spinal cord tissue [4]. 

In patients with tSCI, the lack of vascular supply can cause various pathophysiological 

effects, such as cytotoxic and vasogenic oedemas. The lack of water molecules can also 

cause cell death and promote cell destruction. In addition, the increasing permeability of 

the blood-spinal cord barrier can also cause the loss of water and ions from the cells [19]. 

This effect can then lead to the development of vasogenic edema. So, the acute secondary 

injuries have, as basic lesions, hemorrhage and inflammation. In this stage, a specific 

pro-inflammatory protein such as IL-6 can be found in the spinal fluid [20] and thereby 

may be considered a related structural injury biomarker. 

In the sub-acute phase, tSCIs encompass three tissue compartments with distinct 

cellular composition, represented by a central non-neural scar core, an astroglial scar 

border, and a surrounding zone demarcated by neural tissue [6]. Cell destruction is caused 

by various factors such as metabolic disturbances [21], ischemia [22]/hypoxia [23]. 

Astrocytes and microglia are local cells’ early responders—activated including toxic 

debris clearance. In addition, they can recruit pro-inflammatory cells by secreting various 

cytokines and chemokines. Astrocytes growing in the scar border of severely damaged 

tissue migrate and assemble into a scar network around the core tissue. The formation 
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of this scar border is usually completed in about 2 to 3 weeks after tSCI. The astrocyte 

scar borders can protect adjacent neural tissue. Unlike glia limitans borders, astrocyte scar 

borders are smaller and have few cell layers [6]. 

The central core of the spinal cord lesions is known as the fibrotic scar. It comprises var- 

ious immune cells and connective tissues, such as macrophages and stromal fibroblasts [24]. 

About 70% of the cells that populate the CNS are astrocytes, characterized by a star shape 

and providing support and physiological insulation to neurons. It is widely believed that 

the scar plays a dual role in developing SCI as both an inhibitory and protective mechanism. 

However, the complexity of this role has been underestimated. It is difficult to target the 

scar in therapeutic applications due to its dynamic nature. This is why it is essential to 

understand the role of the scar in the development of SCI [24]. 

The damage caused by spinal cord injury can lead to a cascade of bio-molecular events, 

which starts with tissue bruising or tearing caused by mechanical damage that leads to 

the disruption of the nerve fibers and blood vessels, deterioration of nerve and glial cells, 

ischemia, and tissue edema [25]. Following the initial impact, the various bio-molecular 

events, such as edema, inflammation, neuronal and glial necrosis, or apoptosis can spread 

beyond the initial site of injury, but ultimately generate a necrotic zone surrounded by 

glial/fibrotic scarring. The glial scar has the main role to stabilize the spread of secondary 

injury and acts as a chronic, physical, and chemo-entrapping barrier that, unfortunately, 

prevents axonal regeneration (Figure 1) [21]. 

4. Calcium and Cellular Biology of SCI 

Calcium performs many functions in the body. For example, calcium plays an es- 
sential role at the neuromuscular level in controlling excitability and releasing neuro- 
transmitters [26]. Calcium also has an enzymatic and hormonal role (second intracellular 
messenger), mediating cellular responses to many internal or external stimuli [27]. In addi- 
tion, calcium has a plastic role in the body through its insoluble combinations (skeleton) 

and a dynamic role through Ca2+ ions [28]. There is a close balance between these two 

forms of calcium: the decrease in blood Ca2+ is compensated by mobilization from the 
bones, and hypercalcemia produces increased storage in the skeleton, vessels, or increased 
elimination. An average amount of 9.5–10.5 mg% is found in blood plasma in three forms: 
(a) protein calcium (Ca proteinate = 4 mg%), a non-diffusible form of calcium; (b) ionized 

calcium (2 mg%), a diffusible form, biologically active; and (c) non-ionized calcium (crys- 

talloid = 4 mg%), also a diffusible form, represented by some complex combinations (i.e., 

calcium citrate, chelated complex). There is a constant balance between the fractions of 

non-diffusible and diffusible forms (ionic, crystalloid). The transition between them is 

typically achieved quickly, without altering the global level [27]. 

A significant number of metabolic processes are influenced by small changes in the 

concentration of extracellular calcium ions. These include excitability of nerve function and 

neural transmission [29]; secretion of proteins and hormones; coupling between excited 

cells and effector cells; cell proliferation; blood coagulation; maintaining the stability 

and permeability of cell membranes; modulation of activity, especially of those enzymes 

involved in glycogenolysis; mineralization in bone repair [28]. 

Following spinal cord injury, primary mechanical trauma can cause cell swelling and 

lysis, increasing the extracellular Ca2+ concentration [30]. This phenomenon leads to the 
development of excitotoxicity (Figure 2). In addition, an increase in extracellular glutamate 

can also lead to an influx of Ca2+ into neurons. The Ca2+ pathway is controlled by various 
subcellular localized channels and pumps proteins. Therefore, these components can also 

be used to control the dynamics of Ca2+ storage [13]. 
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Figure 2. Ionic microenvironment and bio-molecular influenced processes in tSCI. There are presented 

successive “zoom images” (as follows the black arrows) starting from the tissular view of the injury 

to the intracellular level of the ionic microenvironment, pointing to the main biological processes 

influenced by the ions dynamics. The Ca2+ pathway is controlled by various subcellular localized 

channels and pumps proteins. Therefore, these components can also be used to control the dynamics 

of Ca2+ storage (figure preparation is based on [31]). 

The differential regulation of genes triggers late injury responses. Some of these effects 

can affect the cell’s metabolism [7]. The increased release of Ca2+ and glutamate can also 
damage the white matter cells and myelin. In addition, the activation of the N-methyl-D- 

aspartate receptor (NMDA) can also lead to the accumulation of Ca2+ in the cytoplasm. 

This can cause the death of specific cells in the first week following an injury. Ca2+ overload 

in the mitochondria can also reduce ATP production and decrease the Na+/K+ ATPase 

levels [7]. Ca2+ overload in the mitochondria can also cause the production of nitric oxides 
(NO) and free radicals. It also can lead to mitochondrial permeability transition pores 

(mPTPs), increasing the water and oxygen influx within a cell’s mitochondrial matrix [32]. 

An increased concentration of Ca2+ can also lead to the activation of the poly ADP 
ribose polymerase-1 (PARP1) enzyme. This protein is a regulatory enzyme that helps 

maintain DNA integrity during cell death. The depletion of NAD+ by PARP can cause 
the failure of glycolysis and cell death. It can also induce the release of a cyclic protein 

known as AIF, leading to cell death [20]. In addition, Ca2+ increases the levels of various 
calcium-dependent enzymes, stimulating the production of lipases and other enzymes [33]. 

The calcium signaling pathway is a significant component of the survival of neu- 
rons [34]. Conversely, after SCI, the disrupted calcium can lead to the onset of neurode- 

generation [35]. Ca2+ overload is a significant inducer of axonal injury. Ca2+ can enter 
injured axons through mechanopores or nanopores [36]. This accumulation activates 
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Ca2+-dependent enzymes and phosphatases that can cause axonal loss and cytoskeletal 
disassembly. The upregulation of IP3R is known to cause axonal damage in the spinal 
cord [37]. Within the first minutes after an injury, a secondary cascade of damage occurs [38]. 
This stage of injury can last for weeks or months, and its damaging effects are comparable 
to those of the initial insult. In the first few minutes following spinal cord injury, various 

processes such as oxidative stress and lipid peroxidation can impair the function of Ca2+ 

pumps and cell membranes. Axons have a Ca2+ buffering system that removes the excess 

Ca2+. However, when the amount of Ca2+ gets too toxic, this system can fail [38]. The 
excessive release of ATP after a spinal cord injury can also be triggered by activating the 

high-affinity purinergic receptors [39]. This signaling system can also contribute to the Ca2+ 

influx [37]. Ca2+ can enter the axoplasm through various pathways [26]. 

Ca2+ dysregulation is a key step in this patho-physiological cascade [38]. Unfortu- 

nately, the field of Ca2+ dynamics, despite developed electrophysiological and imaging 
techniques, is not well-supported due to the lack of sufficient evidence supporting its harm- 

ful effects [33]. The results of Ca2+ overload on the cells can have long-term detrimental 

effects. Even mild Ca2+ elevations can increase calcium levels and trigger the production 

of reactive oxygen species (ROS) [13]. However, it is not well known if the increased Ca2+ 

levels cause cell death or if it results from the depolarized mitochondria [40]. 

5. Sodium and Cellular Biology of SCI 

Sodium (Na) is a monovalent cation from the same group as Li, K, Rb, and Cs. Sodium 
is the most important element of the alkaline metals group. In animals, sodium ions 
generate an electrostatic charge on cell membranes. This allows the transmission of nerve 

impulses. Its level is controlled by aldosterone. The Na+ balance is maintained by the 
diffusion of other substances through the membranes [41]. 

The total quantity of sodium in the body of an adult male is around 92 g, of which half 
is located in the extracellular fluid at a concentration of 135–145 mmol/L, about ten percent 

is found in the intracellular fluid at the concentration of ∼10 mmol/L, and the rest is located 

in the skeleton [42,43]. Different factors, such as metabolic and osmotic factors, interact 

to maintain the sodium balance [44]. Low sodium levels are uncommon but can usually 

be caused by certain medications that make people sweat or vomit excessively [45]. The 

increased calcium and sodium concentration promotes the development of cytotoxic edema 

and intracellular acidosis. It also triggers the extracellular release of the neurotransmitter 

glutamate [46]. 

When glutamate is bound to the kainate or AMPA channels, it can also cause voltage- 

dependent depolarization. This can increase the cell’s intracellular Na+ concentration. 
Excessive sodium accumulation in the extracellular space can disrupt the cell’s osmotic bal- 
ance [47]. This can increase the cell’s water consumption. Free radicals [48] can also disrupt 
the cellular processes by generating ROS. This can then lead to the cell’s programmed death. 
A high sodium concentration can also lead to the development of edema and intracellular 

acidosis. It can also cause the excessive accumulation of Ca2+ and Na+ into the cell. Like 

the K+ channels, the Na+ channels are also found within the myocytes and neurons. They 
are known to generate action potentials and are also affected by SCI [42]. 

Studies show that Na+ plays a secondary role in the cell migration process. Elec- 

trochemical gradients of sodium (Na+) can drive the transport of ions and sugars in 
non-excitable cells. These gradients can also be used to move these solutes across plasma 
membranes. An increase in the sodium in our body can trigger various signaling cascades 
that regulate post-translational events. If sodium concentration is elevated in our bodies’ 
fluids and extracellular spaces, our cells have an inward concentration gradient [42]. It 
generates a membrane potential across plasma membranes and can stimulate long-distance 

neuronal communication. Besides Na+ involvement in the generation of action potentials, 
it can also trigger a signaling cascade that can elicit a mitogenic response. The human body 
contains thousands of signaling molecules. This intercellular communication serves as the 
main component of basic cellular activity. 
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The Na+/K+ ATPase is an ion pump that uses the energy produced by the hydrolyzing 

of an ATP molecule to transport 3 Na+ out of a cell and 2 K+ into the cell. Aside from being 

an ion pump, studies have shown that the Na+/K+ -ATPase can also function as a signaling 
transducer and a multi-protein scaffold, activating protein kinase signaling [42]. 

The Na+/Ca2+ exchanger utilizes the net flux of three or one Ca2+ ions to transport 

the three Na+ ions across the cell membrane. The resulting Ca2+ extrusion can be initiated 
in two different directions: forward or reverse. 

The Na+/H+ exchange is involved in the regulation of cell volume. When exposed 
to hypertonic conditions, cells rapidly lose water and shrink to an equilibrium inside or 

outside osmolarities [42]. 
Na+ channel blockers can help protect neurons by reducing cellular swelling and 

enhancing membrane integrity. In addition, they can also prevent cellular death caused 

by the excessive release of glutamate. Riluzole is a neuroprotective drug that blocks the 

excessive sodium influx into the central nervous system [49]. It is believed that a sodium 

channel blockade can preserve the white matter of the spinal cord. It can also prevent the 

activation of the sodium hydrogen antiporter system and reduce glutamate release. It has 

been shown to reduce the effects of excitotoxicity and neuromodulation in patients with 

spinal cord injuries [49]. 

6. Potassium and Cellular Biology of SCI 

The human body has about 140 g of potassium, 97% at the intracellular level [50]. The 

presence of potassium in the cell membrane is known to maintain the normal function 
of the cell [51]. A tilt in this balance can cause various diseases to develop. Electrolyte 
balance [52] is crucial for the body’s general functioning [48]. The equilibrium between 

the body’s electrolyte and water balance is maintained through a series of homeostatic 
mechanisms. It is characterized by the existence of both intracellular and extracellular 

fluid [51]. Homeostasis involves the movement of potassium from inside the cells to the 

extracellular space. The Na+/K+ ATPase pump helps transport potassium and sodium ions 
across the cell membrane. The pump maintains the equilibrium between the extracellular 
fluid and the intracellular fluid through a buffering process that involves the hydrolysis of 
ATP and generates an electrical gradient [53]. 

Under normal physiological conditions, axons are wrapped with myelin, except for 
nodes of Ranvier [54]. The depolarization of the nodal axonal membrane and the presence 
of adequate sodium ions allow for the generation of action potentials. It is believed that the 

K+ channels located under the myelin act as an efficient axonal conductor. After recognizing 

the role of K+ channels in the pathogenesis of axonal functional loss, potassium channel 
blockers [36] have been investigated to block these channels and restore axonal conduction 
in the injured axons [55]. 

The potassium channels [56] are located on the axons and play a vital role in regulat- 
ing physiological processes. They are also known to stimulate the production of action 

potentials. Through demyelination, the K+ channels can increase their activity, preventing 

the generation of action potentials. Demyelination also triggers the activation of the Ca2+ 

exchanger, which can increase the intracellular levels of Ca2+ [57]. 

The Kir4.1 channel [58] is a glial-specific potassium channel in the central nervous 

system’s astrocytic maintenance. It is believed that this channel helps maintain the extracel- 

lular potassium level. This channel has the highest expression in astrocytes. It contributes 

to the cell’s membrane properties, such as its hyperpolarized resting membrane and low 

input resistance. Various studies have shown that the downregulation of Kir4.1 can result 

in multiple physiological and biochemical changes in the central nervous system. A second 

model of spinal cord injury has also exhibited the effects of Kirnj10 regulation. Studies show 

that sustained reductions in Kir4.1 protein expression are dependent on the enhancement 

of DNA methylation. This finding supports the possibility that this protein could be a 

target for developing effective drugs for treating various disorders [59]. 
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Downregulation of Kir4.1 is common in various central nervous system disorders. In 

most cases, it occurs in the inner myelin tongue and the perinodal areas of the astrocytes [60]. 
The loss of Kir4.1 in OPCs and oligodendrocytes can result in various physiological and 
biochemical changes, such as demyelination and mitochondria damage. The sulfonylurea 

receptor is a functionalized version of the K+ channel that is physically coupled to one of 

the two members of the K+ family [61]. 

A shift in the balance of H+ and potassium occurs when the cell’s serum pH increases. 

A spike in serum potassium can also be caused by increased plasma osmolality, which can 

pull in some of the cell’s water [62]. 
The body can maintain its normal K+ balance without altering other metabolic pro- 

cesses. It can also use insulin to push the K+ into the cells. Furthermore, carbohydrate 

metabolism can help maintain the concentration of K+ in the body. The ability of a skeletal 

muscle to donate some of its stored potassium can help restore the K+ balance. After 

experiencing hypoxia, free radicals can trigger the activation of voltage-dependent K+ 

channels in vitro. These findings support the idea that activating these channels is one of 
the earliest responses to oxidative stress. High-potassium diets can also affect the plasma 

concentration of K+. Vegetables and fruits with high K+ content can lead to this effect [62]. 
Short-term hyperkalemia could be transient or sustained. For example, a person’s 

excessive potassium intake and decreased excretion through diet or infusion can induce 
hyperkalemia. Other factors contributing to the high potassium excretion level include 

diminishing the body’s mineralocorticoid level or activity. The proper distribution of 
potassium in the body is essential for maintaining cell function. The body has developed 

various mechanisms to ensure its adequate distribution [62]. 

The knowledge about how to manage K+ imbalance has become more prevalent. 

Various interventions such as reducing potassium losses and increasing the amount of 

potassium in the body can be performed to prevent and cure hypokalemia. Balancing the 

body’s potassium level is a strategy that can be used to treat hyperkalemia. This condition 

can be treated through medications and procedures designed to reduce its level. In addition, 

understanding the link between an increase in potassium level and oxidative stress can 

help identify potential causes of various diseases [62]. 

In severe spinal cord injury cases, the intraspinal networks may no longer function 

properly as an integrated part of the spinal cord’s response to the descending inputs. Sev- 

eral small-molecule compounds have been developed to target key regulators, such as 

ion channels and receptors, and their pharmacological properties have been well char- 

acterized [63]. Following spinal cord injury, the pathways that lead to the formation of 

potassium-chloride cotransporter (KCC2) in the spinal cord can change its expression. The 

downregulation of KCC2 can contribute to the development of spasticity following spinal 

cord injury. After the initial 24 h, the damaged spinal cord can start to recover its capacity 

to generate sustained depolarizations [64]. 

7. Iron and Cellular Biology of SCI 

Iron is an essential constituent of life, a metal involved in a wide range of physiological 

functions, including enzymatic reactions, energy production, oxygen transport, protein 

synthesis, and DNA repair. It is usually included in a stable form in metalloproteins. Iron 

can combine with any type of biomolecule and, as such, will adhere to membranes, nucleic 

acids, proteins, etc. Inorganic iron in redox reactions is also found in iron–sulfur complexes 

in many enzymes, such as nitrogenase and hydrogenase [65]. 

Our body generally contains about 4–5 g of iron. Excessive iron is toxic to humans 

because it reacts with peroxides in the body, producing free radicals. Toxicity occurs when 

the amount of iron exceeds the transferrin required to bind the free iron. In a complex 

with protoporphyrin IX, Fe forms the heme, the prosthetic group of proteins: hemoglobin, 

myoglobin, and cytochromes. Iron is transported by transferrin, a serum glycoprotein 

that can bind 2 iron atoms and transport them to all tissues. Excess iron is stored in the 

body by ferritin and is incorporated into apoferritin. Hemosiderin represents histologically 
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amorphous Fe deposits. Iron is an essential component of metabolism due to its property 

of taking up (passing from ferric to ferrous) or yielding electrons (passing from Fe3+ to 

Fe2+) in a relatively straightforward manner [65]. 
Iron has a functional dualism at the nervous system level, essential for life but toxic 

at values that exceed the normal range of variation. At the cellular level, iron is needed 

for cell growth, but in excess, it causes oxidative stress and cell death. In this context, iron 

levels are well controlled by the mechanisms of iron homeostasis. The primary protection 

strategy in the central nervous system is the blood–brain/spinal cord barrier [66]. 

Iron is essential for several basic cellular processes, including mitochondrial ATP 

generation and DNA replication, so an iron deficiency in the nervous system affects the 

division of precursor neuronal cells, astrocytes, and oligodendrocytes. Iron is also needed 

for several specific functions, such as the synthesis of dopaminergic neurotransmitters and 

the myelination of axons. Anemia in the early stages later causes mental retardation, and 

iron deficiency in early development causes neurological abnormalities [67]. 

Accumulation of iron in the neuronal tissue can cause neurodegeneration. 

Knowing the ability of iron to donate electrons to oxygen, high iron levels can cause 

the formation of hydroxyl radicals and hydroxyl ions by the Fenton reaction: 

Fe2+ + H2O2 → Fe3+ + OH + OH− [67]. Elevated iron levels can also generate per- 

oxyl/alkoxyl radicals due to Fe2+ lipid peroxidation [68]. Spontaneous oxidation of Fe2+ 

can also produce more superoxide radicals. The resulting ROS and RNS can react with 

various targets. In most cases, apoptosis occurs due to the influx of Ca2+, which activates 
enzymes involved in the breakdown of cellular proteins [4]. 

Iron chelators, which can reduce iron accumulation and promote functional improve- 

ment, theorized that treating patients with spinal cord injuries with iron can improve their 

recovery [69]. A chelating agent could help minimize iron accumulation in the spinal cord. 

A different study in mice revealed that a chelating agent could improve locomotor function 

after a spinal cord injury. As the blood in the spinal cord floods the tissues, iron is released 

from the carriers, such as ferritin and circulating transferrin. The acidic environment can 

facilitate the release of free iron from these molecules in the post-injury period. It has also 

been theorized that macrophages play an essential role in the body’s recovery by taking up 

and storing iron [70]. Due to the toxicity of iron and its reactivity, treating patients with 

spinal cord injuries with iron chelators has been considered a promising strategy to protect 

the tissue. However, although deferasirox effectively reduced systemic iron stores, it did 

not decrease intraspinal iron levels [70]. 

It is believed that the easiest way to chelate iron is through circulating iron levels. 

Since it does not require the presence of deferasirox to cross a cell membrane, it can be 

quickly done. After spinal cord injury, the proliferation of new oligodendrocytes leads to 

new cells within the spinal cord [67]. 

Iron-induced oxidative stress is hazardous because it causes the release of iron from 

iron-containing proteins, such as ferritin, heme, or Fe-S combinations, forming a positive 

feedback loop that exacerbates the toxic effect of iron. It is believed that motor neuron death 

is a process that leads to the atrophy of the primary motor cortex following spinal cord 

injury. However, the exact mechanisms of this death are still not known. It is believed that 

excess iron accumulation in the spinal cord can lead to tissue damage and limit the recovery 

of individuals following a spinal cord injury [71]. Treating this issue with a chelating 

systemically could help prevent this accumulation [68]. 

8. Zinc and Cellular Biology of SCI 

Zinc (Zn) is a trace element that plays a crucial role in the various biochemical path- 
ways of the human body [72]. Zinc has antioxidant properties and is known to reduce 
the production of pro-inflammatory cytokines. Around 2800 proteins can potentially bind 
to Zn. In addition, it is known to support the activities and efficiency of the immune 

system [73]. In humans, the average zinc concentration ranges from 650 to 1100 µg/L [72]. 
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The level of zinc concentration that affects the response of the body’s immune system 

is known to depend on its availability [74]. As redistributed from serum to the injured site, 

the high zinc concentration resulting after an injury can help minimize the inflammatory 

response’s overshooting [75]. It can also contribute to the adequate activation of the 

downstream target genes [72]. 

Two main transport proteins are responsible for zinc homeostasis [76]. The zinc 

transporters ZnT responsible for Zn effluxes and the Zip family are known to increase the 

cytoplasmic Zn uptake [72]. Due to its rapid distribution into the cellular compartments, 

zinc is commonly used as a marker for the onset of the inflammatory response following an 

injury. Therefore, the researchers hypothesized that the zinc concentration in serum could 

be used to diagnose TSCI based on the patient’s neurological status and the time following  

an injury [75]. The researchers noted that the sudden decrease in serum concentrations 

might have been caused by the molecular processes regulating zinc’s movement into the 

body. It was hypothesized that the activation of specific cellular pathways might have 

triggered these changes. The activation of the NF-kB transcription factor is known to 

contribute to the polarization of monocytes. Although the effects of Zn on the polarization 

of monocytes are not yet apparent, it has been suggested that the M2 phenotype could play 

a beneficial role in treating TSCI [77]. 

The reduction in extracellular zinc levels following an injury can increase the frequency 

of glutamate excitotoxicity [78] and promote the growth of oligodendrocytes [72]. The 

researchers then explored the effects of supplemental extracellular zinc on the Ca2+ currents 
of mice. They found that the zinc concentration in the urine attenuated the impact of the 
chemical on the vesicular Zn transport [72]. Recent studies suggest that the disruption 

of calcium homeostasis and the accumulation of zinc and glutamate could trigger the 
toxicity caused by zinc-induced neurotoxicity. The importance of zinc distribution has been 
highlighted in the pathogenesis of diseases. Free zinc within cells has been linked to the 

development of neurotransmitter functions [75]. 
Zinc promotes functional recovery in contusion spinal cord injury patients by activat- 

ing the Nrf2/GPX4 defense pathway. In addition, using zinc can decrease the inflammatory 

infiltrates in the spinal cord [79]. 

Treating patients with zinc can improve the morphological changes in their cells 

during ferroptosis [73]. These changes include the collapse of mitochondria and the rupture 

of the outer membrane potential. After zinc was administered to mice, the intercellular 

adhesion factors and inflammatory factors exhibited decreased downregulation. The effects 

of zinc on astrocytes inhibit the damage caused by spinal cord injury. Furthermore, its 

impact on the expression of related proteins can help improve wound healing. Due to its 

anti-inflammatory properties, zinc has been considered a conventional antioxidant. Its 

clinical application as a treatment for nerve injury has been supported by its effects on 

immune system regulation [77]. 

Researchers theorize that the inflammatory-related responses could be used to predict 

the severity of the acute phase of SCI. They noted that the zinc concentration in the blood 

is inversely correlated with the severity of the response. 

Although zinc can promote motor function in people with spinal cord injury, the exact 

mechanisms that regulate this recovery are not fully understood. The zinc significantly 

increased the number of 19 cytokines in the site of an SCI lesion. In addition, the results 

indicate that using zinc increases the production of G-CSF, which could result in decreased 

levels of neuronal apoptosis following SCI [80]. 

Previous studies have shown that zinc can improve the function of neurons and reduce 

oxidative stress. However, the role of zinc in the metabolism of the neurons after SCI is not 

yet clear [79]. 

Restoring the mitochondria function is critical in preventing the onset of ROS effects. 

This process can help the cells maintain their energy-producing capabilities and avoid 

developing diseases that damage the mitochondria [79]. Zinc is also a vital element that 
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plays a central role in developing various biological processes. It can also contribute to 

maintaining the nervous system’s physiological functions. 

9. Magnesium and Cellular Biology of SCI 

Magnesium is an essential trace element in the body that intervenes in many critical 

physiological reactions (metabolism of carbohydrates, lipids, and proteins, neuromuscular 

excitability, enzymatic activities, cell permeability, blood clotting, etc.). An adult’s body 

contains about 25 g of magnesium (Mg). More than half of this amount is found in the 

bones, a quarter in the muscles, and the rest is distributed mainly in the heart, liver, kidneys, 

digestive tract, and plasma. The total magnesium content in an average adult is distributed 

at 1% extracellularly [81], 31% intracellularly, and 63% in the bones [82]. Magnesium 

deficiency can cause various symptoms. Some of these include hallucinations, paranoia, 

muscle weakness, and depression. In addition, magnesium levels can be influenced by 

multiple factors such as hypercalcemia, primary aldosteronism, and alcoholism. In a follow- 

up study, paraplegic individuals with similar symptoms were observed to have increased 

urinary magnesium [82]. 

Free and total magnesium ions play critical roles in various cellular functions. They 
can trigger different regulatory functions through specific ion channels and enzymes. 

Recent studies have revealed that membrane significant fluxes of Mg2+ can affect the 

cell’s metabolic cycles and function [83]. In the central nervous system, Mg2+ is known to 
maintain calcium homeostasis. It is also involved in releasing neurotransmitters and in 

the transmembrane electrolyte flux. Mg2+ can stimulate the excitatory neurotransmitters 
norepinephrine and serotonin, decreasing the NMDA receptors’ action [83]. 

After spinal cord injury, the recovery of the damaged network requires the remyelina- 

tion of long tracts. The absence of the architectural framework can impair the formation of 

new axon growth and free cell migration. The extracellular matrix in the glial scar contains 

various proteoglycans, restricting axonal regeneration and preventing neurite outgrowth. 

In addition, these proteoglycans are also known to activate multiple myelin- and neuron- 

related signals [84]. Following an injury, in the acute phase, which usually lasts for 3 days, 

the concentration of magnesium drops [85]. The link between the severity of an injury 

and magnesium concentration has been investigated. It has been hypothesized that this 

component could play a role in the secondary injury phase. The group severely affected by 

the condition exhibited increased plasma protein, blood pressure, and erythrocyte albumin. 

It also revealed an impairment of redox status. A study conducted in 2000 linked the 

effects of magnesium and oxidative stress on patients with mild to severe injuries. The 

researchers noted that the plasma ionized magnesium concentration increased 7 days after 

the injury [83]. 

An increase in free hemoglobin can be measured in the central nervous system. It can 
inhibit the Na/K ATPase activity and lead to neuronal depolarization. This impairs the 
Na/K ATPase activity and leads to secondary calcium influx [86]. The reduction in total 

tissue of Mg following an injury could be caused by the influences of extracellular Mg2+ on 
the NMDA receptor [87]. Magnesium can also help restore the concentration of adenosine 
triphosphate after reperfusion and/or ischemia. However, this process can prevent the 
long-term regeneration of injured networks [57]. 

Patients’ magnesium level after suffering an injury is inversely predictive of their 

possible neurological remission. Individuals with low magnesium levels have higher levels 

of inflammatory cytokines and plasma concentrations of acute-phase proteins. Through 

its various anti-adrenergic mechanisms, magnesium controls the movement of calcium 

and inhibits the release of catecholamine from the cell [84]. It also causes a reduction in 

systemic vascular resistance and helps prevent the accumulation of lactic acid. Contusive 

spinal cord injuries trigger a pathological cascade that can lead to vasospasm [88]. 

The onset of acute cell dysfunction and death can be triggered by the destruction 

of the microvascular supply and the lack of blood flow to the spinal cord. This process 

involves the formation of aneurysms and microvascular disturbances in the spinal cord. 
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The onset of hemorrhage and progressive edema following an injury can add to the harsh 

post-injury environment. This process triggers the proliferation of various cell types and 

the infiltration of pro-inflammatory cytokines [83]. The activation of phagocytes can also 

contribute to the cell death of injured cells. In addition, excitotoxic injury can also occur by 

releasing glutamate through the astrocytes [57]. 

It has been hypothesized that the loss of endothelial cell function could be caused 

by the accumulation of calcium or lipid peroxidation, which could be reduced through 

magnesium treatment. The use of magnesium salt to relieve the vascular spasm of central 

nervous system vessels has been reported in clinical and experimental settings [88]. 

10. Lithium and Cellular Biology of SCI 

Many of the proposed lithium treatment cellular action mechanisms suggest that 

it can inhibit the activities of various signaling pathways. Lithium has been shown to 

inhibit multiple phosphomonoesterases being structurally similar to magnesium [89]. 

Lithium can improve the microenvironment in the spinal cord and promote the regeneration 

and survival of motor neurons [90]. Lithium chloride can boost the secretion of brain- 

derived neurotrophic factor (BDNF) in the axons of motor neurons following spinal cord 

injury [91,92]. Lithium chloride can also help restore the function of the blood–spinal cord 

barrier after a spinal cord injury [93]. LiCl can also inhibit the apoptotic pathway caused by 

the GSK-3β activity [94]. The potential targets of lithium are known to require catalyzing 

metal ions. However, lithium is known to inhibit these targets in a non-competitive manner. 

The concentrations of Li+ in the spinal cord and the brain are less than 5 and 2 mmol/L. 

Lithium levels are influenced by the diet and the medications used for treating diseases. 

A Na+-dependent countertransport system regulates the effects of lithium on the plasma 

membrane. This mechanism involves the stimulation of the Li+ uptake by external Na+ 

and reducing the Li+ uptake by internal Na+. 
Ion-gated channels are also involved in the distribution of lithium across a cell mem- 

brane. The presence of these channels helps regulate the steady-state concentrations of 

lithium in the cytoplasm. The Na+/H+ exchanger is a ubiquitous protein that is commonly 

found in cells. It carries lithium ions in place of sodium. The Na+/K+ –ATPase pump is 
also involved in the excitability of neurons. The lithium concentration in the cell does not 
affect the membrane resistance of neurons. It also triggers a decrease in the free potas- 
sium concentration. Lithium can also be substituted for potassium or sodium on specific 
transport proteins, usually carrying potassium or sodium. These proteins can provide a 
pathway for lithium to enter a cell. The main entrance ways to lithium are through the 

sodium channels and the Na+/H+ exchangers. These channels allow lithium ions to enter 
the cell without energy consumption [95]. 

Lithium can also affect the uptake of K+ into astrocytes by blocking the reuptake of 

the K+. It has also been observed that its interaction with the electrogenic Na+/K+ pump 

can trigger membrane hyperpolarization. An increase in the concentration of Li+ can also 

cause voltage changes in the microelectrodes sensitive to K+. It is believed that membrane 

hyperpolarization is caused by the activation of the Na+/K+ pump, 15 mmol/L LiCl can 
reduce or even abolish this hyperpolarization [96]. 

The effects of lithium on inositol metabolism have been studied. Both inositol and 

lipids play a complex role in regulating cellular functions [97]. Activating the catenin 

signaling pathway promotes cell proliferation in non-neural cells. Lithium also partially 

blocked the Golgi apparatus fragmentation. The disassembly of the Golgi complex is 

initiated by activating the GSK-3 signaling pathway. GSK-3 has been known to contribute 

to the pro-apoptotic signaling activity of cells. The activation of the phosphatidylinositol-3 

kinase/Akt-signaling pathway can protect cells from pro-apoptotic stimuli [98]. 

The regulation of cell survival is a crucial component of normal physiology. It can lead 

to the accumulation of excess or insufficient cell death, which can result in pathological 

conditions. Neurotrophic factors and the phosphatidylinositol 3-kinase/Akt pathway can 

also promote cell survival by blocking the proliferation of apoptosis. The Akt protein is a 
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multi-isoform serine/threonine kinase downstream of the PI 3-K protein. The upstream 
phosphorylation of Akt initiates its activation by PI-3-dependent kinases. Both glutamate 
and low potassium-containing cultures can induce apoptosis. It has been observed that 

lithium can also reverse the effects of these two modes of cell death. A treatment with Li+ 

can prevent the induction of low-K+ -induced apoptosis [99]. 

Lithium’s effects on the NGF pathway can be evidenced by rapid cell surface changes 

and increased protein phosphorylation. Lithium ions can also affect the responses of cells 

to polypeptide signals. It can increase insulin and epidermal growth factors and inhibit the 

activation of NGF-dependent signaling [100]. 

Studies on the effects of lithium ions on the metabolism and synthesis of neurotrans- 

mitters have yielded inconsistent results. However, the functional connections between 

regulatory genes and cis-regulatory sequences have been suggested as critical factors that 

influence the response of organisms to lithium [95]. 
The effects of Li+ on the central nervous system are caused by its interventions in 

potassium homeostasis. This impairs the ability of the isolated spinal cord to generate 

spontaneous synaptic activity. It has been hypothesized that Li+ could compete with K+ 

for the binding site of an extracellular binding site. The presence of high concentrations of 

Li+ in the cell can decrease the free Na+ concentration and reduce the stimulation of the 

Na+/K+ pump. After exposing the cells to concentrations of Li+, the time course of the 

depolarization is consistent with the effect of the Li+ on the membrane [95]. 

Li+ is known to exert several beneficial effects on axonal regeneration and also has 
remyelinating effects. Therefore, this molecule could constitute a potential therapeutic 
remedy for nerve injuries in which axonal lesions and demyelination coexist. Furthermore, 

there is evidence that the GSK3β could be considered an essential factor in the expression 

of myelin genes, and they open approaches to treating nerve injuries that use inhibitors of 

GSK3β such as lithium [101]. 

11. Discussion 

Aside from the endogenous “braking machinery” for regrowth/regeneration afore 
enumerated, the complex spinal cord microenvironment is one of the main factors that 

might influence the regeneration and functional recovery of the respective injured nervous 

tissue. The post-lesional imbalance at the gene-/molecular, cellular, and tissue levels 

expresses the disturbance of various inhibitory and/or stimulatory physiological and 

pathological mechanisms. Reversing the perspective, i.e., from the tissue to the molecular 

point, Fan Baoyou et al., 2018 [102] emphasize that hemorrhage and ischemia/hypoxia can 

produce drivers of the microenvironment alterations, expressed mainly by demyelination 

and glial scars (tissue level); differentiation of stem cells, the transformation of the microglia 

and oligodendrocyte phenotypes, infiltration of macrophages, and activation of astrocytes 

represent the cellular level of the tSCI damages, and involvement of chemokines, cytokines, 

(other) pro-inflammatory and, on the other hand, neurotrophic factors correspond to the 

molecular level of imbalances. To all these above-presented data [102], we consider in our 

review a distinct level of microenvironment imbalances, the ionic level, as presented in 

detail in the previous sections. 

The primary mechanical damage can disrupt the blood supply to the spinal cord and 

the topical capillaries. The lack of blood supply but also bleeding into the spinal cord 

parenchyma can increase the release of specific ions and macromolecules from the cells, 

likewise edema which enhances the pressure in the surrounding vessels and causes, in a 

vicious cycle, ischemia. The lack of ATP can cause an ion imbalance, too, and, again, in a 

vicious cycle, this could also worsen the neural tissue edema caused by water accumulation 

in the cells [102]. Unfortunately, remyelination can also be delayed or obstructed by cellular 

debris in the microenvironment. The accumulation of this debris can limit the extent and 

quality of the process [102]. 

Ion imbalance is a known factor that can regulate the pathological changes caused 

by spinal cord injury. After tSCI, the K+, Na+, and Ca2+ channels are altered. Following 
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tSCI, the levels of Ca2+ and Na+ are upregulated in the cell, while the concentrations of K+ 

and Mg2+ are upregulated extracellularly. The influx of Na+ into the cell leads to cytotoxic 
cellular edema, with water gradually accumulating. On the other hand, previous studies 

had shown that blocking the Na+ channel could also lead to detrimental impacts such as 
the activation of intracellular phospholipases and intracellular acidosis [103]. 

Ca2+ is a vital component of the CNS that participates in various physiological and 
pathological processes. As previously pointed out, following spinal cord injury, the concen- 

tration of Ca2+ increases rapidly. High Ca2+ levels can cause apoptosis and/or necrosis by 
increasing the production of free radicals. It can also damage the white matter [104]. 

The disruption of the myelin of axons’ sheath following tSCI can lead to different 

detrimental effects, too. The K+ channel’s increased activity can cause demyelination, too. 

Although the voltage-gated K+ channels are essential for remyelination, they can also be 

affected by 4-aminopyridine (4-AP), a K+ channel antagonist [61]. 
Iron is also a vital component of normal CNS functioning. It can be increased by the 

influx of red blood cells consecutive to bleeding in the spinal cord. In addition, treating 

patients with tSCI with deferoxamine can decrease the production of free radicals and 

promote the survival of the cells. It has also been reported that it prevents the formation of 

glial scar and reduces the iron ion level [70]. 

Biomarkers are objectively quantifiable biological characteristics and represent a very 

attractive and unbiased tool for assessing SCI severity. Furthermore, markers associated 

with the pathophysiology of acute SCI should aid in monitoring the biological effects of a 

candidate treatment and also may identify potential targets for novel therapies that reduce 

secondary damage [105]. A major focus of SCI research is on evaluating the ability of 

agents to improve recovery after injury. The drug discovery field has adopted the term 

“perturbagen” to refer to small molecules, peptides, antibodies, oligonucleotides, and so on 

that, alter a biological process by interfering with one or more molecular targets [106]. To 

this paradigm, we need to add ions dynamics at the injury site. 

12. Conclusions 

The concept of the microenvironment imbalance after spinal cord injury explains the 

various alterations and disturbances at the gene/molecular, subcellular, and tissue levels 

following tSCI. An interesting parallel might be imagined between the microenvironment 

of an injured spinal cord and the macroenvironment in which we live, represented by air 

containing oxygen, carbon dioxide, and different aero-ions. The post-tSCI imbalances at 

the microenvironment level are like “a storm in our climatic ambient” with considerable 

damaging force. The universal presence of ions, with their chemical and physical properties, 

has influenced the evolution of cellular mechanisms and further of living beings. Life 

started through the capacity of biomolecules to manipulate ions and generate “the cellular 

weather”. Influencing this “weather” can be a desirable intervention in neuro-regeneration. 

Starting from this paradigm, detailed research on cations dynamics involved in various 

regeneration mechanisms after SCI is critical in future directions, which might be more 

feasible in light of the recent spread of biosensors for detecting individual cations. 
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Abstract: Diabetes mellitus (DM) is a frequent medical problem, affecting more than 4% of the 

population in most countries. In the context of diabetes, the vascular endothelium can play a 

crucial pathophysiological role. If a healthy endothelium—which is a dynamic endocrine organ 

with autocrine and paracrine activity—regulates vascular tone and permeability and assures a 

proper balance between coagulation and fibrinolysis, and vasodilation and vasoconstriction, then, in 

contrast, a dysfunctional endothelium has received increasing attention as a potential contributor 

to the pathogenesis of vascular disease in diabetes. Hyperglycemia is indicated to be the major 

causative factor in the development of endothelial dysfunction. Furthermore, many shreds of 

evidence suggest that the progression of insulin resistance in type 2 diabetes is parallel to the 

advancement of endothelial dysfunction in atherosclerosis. To present the state-of-the-art data 

regarding endothelial dysfunction in diabetic micro- and macroangiopathy, we constructed this 

literature review based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA). We interrogated five medical databases: Elsevier, PubMed, PMC, PEDro, and ISI Web 

of Science. 

 
Keywords: diabetes mellitus; endothelial dysfunction; microangiopathy; macroangiopathy 

 
 
 

1. Introduction 

Diabetes mellitus (DM) is a metabolic disorder of multiple etiology characterized by 

chronic hyperglycemia [1]. Micro- and macrovascular complications that develop in DM 

patients are a consequence of numerous factors, including, most importantly, endothelial 

dysfunction [2]. In normal physiological status, there is a suitable equilibrium of relaxing 

and contractile elements released from the endothelium. However, this delicate state is 

 

 
 

Curr. Issues Mol. Biol. 2022, 44, 3378–3397. https://doi.org/10.3390/cimb44080233 https://www.mdpi.com/journal/cimb 

https://doi.org/10.3390/cimb44080233
https://doi.org/10.3390/cimb44080233
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:mariana.rotariu@umfiasi.ro
mailto:marius.turnea@umfiasi.ro
mailto:aurelian.anghelescu@umfcd.ro
mailto:irina.albadi@yahoo.com
mailto:elena.ionescu@365.univ-ovidius.ro
mailto:carmen.oprea@365.univ-ovidius.ro
mailto:gabriela.dogaru@umfcluj.ro
mailto:sinziana.silisteanu@usm.ro
mailto:firancarmen@yahoo.com
mailto:anca.ionescu@umfcd.ro
mailto:constantin.munteanu.biolog@umfiasi.ro
mailto:gelu.onose@umfcd.ro
https://doi.org/10.3390/cimb44080233
https://www.mdpi.com/journal/cimb
https://www.mdpi.com/journal/cimb
https://www.mdpi.com/journal/cimb
https://www.mdpi.com/journal/cimb
https://www.mdpi.com/
https://www.mdpi.com/
https://www.mdpi.com/
https://www.mdpi.com/
https://www.mdpi.com/
https://www.mdpi.com/


Curr. Issues Mol. Biol. 2022, 44 3379 
 

 

 
altered in diabetes, thus contributing to the subsequent progression of vascular lesions and 

affected organs. Therefore, the morbidity and mortality encountered in DM are mainly 

determined by its vascular complications, represented by micro- and macroangiopathy [3,4] 

and reflecting the dysfunction of blood vessels [5]. 

Microangiopathy is characterized by pathogenesis at the microvascular level, involving 

capillaries, as is the case with diabetic retinopathy, which can cause blindness; diabetic 

nephropathy (resulting in renal failure); and neuropathy [6,7], described as vasa nervorum 

angiopathy [8]. 

The hormonal and physiological dysfunctions associated with diabetes, including 

oxidative stress, insulin resistance, reactive oxygen production, advanced glycation end 

products (AGEs), and increased inflammatory cytokine levels, jointly promote atheroscle- 

rotic cardiovascular disease [9]. Atherosclerosis is the main form of macroangiopathy in 

DM [3], affecting larger blood vessels supplying the brain, heart, and extremities. 

Peripheral vascular disease is a frequent complication in type 2 DM, which has, as 

its action mechanisms, atherosclerosis, endothelial dysfunction, vascular remodeling, and 

thrombosis [2]. 

According to various research hypotheses, the adverse effects of diabetes on the 

vascular system through the influence of hyperglycemia [10], especially on the endothelium, 

as possible targets include changes in cellular redox status, altered oxidized/reduced 

forms of nicotinamide adenine dinucleotide (NAD+/NADH) ratio [11]; dysregulation of 

tyrosine kinase proteins, whose activity is influenced by the redox state of their sulfhydryl 

groups [12]; protein kinase C (PKC) disorder [13]; and sorbitol accumulation [3]. In 

addition to being a vital part of the body’s metabolic environment, insulin also has other 

physiological functions, such as regulating the blood flow and increasing glucose uptake in 

skeletal muscle. The actions of insulin-stimulating agents, by stimulating the production of 

vascular endothelium’s nitric oxide (NO), can also improve the blood flow and increase 

glucose uptake in skeletal muscle. The actions of insulin are mainly mediated by the 

phosphatidylinositol-3-kinase (PI3K) [14]. 

This paper aims to underline the molecular mechanisms of endothelial dysfunction 

in DM microangiopathy and macroangiopathy and further our understanding of the 

pharmacological molecular approaches oriented to improving the dysfunctional status of 

the vascular endothelium and DM evolution control. 

2. Methods and Results 

This synthetic and systematic literature review is based on the PRISMA methodology, 

by searching free full-text available papers written in English, appearing in the last five 

years (1 January 2017–31 December 2021), by a specific keyword combination: “diabetes 

AND angiopathy”, in well-known international databases: Elsevier, National Center for 

Biotechnology Information (NCBI)/PubMed, NCBI/PubMed Central (PMC), Physiother- 

apy Evidence Database (PEDro) and—to verify whether the works found were published 

in ISI (Institute for Scientific Information—ex Thomson Reuters—currently administered 

by Clarivate Analytics) -indexed journals—the Web of Science. All of the literature and 

clinical trial databases mentioned above were searched from January to April 2022. The in- 

clusion criteria were fixed regarding patients with diabetes (as diagnosed using recognized 

diagnostic criteria). Exclusion criteria correspond to study dates not before 2017. After this 

first step, in the second step, we removed duplicates (same work found in two or more 

databases). In the third step, we checked for and retained only those issued in ISI-indexed 

publications. The scientific impact of each article was established using a customized 

quantification formula based first on a PEDro-adapted quantitative method, considering 

the number of citations per year, all of the values being limited between 0 and 10, using a 

mathematical equation. Only articles that reached at least 4 points were selected. Works 

that obtained a score of at least 4 were considered eligible (“fair quality = PEDro score 4–5”). 
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Search and Filtering Results 

Database interrogation provided, initially, 207 articles. Applying the PRISMA selection 

filters and scoring resulted in 29 unique published qualified studies (Figure 1). The PRISMA- 

standardized methodology for conducting systematic reviews entails/requires specific 

steps and a high level of strictness. Such a systematic process is meant to help the authors 

construct an article structure skeleton giving a primary objective input about assembling 

the literature background to be approached, summarized, and synthesized. Moreover, the 

afferent contextual search (by keywords combination/syntaxes) we fulfilled may sometimes 

reduce the number of obtained articles. The 29 selected papers helped us complete our first 

task of constructing our article structure skeleton. 
 

Figure 1. PRISMA-type flow diagram for searching free full-text available papers (ISI eligibility– 

articles published in ISI-Web-of-Science-indexed journals). 

Of course, although rigorous and broadly recognized and used, the PRISMA filtering 

methodology is not infallible, so there are always possible limitations in covering all the 

necessary knowledge. In the meantime, to fill the knowledge gaps, we enhanced our 

documentation with other bibliographic resources connected to our subject, identified in 

the literature, within a non-standardized search. 

3. Diabetes Mellitus—Vascular Pathological Interplay Picture 

DM is a frequent chronic metabolic pathology that causes disorders in the metabolism 

of carbohydrates, electrolytes, fats, and proteins on a pandemic scale [15], affecting over 

400 million people worldwide and being estimated to affect over 650 million people over the 

next 25 years. DM can also be defined as a syndrome associated with chronic hyperglycemia, 

resulting from a reduced insulin secretion from the pancreas or a lack of the effect of insulin. 

Factors such as lower insulin in the blood, reduced blood glucose consumption, or increased 

blood glucose production, may result in high blood glucose levels [16]. 

The criteria for glucometabolic disturbances, as established by the World Health 

Organization (WHO) and the American Diabetes Association (ADA) [1], include etiological 

types and different clinical stages of hyperglycemia [1]. Four main etiological categories 

have been identified as diabetes type 1, type 2, other specific types, and gestational diabetes: 
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• Type 1 or juvenile diabetes is characterized by a deficiency of insulin secretion caused 

by a cellular-mediated autoimmune destructive lesion of pancreatic β-cells [17] after 

exposure to viral, toxic, or other environmental triggers [18]. This type has a genetic 

susceptibility or an immune disorder causality and accounts for about 10% of DM 

cases. In type 1 diabetes, endothelial dysfunction is a key determinant of inflammatory 

activity and is considered an early marker of cardiovascular diseases (CVD) [19]. The 

inflammatory response is generated by altered immunity, including increased cytokine 

and chemokine, superoxide release, and leukocyte marginalization [8]. Autoantibod- 

ies known to be involved in the development of type 1 diabetes may help identify 

individuals with this condition, but they do not have sufficient diagnostic accuracy. 

For example, although low levels of C-peptides in the blood are known to help identify 

individuals with type 1 diabetes, they do not help treat acute hyperglycemia [20]. 
• Type 2 is a heterogeneous disorder [21], characterized by a relative deficiency of in- 

sulin secretion [22], also seen as a primary event in disease development [21], and 

peripheral tissue targeting insulin resistance. A decreased number of insulin receptors 

in the target cells is correlated with a lack of insulin response, impaired endothelial 

signal transduction, and regulated redox activation of transcription factors [15]. En- 

dothelial dysfunction in type 2 diabetes has also been shown to appear. In addition, 

excessive production of reactive oxygen species (ROS) due to hyperglycemia has been 

shown to induce epigenetic changes, such as histone 3 lysine monomethylation, which 

increases the expression of the p65 subunit of NF-κB. These epigenetic reactions can 

be mediators between diabetes, chronic inflammatory response, and cardiovascular 
disease (CVD) [10]. Around 80% of people with type 2 diabetes develop cardiovas- 
cular complications. This group accounts for over 70% of deaths in this population. 

The DISCOVER study [23] provided a comprehensive view of the various aspects 

of cardiovascular disease in people with diabetes after using a standardized case 

report form, which allows for comparisons of the results across different regions and 

countries. The study included 15,992 individuals with diabetes [23]. 

Overnutrition and chronological age are the main risk factors for developing type 2 

diabetes mellitus (T2DM). These two conditions promote a chronic state of inflammation, 

or low-grade inflammation (LGI), which is referred to as a phenomenon termed either 

“inflammaging” or “metaflammation”. Despite being chronic, this condition can still lead 

to the development of acute inflammatory responses [24]. 

The four categories of vascular complications include: macrovascular, microvascular, 

cerebrovascular, and peripheral artery disease. Macrovascular disease is a type of vascular 

disease that can affect the central and peripheral arteries. It can also lead to various 

conditions, such as heart failure and amputation.  Microvascular disease is a type of 

vascular disease that can affect the small blood vessels in multiple organs in the body [23]. 

The prevalence of microvascular disease is 18.8% globally, with the lowest in Africa 

at 14.5%. Some of these include: peripheral neuropathy, 7.7%; chronic kidney disease, 5%; 

albuminuria, 4.3%; retinopathy, 2.7%; erectile dysfunction, 1.0%; and retinal laser photoco- 

agulation, 0.6%. The most common type of vascular disease was peripheral neuropathy, the 

most prevalent type of vascular disease in all regions except for the Western Pacific. After 

taking into account the sex and age of the patients, the prevalence of microvascular disease 

was 17.9%. It was highest in Europe (20.4%) and lowest in the Americas (14.2%) [23]. 

The prevalence of vascular complications was 12.7%. These include: coronary artery 

disease, 3.3%; heart failure, 2.2%; stroke, 1.2%; peripheral artery disease, 0.7%; and transient 

ischemic attack, 0.1%. The most common type of vascular disease was coronary artery 

disease. The findings show that early and aggressive risk factors can help prevent vascular 

complications [23]. 

In addition to these two main types of DM, the World Health Organization (WHO) 

has begun to classify particular types of DM, including malnutrition-related diabetes 

(that accompanies certain conditions and syndromes) and gestational diabetes. The most 

common of these particular types is the gestational one, which is similar to type 2 DM and 
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is also related to insulin resistance, which develops in pregnant women due to pregnancy 

hormone impregnation [25]. 

Acute, life-threatening consequences of uncontrolled diabetes are hyperglycemia 

with ketoacidosis or nonketotic hyperosmolar syndrome. Pronounced hyperglycemia 

manifestations include polyuria, polydipsia, weight loss, sometimes polyphagia, and 

blurred vision [26]. In addition, persistently high blood sugar causes microvascular dam- 

age, including nephropathy, retinopathy, or neuropathy. Macrovascular complications 

include coronary heart disease, leading to myocardial infarction, cerebrovascular disease, 

stroke [27], and peripheral vascular disease. The pathogenesis of vascular complications is 

multifactorial, caused by glucose-mediated endothelial damage, oxidative stress, sorbitol 

production, and advanced glycation end products (AGE) [28]. 

The microvascular complications of DM are essentially diseases of the small blood 

vessels, while macrovascular complications are associated with wide blood vessels. Dia- 

betic nephropathy, retinopathy, and neuropathy, which can cause terminal renal disease, 

blindness, and sharp neuropathic pain, can be described as altered microvascularity that 

affects the capillary basement membrane entailing the arterioles of the retina, glomeruli, 

myocardium, muscle, and skin vessels. Macroangiopathy refers to damage to the arterial 

walls of the peripheral and coronary artery systems, but such macrovascular complications 

occur mainly due to kidney disease in DM. These include cerebrovascular, cardiovascular, 

and peripheral vascular problems. Under hyperglycemia, microangiopathy and macrovas- 

cular complications arise due to complexities and structural or functional anomalies, such 

as hypertrophy, inadequate blood flow, and loss of specific functions [11]. 

In obesity, visceral fat deposition determines inflammation processes, which are essen- 

tial in DM complications. In addition, the association between high blood pressure and 

obesity is also known to cause a higher rate of morbidity and mortality associated with 

CVD. About 10–30% of type 1 diabetics and 60% of type 2 diabetics are reported to suffer 

from high blood pressure [29]. 

DM’s pathogenesis and its complications involve many genetic constituents and 

biochemical pathways changing the metabolic fingerprint. It affects the cellular transcripts 

of target organs and biochemical pathways that result in abnormal gene expression of 

pro-apoptotic, pro-fibrotic, pro-inflammatory, and growth-promoting genes [30]. 

Epigenetics plays an essential role in gene interactions. The major molecular events 

tangled in the epigenetic phenomenon are histone changes, DNA methylation, and mi- 

croRNA interference. For example, research studies reported that disruption of signaling 

pathways (inflammation, apoptosis, and stress due to increased oxidation, etc.) occurs due 

to abnormal changes in histones, DNA methylation, and modulated expression of miRNAs 

and lncRNAs in T2DM [30]. 

4. Endothelial Dysfunction in Diabetes Mellitus 

The endothelium is a crucial part of the cardiovascular system, which orchestrates 

many aspects of microvascular function, including permeability, pressure, flow, angio- 

genesis, and rheology [31]. The function of the vascular endothelium is altered in DM, 

conducting the clinical expression of microangiopathies. Diabetic endothelial dysfunction 

is thought to be generated by an early increase in vascular permeability [32]. Under physio- 

logical conditions, there is a balanced release of relaxing and contractile factors derived 

from the vascular endothelium. However, this delicate balance is altered in diabetes, thus 

contributing to the progression of vascular lesions. Diabetic endothelial dysfunction is 

thought to be manifested by an early increase in vascular permeability. The fiber-matrix 

theory of microvascular permeability holds that the ability of the capillary wall to act as a 

molecular sieve is a feature conferred by the endothelial glycocalyx [33]. 

Endothelial cells (ECs) actively regulate permeability, vascular tone, coagulation, 

and fibrinolysis factor equilibrium, the composition of the subendothelial matrix, the 

proliferation of vascular smooth muscle cells, and extravasation of leukocytes [3]. To fulfill 

these functions, the endothelium produces extracellular matrix components and a large 
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spectrum of regulatory mediators, such as NO, endothelin, prostanoids, angiotensin II, 

tissue-type plasminogen activator t-PA, and plasminogen-1 activator inhibitor (PAI-1), 

von Willebrand factor (vWF) [34], adhesion molecules, and cytokines. For example, the 

endothelium usually decreases vascular tone, a process in which nitric oxide plays a key 

role. In addition, it regulates vascular permeability to nutrients, hormones, and other 

macromolecules and leukocytes. Endothelial cells (EC) normally inhibit platelet adhesion 

and aggregation by producing prostacyclin, nitric oxide, and ectonucleotidases, limiting 

the activation of the coagulation cascade by thrombomodulin–protein C and heparan 

sulfate–antithrombin III interactions, and regulate PA t-production [11]. 

The endothelium responds to specific local and temporal (Figure 2) needs by releasing 

NO or t-PA after stimulation and induction of genes, for example, E-selectin, after exposure 

to inflammatory mediators. Endothelial dysfunction can be expressed by changes in cell- 

matrix interactions, increased vascular permeability, high vascular tone, and the loss of 

antithrombotic and profibrinolytic properties, and may, in turn, acquire prothrombotic 

and antifibrinolytic properties [35]. However, such changes do not necessarily coincide. 

In addition, they may differ depending on the nature of the lesion and may relate to 

the intrinsic properties of the endothelium (for example, venous versus arterial versus 

microvascular endothelium) [3]. 
 

 
Figure 2. Endothelial cells (ECs) fulfill specific physiologic functions such as actively regulating 

permeability, vascular tone, coagulation, and fibrinolysis factor equilibrium, the composition of the 

subendothelial matrix, and the proliferation of vascular smooth muscle cells, and cytokine release. 

Dysfunctional endothelium, mainly due to high levels of ROS, is a potential contributor to the 

pathogenesis of vascular disease in diabetes. 

Vascular endothelial cells activated by hyperglycemia and/or AGE express cell ad- 

hesion molecules (CAM) by stimulating cytokines, tumor necrosis factor-alpha (TNFα), 

and interleukin-1 (IL-1). The intercellular cell adhesion molecule (ICAM-1) is a marker 

of white blood cell (WBC) interaction with the vascular endothelium and facilitates the 

transendothelial migration of blood cells into the subendothelial space. Von Willebrand 

factor (vWF) is considered a more conventional marker of endothelial dysfunction. The 

mechanisms of such endothelial dysfunction are still unclear, but free radical generation and 

oxidative stress have been proposed as key mechanisms of vascular injury in diabetes [19]. 
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Metabolic disorder in diabetes is associated with excess ROS generation through 

polyol, glucose self-oxidation, prostanoid synthesis, and protein glycosylation [19]. An ad- 

ditional mechanism that increases ROS generation via activation of polyamine metabolism, 

involved in cell survival, cell proliferation, and protein synthesis, contributes to diabetes 

pathogenesis under inflammation conditions [36]. Many studies in animal models and 

human clinical trials strongly suggest that hyperglycemia is a crucial feature of diabetic 

microvascular complications [32]. 

Consistent data support that free fatty acids are responsible for the association between 

insulin resistance and visceral adiposity [25]. In addition, growing evidence underpin 

that the progression of insulin resistance in type 2 diabetes is parallel to the advancement 

of endothelial dysfunction in atherosclerosis, and hyperglycemia can be considered the 

primary factitive factor linked with the development of endothelial dysfunction [37]. 

The production of advanced glycation end products (AGEs) is an essential multifac- 

torial biochemical abnormality that accompanies diabetes and (probably) inflammation. 

AGEs are produced through a process known as the Maillard reaction—reducing sugars 

react non enzymatically with an amino group of proteins, lipids, and nucleic acids through 

a series of responses forming a Schiff base, followed by an Amadori rearrangement and 

subsequent oxidative modifications (glycoxidation). The glycation process is complex 

and ordinarily slow, but it depends on the availability of nutrients. However, due to the 

availability of glucose, it is accelerated during hyperglycemia. AGE accumulation can 

be achieved through either an endogenous or an exogenous source. In the Western diet, 

for instance, there is a high level of endogenous glucose. However, since cigarette smoke 

contains highly reactive glycation products, it can also act as a precursor to forming these 

compounds. In addition, the thermal processing of food, which involves using dry-heat 

technology, can lead to the formation of substantial amounts of AGE [38]. 

Studies indicated an essential role for the diacylglycerol (DAG)–protein kinase C (PKC) 

pathway in regulating AGE production. The PKC system is ubiquitous in cells and regulates 

various growth factors. It can also generate signal transduction responses to growth fac- 

tors [39]. PKC may have complex adverse effects on vascular function, including activation 

of superoxide-producing enzymes, such as nicotinamide adenine dinucleotide phosphate 

(NADPH) oxidase, and increased expression of uncoupled superoxide-producing endothe- 

lial nitric oxide synthase (NOS III). In addition, PKC-mediated superoxide production may 

inactivate endothelial NOS III-derived NO and may inhibit the activity and/or expression 

of the downstream NO target, soluble guanylyl cyclase [13]. It was demonstrated that PKC 

activation increases arginase expression and activity and promotes NOS III phosphoryla- 

tion, resulting in decreased NO production [40]. 

The activation of the PKC system can also increase the expression of the growth factor 
TGF-β, which is a major factor regulating the development of the extracellular matrix. 

It can also decrease the synthesis of proteolytic enzymes that degrade matrix proteins. 
The increased expression of the growth factor TGF-β can also lead to the development of 

structural amyloid in the basement membrane, one of the earliest structural abnormalities 
in diabetes. The effects of the PKC system on the regulation of fibronectin and type IV 

collagen are also detrimental in DM [39]. 

The effects of AGEs on vessel wall homeostasis may explain the rapidly progressive 

atherosclerosis associated with diabetes. Driven by hyperglycemia and oxidative stress, 

AGEs are formed to a very rapid degree in diabetes. In the vessel wall, collagen-related 

AGEs can “capture” plasma proteins, quench NO activity, and interact with specific recep- 

tors to modulate many cellular properties [28]. 

The interaction of AGEs with endothelial cells and other cells that accumulate in the 

atherosclerotic plaque, such as mononuclear phagocytes and smooth muscle cells, provides 

a mechanism for increased vascular dysfunction. Specifically, the interaction of AGEs with 

the vessel wall component increases vascular permeability, the expression of pro-coagulant 

activity, and the generation of oxidative stress, resulting in increased endothelial expression 

of endothelial leukocyte adhesion molecules [28]. 
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Endothelium-dependent vasodilation can be evaluated in the coronary and peripheral 

circulation. Doppler echocardiography, phase-contrast magnetic resonance imaging, and 

positron emission tomography are the main non-invasive tools to assess coronary endothe- 

lial function in the coronary circulation. In any case, the ‘gold standard’ test requires 

invasive coronary angiography [41]. 

The association among DM and endothelial dysfunction is evident in patients with 

type 1, presenting early (microalbuminuria) or late (macroalbuminuria) nephropathy [42]. 

The relationship between diabetes and the development of vascular dysfunction in type 

1 DM patients is pointed by many markers which correspond to endothelial dysfunction, 

inclusive EC-dependent low vasodilation, elevated von Willebrand factor (vWF) levels, 

selectin, thrombomodulin, PAI-1, t-PA, and type IV collagen, as have been demonstrated in 

this patient population. Endothelial dysfunction is considered an early manifestation of 

vascular disease in type 2 DM but later in type 1. In addition, studies have presented that 

cVCAM-1 levels were significantly higher in type 1 DM [10]. 

Increased calpain activity (calcium-dependent protease) induced in response to hyper- 

glycemia may contribute to DM cardiovascular complications. Studies regarding immuno- 

precipitation showed that glucose causes NO loss through a calpain-dependent decrease in 

the association of hsp90 with endothelial NOS. In addition, the inhibition of calpain activity 

decreased the expression of the endothelial cell surface of the proinflammatory adhesion 

molecules ICAM-1 and VCAM-1 during hyperglycemia. Moreover, the inhibition of PKC 

activity reduces leukocyte–endothelium interactions by suppressing the surface expression 

of endothelial cell adhesion molecules in response to increased oxidative stress [19]. 

In the last decade, several experimental data have led to the concept that NO is 

involved not only in the regulation of vasomotor tone but also in vascular homeostasis 

and neuronal and immunological functions. Endogenous NO is produced by enzymatic 

conversion of the amino acid l-arginine to l-citrulline by NO-synthase (NOS), of which 

several isoforms have been recently isolated, cloned, and purified. Neuronal (brain isolate) 

and endothelial (EC isolate) NOS are called ‘NOS-constituents’ and produce picomolar 

levels of NO, of which only a tiny part cause physiological responses. NO produced by 

NOS type III in the endothelium diffuses to the vascular smooth muscle (VSM), where the 

enzyme guanylate cyclase is activated, and the concomitant increase in cyclic GMP then 

induces VSM relaxation [43]. 

EC produces vasoconstriction-inducing mediators, including endothelin, prostaglandins, 

and angiotensin II (ANG-II), and regulates vascular tone by maintaining a balance between 

vasodilation (NO production) and vasoconstriction (e.g., generation A-II). EC produces 

ANG-II in local tissues and exerts regulatory effects on several VSMC functional activities, 

including contraction (i.e., vasoconstriction), growth, proliferation, and differentiation [13]. 

Local concentrations of bradykinin also regulate NOS. This peptide acts with bradykinin B2 

receptors on the EC cell surface membrane, increasing NO generation by activating NOS. 

Significantly, local bradykinin levels are regulated by the angiotensin-converting enzyme 

(ACE) activity, which breaks down bradykinin into inactive components. In addition, EC 

has a prominent role in controlling blood flow and restoring the integrity of the vessel wall, 

preventing bleeding, having an essential function in the balance between coagulation and 

fibrinolytic components [43]. 

Among the various factors related to endothelial dysfunction, the gastric peptide 

ghrelin improves endothelial function in metabolic syndrome. Ghrelin circulates in acylated 

(AG) and non-acylated (UAG) forms. AG is commonly considered the active form, reduces 

insulin sensitivity, and exerts orexigenic activity, while more abundant UAG has been 

considered inactive but has now been shown to exert more biological activity [15]. 

High glucose indirectly influences endothelial cells by synthesizing growth factors 

in adjacent cells, significantly transforming growth factor beta (TGFβ) and vascular en- 

dothelial growth factor (VEGF), which act on the coagulation cascade, generate thrombin-a 
potent pro-coagulant cell activator-and fibrin, which can also have stimulating synergic 

effects on endothelial function [8]. 
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High levels of serum endothelin and E-selectin have been attributed to increased 

vasoconstrictor properties and increased permeability and leukocyte adhesion. On the 

other hand, hyperglycemia has been shown to induce overexpression of several matrix met- 

alloproteinases, especially MMP-9, that determine matrix degradation, plaque instability, 

and atherogenesis [44]. 

5. Mitochondrial Impairment Related to Endothelial Dysfunction in DM 

Diabetes is closely associated with endothelial mitochondrial dysfunction, demon- 

strated by increased oxidative stress, decreased biogenesis, increased DNA damage, and 

weakened mitochondrial autophagy (mitophagy). Structural (morphological) and func- 

tional changes in mitochondria are involved in diabetic endothelial dysfunction [38]. For 

example, endothelial cell death caused by apoptosis, hyperglycemia, fission, or excessive 

mitochondrial oxidative stress, are all intervenient in diabetic pathophysiology connected 

with endothelial dysfunction [45]. High glucose levels have been shown to disrupt mito- 

chondrial dynamics and endothelial cell morphology. In addition, mitochondria linked to 

the endoplasmic reticulum (ER) are markedly raised in diabetic cardiomyopathy, which 

may help understand the role of endothelial cell mitochondria in DM complications [45]. 

Mitochondrial biogenesis is also essential for normal cellular physiological activities. 
Disorders related to mitochondrial biogenesis result in mitochondrial dysfunction as well. 

The peroxisome proliferator-activated receptor 1α (PGC-1α) coactivator is an essential 

controller of mitochondrial biogenesis, regulated by the SIRT1 factor. Nuclear respiratory 

factor (NRF)-1 and NRF-2 participate in mitochondrial biogenesis by binding to mitochon- 

drial transcription factor A (mtTFA), which subsequently induces mtDNA transcription 

and replication [45]. 

MtDNA damage is frequent in atherosclerotic plaque. MtDNA damage is also com- 

monly seen in patients with metabolic disorders, such as DM, low-glucose tolerance, and 

metabolic syndrome. In addition, when combined with atherosclerosis, mtDNA damage is 

intensified in diabetic patients. For example, DM can cause mtDNA base mismatches in 

retinal endothelial cells. D2 diabetic mice also have increased mtDNA damage, mainly in 

glomerular endothelial cells [45]. 

MtDNA of diabetic mice activates endothelial nucleotide-binding oligomerization 
domain (NOD)-like receptor pyrin domain containing 3 (NLRP3) inflammasomes by mecha- 

nisms involving Ca2+ influx and the generation of mitochondrial ROS, reduces endothelium- 
dependent vasodilation, and causes vascular dysfunction. These findings suggest that 
mtDNA damage affects diabetic vascular complications [38]. 

Another facet of mitochondrial regulation, which can also be seen in endothelial 

dysfunction, is mitophagy (autophagy)—mitochondria damaged by numerous stimuli 

are specifically encapsulated in autophagosomes, then fused to lysosomes, and finally 

de-graded [12]. 

In short, mitochondria play a significant role in diabetic vascular complications. There- 

fore, medications aimed at mitochondrial oxidative stress and dynamics can potentially 

improve endothelial cell dysfunction, thus, blocking the progression of diabetic vascular 

complications [45]. 

6. Oxidative Stress Related to Endothelial Dysfunction in DM 

Elevated oxidative stress (OS) induced by hyperglycemia aggravates endothelial 
dysfunction and plays a key role in vascular complications. Excessive oxidative stress 
results from a disproportionate increase in the production of reactive oxygen species and/or 
a decrease in the body’s total antioxidant capacity [16]. The mitochondrial electron transport 
chain is the primary source of ROS, which consists of three forms of free radicals: superoxide 

anion (O2
−), hydroxyl radical (OH), and hydrogen peroxide (H2O2). Additionally, it 

produces peroxynitrite, one of the most aggressive toxic free radicals produced starting 
from nitric oxide through the catalysis of NOS—a reaction usually boosted by excess 

intracellular calcium. O2
− is generated by an electron reduction in O2 through cytosolic 
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cofactors, including NADPH oxidases (NOX) and electron transport chain complexes I, 

II, and III. O2
− is converted to H2O2 by superoxide dismutase 1/2 (SOD 1/2). Excessive 

accumulation of H2O2 will be converted to OH by metal cations (Fe2+ reduced from Fe3+ 

by Haber–Weiss reaction/Fenton Camessy superoxides and Cu+) [45]. 

Usually, the levels of ROS generated by oxidative phosphorylation are well controlled 

by the antioxidant system, consisting of glutathione, superoxide dismutase, nicotinamide 

adenine dinucleotide phosphate (NADPH), and other antioxidants that act as primary 

regulators of this process. However, under hyperglycemia, pyruvate produced from the 

breakdown of excessive glucose increases the entry of NADH and FADH2 into the electron 

transport chain and further increases the voltage gradient along the inner mitochondrial 

membrane. Hyperglycemia inhibits the activation of the antioxidant system of endothelial 

cells and has a role in the process of diabetic vascular injury [46]. 

ROS can cause irreversible oxidative changes in DNA, proteins, and lipids but also 
play an indispensable role in the regulation of intracellular signaling pathways, such 

as mitogen-activated protein kinases, redox-sensitive transcription factors (e.g., NF-κB), 

hypoxia-inducible factors (HIF-1α) [47], and activating protein 1 (AP-1), leading to changes 
in the expression of downstream target genes or effecter molecules [48]. 

Abnormal endothelium-dependent vasodilation in patients with DM is due, at least 
in part, to excessive ROS generated mainly by positive NOX regulation and endothelial 

nitric oxide synthase (eNOS) decoupling. Significantly increased vascular O2 production 
and expression of NOX subunits were observed in diabetic subjects, implying that hy- 

perglycemia increases NOX activity. An excess of O2
− also oxidizes tetrahydrobiopterin 

(BH4), a cofactor that strictly controls NO production, to increase eNOS decoupling and 
reduce NO production. Increased ROS and decreased NO will cause irreversible damage 
to vascular endothelial cells, such as apoptotic damage. NO bioavailability will also be low 

under high-glucose conditions [45]. 

It has recently been discovered that accelerated atherosclerosis is associated with 

insulin resistance and endothelial dysfunction. This precedes the onset of angiopathy and 

appears to play a central role in the pathogenesis of atherosclerosis in diabetic patients. 

Indirect support for OS involvement has been provided by restoring endothelial dysfunc- 

tion in DM cases with vitamin C, a water-soluble antioxidant, and deferoxamine, an iron 

chelator that prevents the generation of iron-catalyzed hydroxyl radicals. In addition, the 

ubiquitous and extracellular antioxidant glutathione (GSH-sulfhidrildisufide) has been 

shown to neutralize oxidants by converting them to other oxidized forms or even to water. 

In DM, GSH is primarily consumed mainly due to the regeneration of vitamin C, which is 

strongly oxidized in such patients [49]. 

The vascular endothelium controls the passage of macromolecules and circulating 

cells from the blood to the tissues and is a significant target of OS, playing an important 

role in the pathophysiology of many vascular disorders. Particularly, OS increases vascular 

endothelial permeability and promotes leukocyte adhesion (inflammatory dimension, 

see below) coupled with changes in redox-regulated endothelial signal transduction and 

transcription factors. Furthermore, decreased endothelium-dependent vasodilation in 

diabetic patients has been associated with impaired NO action secondary to its inactivation 

resulting from increased OS rather than reduced vascular endothelial NO production [50]. 

7. Immune System Involvement in DM Endothelial Dysfunction 

Inflammation is a causative factor of angiopathies [51]. The hallmarks of inflammation 

are dysfunction and tissue damage, usually manifested by loss of function, heat, pain, and 

swelling [52]. Pro-inflammatory cytokines activate myeloperoxidase enzymes and NADPH 

oxidase (NOX), which determine amino acids’ oxidation and produce advanced glycation 

product (AGE) precursors. IL-6, TNF-α, IL-2, IL-1β, interferon-γ (IFN-γ), and MCP-1 are 

pro-inflammatory cytokines that, together with CRP, are markers of low-grade systemic 

inflammation (LGI) and prognostic indicators of vascular diseases [52]. 
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Chronic inflammation is linked with low-soluble AGE receptor (RAGEs) levels. It has 

been suggested that soluble receptors of AGEs ameliorate the pathological condition. Low 

levels of circulating soluble RAGEs in type 2 DM patients are correlated with resistance 

to insulin, HbA1c, and CRP, which makes them appropriate markers and predictors of 

inflammation and cardiovascular events [52]. 

High levels of other pro-inflammatory cytokines, such as IL-18, are also known to 

be associated with the development of DM. IL-18 changes have been correlated with 

changes in insulin resistance, and some studies have reported alterations in IL-18 levels 

influenced by lifestyle adjustments, such as exercise. The mechanism by which physical 

activity decreases IL-18 levels is likely by altering insulin signaling or by down-regulating 

cytokine production, reducing the infiltration of inflammatory cells into adipose tissue. In 

contrast, serum levels of anti-inflammatory cytokine IL-10 secreted by Th2 subtype T cells, 

macrophages, and monocytes in humans reduce the risk of cardiac events [52]. 

Increased levels of pro-inflammatory cytokines, such as IL-6 and TNF-α, are known 

to trigger the development of vascular disorders. Conversely, the actions of IL-10 help 
promote a reduced risk of inflammation induced in diabetes-related angiopathies. Regular 
aerobic exercise, medications that decrease proinflammatory activity, a diet high in prebiotic 

fiber, and cytokines with anti-inflammatory properties have been suggested to mitigate the 

risk of increased inflammatory processes [52]. 

AGEs induced release of cytokines will be accompanied by overproduction of var- 

ious growth factors, such as PDGF (platelet-derived growth factor), IGF-1 (insulin-like 

growth factor-1), GMCSF (granulocyte/monocyte colony-stimulating factor), and TGF-β 

(transforming growth factor-β), which affect the function of blood vessel cells. Also, the 
formation of the immune complexes, which contain modified lipoproteins, is increased. A 

high level of the immune complex containing altered LDL will raise the risk of macrovascu- 
lar complications in patients with either type 1 or type 2 DM. The immune complex not 
only stimulates many cytokine releases but also augments the expression and release of 
metalloproteinase-1. In addition, activating macrophages by such an immune complex will 

trigger the release of TNFα, which causes up-regulation of CRP synthesis [53]. 

Macrophages are known to play a role in developing and maintaining host defense 
and inflammation. They can also perform other homeostatic functions, such as tissue 

repair and wound healing. The pleiotropic effects of these conditions are mediated by the 

response of macrophages to environmental signals. These changes can lead to different 

functional phenotypes, pro-inflammatory or anti-inflammatory. The M1 and M2 polariza- 

tions are known to play a role in developing LGI, leading to various complications, such 

as microvascular and macrovascular diabetes. One of the critical factors that regulate the 

interaction between macrophages and their environment is the presence of eNO. Although 

its role in regulating inflammation has not been thoroughly studied, it is believed that this 

protein could potentially be utilized in treating hyperglycemic conditions [24]. 

Activation of T cells will also inhibit smooth muscle cells, the proliferation of blood 

vessel cells, and the biosynthesis of collagen, which will cause vulnerable plaques, causing 

acute cardiovascular complications/events. In a serial examination of a coronary artery of 

a patient with type 2 DM after a sudden death, there is an area of necrosis, calcification, and 

an extensive plaque rupture. In contrast, in type 1 DM, there is an increase in connective 

tissue content with a few foam cells between the plaques, facilitating a relatively more 

stable atherosclerosis lesion [18]. 

8. Molecular Pharmacological Approaches in DM Endothelial Dysfunction 

Monotherapy is the most common type of first-line therapy for people with diabetes. 

It is followed by sulfonylureas and dipeptidyl peptidase-4 inhibitor monotherapy [23]. 

Several therapeutic interventions have been proposed to improve endothelial function in 

patients with DM (Figure 3). Insulin sensitizers may have a short-term beneficial effect, but 

the virtual absence of cardiovascular studies precludes any definitive conclusion [35]. 
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Figure 3. Molecular approaches of therapeutic interventions proposed to improve endothelial 

function in patients with DM. 

Rapamycin, commonly used as an antitumoral and immunosuppressive drug, has 

been shown to effectively prevent aging. It is believed that this drug targets the mTOR 

gene and the serine/threonine kinase known as FK506. This protein regulates various 

cellular functions, such as cell growth, mobility, and protein synthesis. Studies have shown 

that rapamycin can act as a preventive agent by preventing various chronic diseases, such 

as atherosclerosis, hypertonia, and hypercoagulation. It can also help prevent cancer, 

Alzheimer’s disease, and diabetes. 

According to the literature, biguanides, commonly used as a treatment for type 2 

diabetes, can also affect the development of geroprotective effects. In addition, these drugs 

are known to inhibit the growth of gluconeogenesis and increase the sensitivity to insulin. 

2 deoxyglucose, a glucose analog, is known to decrease cellular energy metabolism. 

This substance can also mimic the effects of calorie restriction. Currently, there are not 

enough data regarding the effects of this substance on the development of agglutination 

and other cellular processes. 

Various natural compounds, such as -tocopherol, ascorbic acid, and ubiquinone, can 

also help prevent aging. They are believed to be involved in the development of the free 

radical theory’s gerossuppresion. 

Since the discovery of resveratrol in 2003, thousands of studies have been conducted 

on this substance. Data indicated that the drug prevents the development of cataracts 

and decreases the aorta’s elasticity. It is believed that the effects of resveratrol on the 

growth of senescent cells can be achieved by activating the genes that are known to be 

involved in the regulation of cellular signaling. These include the p53 and AKT. These 

genes are also known to influence the expression of other cellular signaling pathways. 

The researchers explained that the level of this protective factor was increased by the 

presence of resveratrol on manganese superoxide dismutase. This group of enzymes is 
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known to degrade the superoxide molecules produced by metabolic processes. In vitro 

studies conducted on the effects of resveratrol and other polyphenols revealed that they 

can protect the cardiovascular system by reducing the levels of specific cellular signaling 

molecules. These include the cytokines that are known to be involved in the regulation 

of cardiomyocyte apoptosis. It is also known that the presence of this substance can 

decrease the activity of a cyclo-oxygenase, which is a key component in the synthesis of 

certain cytokines. 

The theory that using antidiabetic substances, such as resveratrol, can improve the 

function of peripheral nerve and microcirculation tissues is based on the activation of 

SIRT1. The effects of resveratrol on the development of photo-aging cells were shown to 

be related to the activation of various cellular signaling pathways. However, despite the 

multiple advantages of this substance, its effects on the development of human health are 

still limited due to its low solubility and stability. 

Hyperlipidemia and elevated oxidized LDL are risk factors for developing endothelial 

dysfunction in patients with diabetes. Statins have been widely used to treat hypercholes- 

terolemia in patients with type 2 DM, but there is no evidence to indicate their effect on 

endothelial function [54]. 

Hormone replacement therapy using estrogen is thought to improve endothelial 

function. However, no specific study has been conducted to date to recognize the effect of 

estrogen penury on endothelial function in DM postmenopausal women [13]. The last half 

of the 20th century was marked by the approval of estrogen for treating postmenopausal 

women. It is known that this hormone can prevent various chronic diseases, such as 

cardiovascular diseases. Unfortunately, the enthusiasm surrounding the use of estrogen 

has diminished following the publication of studies that indicated the possible side effects 

of this hormone, such as breast cancer and cardiovascular diseases. In this context, it is 

essential to note that the effects of estrogen derived from other compounds, such as those 

from the peloids composition, do not reach the mentioned risks. 

H2S is also known to exert various pharmacological effects, such as its ability to 

improve the vascular function of the ECs and prevent the development of various com- 

plications, also influencing the NO level. In studies on animal models of diabetes, H2S 

has been shown to limit the growth of multiple complications, such as kidney disease 

and retinopathy. In addition, a lack of H2S homeostasis can also be a contributing factor 

in the development of hyperglycemic conditions. Due to the increasing number of H2S 

donors or exogenous sources discovered in natural sources, including in sulfurous waters 

used in balneotherapy, researchers are now focusing on developing effective treatment 

strategies for various diseases, including diabetes and endothelial dysfunction. One of 

these is the use of organosulfur compounds, which can protect against the development of 

cardioprotective effects in type 2 diabetes [50]. In a study conducted on animal models of 

diabetes, Baluchnejadmojarad and colleagues analyzed the properties of S-allyl cysteine, 

which is the most abundant organosulfur compound in garlic extract. They focused on the 

potential of this compound to improve the learning and memory deficits in diabetic rats. 

They also studied the role of the Nrf2, the nuclear factor-kappa B, and the HO-1 signaling 

in these conditions. The researchers noted that using these compounds could prevent the 

development of various complications, such as kidney disease and retinopathy. Based on 

the findings, it has been proposed that using H2S-releasing agents could be a potential 

treatment option for diabetic patients [50]. 

L-arginine is a mutual substrate for arginase and NOS [55]. Therefore, it is assumed 

that L-arginine supplementation may activate NOS, increase NO production, and improve 

vasodilatation [56]. This hypothesis has been studied in various conditions associated with 

endothelial dysfunction, such as chronic heart failure, cyclosporine-induced endothelial 

damage, and type 2 DM. NOS and arginase are substrate-driven enzymes, though arginase 

is much more active than NOS, and under conditions of mutual substrate deficiency, the 

NO pathway is inhibited. Accordingly, arginase inhibition increases L-arginine levels, 

improves NO content, and improves endothelial function [57]. Some researchers have 
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suggested that vitamin E, vitamin C, and other antioxidant therapies can improve blood 

vessel function in a diabetic patient [49]. 

Vaccarin (VAC), an active flavonoid glycoside extracted from the semen of Vaccariae, 

has extensive biological activities, including protective effects on vascular endothelial 

cells. VAC attenuates blood glucose, increases glucose and insulin tolerance, reduces lipid 

metabolism and oxidative stress, and improves endothelium-dependent vasorelaxation in 

mice STZ/HFD-induced type 2 DM [58]. 

Glucagon-1-like peptide (GLP-1) is widely used as a drug to treat type 2 diabetes. 

Exogenous administration of GLP-1 has been shown to reduce blood glucose in patients 

with type 1 and type 2 diabetes. In addition, GLP-1 can improve insulin resistance and glu- 

cose utilization in patients with type 2 diabetes. Furthermore, GLP-1 improves endothelial 

dysfunction in patients with type 2 DM with established coronary heart disease without 

affecting the glucose absorption of the whole body. GLP-1 may have increased activation 

of NO endothelial synthase, thereby interfering with endothelial function [59]. 

The enzyme dipeptidyl peptidase-4 (DPP-4) is a key component in regulating the 

glucagon-like peptide-1 (GLP-1) type 2 diabetes. Since this drug is a novel treatment for 

this condition, the strategy to prevent its inactivation has been studied. A novel series of 

dihydropyrimidine phthalimide hybrids was synthesized, characterized, and evaluated 

for their DPP-4 inhibitory activity, as well as antioxidant activity [60]. These compounds 

increase the levels of active GLP-1 and decrease the secretion of glucose [61]. Exam- 

ples of DPP-4 inhibitors are Sitagliptin, Vildagliptin, Saxagliptin, Linagliptin, Alogliptin, 

Gemigliptin, Anagliptin, Teneligliptin, Trelagliptin, Omarigliptin, and Evogliptin [62]. 

One of the most common drugs used for the treatment of diabetes is teneligliptin. It 

is a long-acting inhibitor of DPP-4 that can be safely and effectively used in patients with 

renal impairment. Its unique pharmacokinetics and pharmacologic properties have been 

shown to provide a wide range of benefits [24]. 

In animal models, teneligliptin was shown to be effective at preventing the develop- 

ment of atherosclerosis. It also inhibited the growth of atherosclerotic lesions. In a rat model 

of metabolic syndrome, teneligliptin treatment improved the expression of eNOS. This 

finding supports the idea that teneligliptin can be used as a non-glycemia-based therapy 

for this condition. Previous studies showed that the effects of multiple DPP-4 inhibitors 

on the endothelium were beneficial. However, in these studies, it was also revealed that 

teneligliptin had antioxidant properties. This drug was able to reduce the levels of certain 

inflammatory markers and activate the transcriptional cascades of antioxidant genes at the 

cellular level [24]. 

Although there are currently no single treatment options for type 2 diabetes, the two 

most common drugs used for type 2 DM are sitagliptin and vildagliptin. These two drugs 

can be used once daily, and they have demonstrated a reduction in the levels of A1C by 1%. 

In drug-naive patients, the effects of these two drugs can be observed for up to 52 weeks. In 

combination with other drugs, such as metformin, these two drugs can improve glycemic 

control and lower the levels of A1C. They are safe and are both body-weight neutral. The 

studies that have been conducted so far suggest that the use of DPP-4 inhibitors as a 

monotherapy or combination therapy is an effective strategy for type 2 diabetes [63]. 

Although ACE inhibitors can improve the function of the blood vessels, their effects 

on endothelial cells are still unclear. Notably, it was shown that ACE inhibitors, such as 

ramipril and enalapril, and angiotensin II (AT II) inhibitors, such as valsartan, increased 

endothelial progenitor cell levels in patients, probably interfering with the CD26/DPP-4 

system [64]. Despite the various risks associated with these substances, ACE inhibitors 

consistently prevent coronary artery disease, stroke, and diabetic microvascular compli- 

cations of nephropathy and retinopathy. In addition, inhibition of the renin-angiotensin 

system is associated with a reduced incidence of DM [54]. On the other hand, Angiotensin 

II expresses pro-oxidative effects on the vascular system. It can decrease NO bioavailability 

and lead to vascular damage [64]. 
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Peroxisome-proliferator-activated receptor (PPAR) ligands, troglitazone, and rosiglita- 

zone, also improve endothelial function. In addition, several studies have shown improve- 

ments in the reactivity of the brachial artery in patients with DM [5]. 

Troglitazone in vivo inhibits the expression of VCAM-1 and ICAM-1 on activated en- 
dothelial cells. This medicine also decreases the amount/content of monocytes/macrophages 
in the atherosclerotic plaque. The drug reduces the expression of VCAM-1, ICAM-1, and 

E-selectin, which are induced by oxidized LDL and TNFα. Troglitazone may improve 

insulin sensitivity [13]. 
Rosiglitazone improves coronary artery endothelial function in patients with insulin 

resistance who do not have traditional risk factors for atherosclerosis, as well as impaired 

glucose or diabetes tolerance [54]. 

Thiazolidinediones improve insulin-mediated glucose uptake in target insulin tis- 

sues by activating the PPAR. They directly affect adipose tissue by suppressing TNFα 

and possibly leptin expression, suppressing lipolysis. Thus, they decrease plasma con- 
centrations of free fatty acids and increase plasma adiponectin levels and directly affect 

insulin-mediated glucose transport in the skeletal muscle and heart. Thiazolidinedione 

administration reverses insulin resistance and many components of metabolic syndrome. 

Treatment is generally associated with increased HDL cholesterol levels, blood pressure, 

plasma triglyceride levels, small LDL cholesterol, PAI-1 levels, and albumin excretion rates, 

and lower glucose and hemoglobin A1C [54]. With an increase in insulin sensitivity and 

a decrease in fasting insulin and free fatty acid levels, thiazolidinediones in combination 

with hormone therapy (HT) in postmenopausal women were shown to reduce endothelial 

function [65]. 

The mechanisms by which thiazolidinediones improve endothelium-dependent blood 
flow are unknown, but they probably involve several effects. First, as described above, they 
have significant anti-inflammatory effects involving a decrease in circulating adipokines 

(e.g., TNFα, PAI-1, leptin), which is reflected by low levels of high-sensitivity CRP; increase 

in adiponectin levels; and decreased vascular expression of adhesion molecules. Secondly, 
insulin is a vasodilator that stimulates eNOS expression via phosphatidylinositol 3-kinase 

(PI3K). This effect of insulin is attenuated in patients with insulin resistance. Addition- 

ally, PPAR is expressed in endothelial cells, and its ligands are reported to improve NO 

production, possibly by stimulating the PI3K pathway and, therefore, eNOS expression. 

Thirdly, PPAR ligands improve some components in metabolic syndrome that could ad- 

versely affect endothelial function, involving low levels of HDL cholesterol, high levels 

of triglycerides and free fatty acids, high blood pressure, and carbohydrate intolerance. 

PPAR ligands also decrease oxidative stress and, thus, can improve the vascular balance 

between NO and vasoconstrictors. Finally, an endogenous NOS inhibitor is associated with 

reduced NO-mediated vasodilation and increased adhesion of mononuclear cells to the 

endothelium [54]. 

In normal conditions, all glucose is absorbed through the kidney tubules [66]. The 

early S1 segment of the kidney is responsible for the reabsorption of 80% to 90% of the 

glucose, while the S2 and S3 sections are responsible for the remaining 10% to 20%. The 

glucose that escapes from the soluble glucose receptor 2 (SGLT2) is then reabsorbed by the 

glucose-carrying protein known as SGT1 [67]. Studies show that people with DM have 

an elevated level of the renal threshold for glycosuria, and their reabsorption capacity 

is also increased. This is due to the presence of certain types of cells that are known to 

increase the expression of glucose-binding protein 2 (SGLT2) [67]. This mechanism is 

believed to contribute to the development of hyperglycemia in these individuals. In 1835, 

the drug phlorizin was extracted from apple trees. It is the first natural inhibitor of the 

two major types of glucose-binding protein 2 that has a high-affinity and competitive 

activity. Initially, it was used for the treatment of various infectious diseases, such as 

malaria and fever. However, it was later discovered that this drug can cause glycosuria. 

Various pharmaceutical companies have been developing compounds that are capable 

of inhibiting the activity of glucose-binding protein 2 using different methods. In 2008, 
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Dapa was developed, which has a higher level of potency than that of the drug known as 

SGT1. The second type of phlorizin derivative, called Cana, is also known to have higher 

inhibitory activity against this protein. 

The third type of phlorizin derivative that is capable of inhibiting the activity of this 

protein is Empa. It has a high selectivity over the commercial version of this drug, known 

as SGT1. The development of the new generation of antidiabetic agents, known as SGLT2i, 

was carried out through a series of phase III studies. These studies were designed to 

examine the effects of these drugs on the glycemic levels of patients. Empa is a third- 

generation SGLT2i that is available in the US and Europe. In various phase III studies, it 

has been shown that it can lower the levels of glucose in the blood of people with type 

2 diabetes. After 24 weeks of treatment, the researchers found that the drug reduced 

the levels of glucose in the blood of these patients by 0.74% and 0.85%. The most recent 

addition to the treatment of type 2 diabetes, Ertu, is known to reduce the levels of glucose 

in the blood of patients with inadequately controlled blood glucose levels. After 26 weeks 

of treatment, the researchers found that the drug reduced the levels of HbA1c by almost 

1%. The results of the study, which were maintained for 52 weeks, were also favorable [68]. 

9. Discussion 

Although diabetes is known to increase the risk of heart disease and stroke, its effects 

on different sexes, ages, and levels of conventional risk factors are not well understood. For 

instance, the extent to which this condition is associated with fatal or non-fatal myocardial 

infarction or hemorrhagic stroke is not well explained. Further, how much of the impact of 

diabetes on vascular pathology can also be associated with factors such as blood pressure, 

cholesterol, and obesity? This condition is also known to confer a two-fold excess risk of 

death due to other vascular causes. In people without diabetes, the effects of dysglycemia 

on their vascular health are not well understood. Although fasting blood glucose is known 

to be associated with an increased risk of vascular disease, the exact mechanisms by which 

this condition affects this parameter are not well known [29]. 

In type 1 DM, increased blood flow occurs in tissues prone to vascular complica- 

tions, such as the kidney or retina. This is correlated with a glucose-mediated increase in 

endothelial formation [69]. Retinopathy and nephropathy are manifestations of diabetic 

microangiopathy in relatively young patients under poor glycemic control. There is a pos- 

sibility of endothelial dysfunction in type I diabetes, over time, by increased vasodilation 

based on increased formation of the endothelial-derived relaxation factor at the beginning 

of the disease, followed by “pseudonormalization” of endothelial function; finally, it results 

in a reduction in endothelial-dependent relaxation and the morphological manifestation of 

angiopathy [70]. The mechanisms that mediate this chronology of endothelial dysfunction 

remain to be investigated, but endothelial defects in the L-arginine metabolism may be 

involved, as well as reduced smooth muscle cell function, as seen in hypercholesterolemia. 

Mitochondrial encephalomyopathy syndrome lactic acidosis and stroke (MELAS) [71] 

(clinically characterized by recurrent headaches, hearing loss, diabetes, and short stature). 

DM develops into MELAS syndrome due to multiple defects in insulin and glucose 

metabolism, including insulin deficiency, increased gluconeogenesis, and insulin resis- 

tance in pancreatic β-cells; an ATP-sensitive potassium channel is required for insulin 

release. Decreased ATP synthesis due to mitochondrial dysfunction may lead to impaired 
insulin secretion and insulinopenia. In addition, two factors may contribute to the increase 

in gluconeogenesis in MELAS syndrome: insulin resistance, which results in reduced 

insulin inhibition of hepatic gluconeogenesis, and lactic acidemia, which may fuel hepatic 

gluconeogenesis [71]. 

DM is also a risk factor associated with severe complications in SARS-CoV-2 infection, 

which causes hyperglycemic emergencies, such as hyperosmolar hyperglycemic status 

(HHS) and diabetic ketoacidosis (DKA) [72]. In addition, DM can cause a diseased immune 

system by predisposing it to infection. The endothelial receptor of the angiotensin 2 con- 

verting enzyme (ACE2) responsible for SARS-CoV-2 invasion in human cells has reduced 
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expression in patients with diabetes, possibly due to glycosylation. In the case of COVID-19 

patients, there is a high incidence of coagulative disorders, generating a disseminated 

intravascular coagulation, which is lethal in severe conditions. H2S is, therefore, of thera- 

peutic interest, interfering with both vascular inflammation and coagulation [12]. Insulin 

resistance and impaired glucose homeostasis have been shown to cause alveolar capil- 

lary microangiopathy and interstitial fibrosis due to super inflammation [72]. In addition, 

elevated HbA1c levels have been associated with inflammation and hypercoagulability, 

leading to an increased mortality rate in patients with diabetes with COVID-19 [73]. 

Lung histopathological analysis found multiple thrombi in the small to medium 

pulmonary arteries, giving rise to the theory of immunothrombosis, associated with COVID- 

19, contrary to the conventional thromboembolic mechanism of PE. In situ microvascular 

thrombosis or immunothrombosis occurs due to alveolar injury, inflammatory storm, and 

disruption in the thromboprotective pulmonary vascular endothelium. The clinical results 

of COVID-19 are worse in patients with diseases associated with endothelial dysfunction, 

such as systemic hypertension, diabetes, and obesity [73]. 

One of the treatment modalities presented in the previous section is also H2S present, 

including in sulfurous waters and therapeutic sapropelic mud used in balneotherapy. 

Regarding this therapeutic strategy, we must discuss that usually, hydrotherapy is con- 

traindicated for diabetes and endothelial dysfunction due to the vascular changes involved 

in such a treatment modality, which is also connected with water temperature [74]. 

10. Conclusions 

The future holds great promise. Despite the various studies on the above-presented 

drugs, their effects on the pathological process in endothelial dysfunction are still not 

fully understood (most probably as a result of—as detailed above—very complex and 

complicated pathophysiology of endothelial dysfunction and its lesional consequences and 

consecutive complication). Extensive research is needed along with randomized studies in 

this entity, especially in molecular biology and genetic engineering, to better explore the 

hidden aspect of the iceberg. Numerous biomarkers of DM microangiopathy are already 

known and may be therapeutic targets in the future. 

The future will show a growing interest in finding reliable methods for testing en- 

dothelial function. As endothelial dysfunction measures become clinically applicable, this 

may result in improved risk assessment methods that would help predict, prevent, and 

treat cardiovascular-related diseases. Inflammatory markers are likely to find their way 

into risk assessment; several therapeutic strategies to improve endothelial function in DM 

are being investigated. Unfortunately, despite substantial progress in understanding how 

microvascular and macrovascular complications develop, much effort is still needed. 
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Abstract: The aim of this study was to describe and analyze epidemiological and clinical features 

of children screened for COVID-19 at Sibiu Pediatric Clinical Hospital during the first 9 months 

(March–November) of coronavirus disease pandemic in Romania. A total of 203 pediatric patients 

with a confirmed diagnosis of COVID-19 were included in the study. The median age of the patients 

was 121 (IQR 18–181) months and 52.22% had mild clinical type with pneumonia, 35.47% were 

moderate cases, 3.94% severe cases, 0.99% critically ill cases and 7.39% were asymptomatic. The most 

common symptoms were fever (n = 130, 64.03%), nasal congestion (n = 138, 67.98%), cough (n = 128, 

63.05%) followed by sore throat (n = 64, 31.52%), rhinorrhea (n = 63, 31.03%), fatigue (n = 57, 28.07%), 

headache (n = 47, 23.15%), diarrhea (n = 39, 19.21%), vomiting (n = 32, 15.76%), myalgia (n = 24, 

11.82%), abdominal pain (n = 22, 10.83%). A higher proportion of infants with severe or critical 

disease was encountered with lymphopenia (n = 9, 90%), neutrophilia (n = 5, 50%), leukocytosis 

(n = 5, 50%) compared with asymptomatic infants (n = 10, 66.67%, n = 1, 6.67%, n = 3, 20%) or mild 

(n = 53, 50%, n = 19, 17.92%, n = 15, 14.15%) and moderate (n = 37, 51.39%, n = 9, 12.50%, n = 6, 

8.33%) cases (p = 0.095, p = 0.042, p = 0.034). Pediatric patients generally had mild or moderate 

type of COVID-19, and the critically ill cases were rare. In our study, frequent symptoms were 

observed in both the systemic and respiratory systems, ear, nose and throat system, and less from 

gastrointestinal system, central nervous system or ocular system. Additionally, there is an increase in 

liver and myocardial enzyme levels with an increase in disease severity. Understanding the clinical 

and laboratory characteristics of pediatric patients is important for diagnosis, management and 

effective control of the disease. 

 
Keywords: coronavirus; COVID-19; SARS-CoV-2; children; pediatric; clinical features; epidemiology 

 
 
 

1. Introduction 

SARS-COV-2 (severe acute respiratory syndrome coronavirus 2) virus is a new type of 

coronavirus and was identified as the cause of an outbreak of pneumonia in China in late 

2019 [1–4]. The epidemic has spread worldwide despite efforts to limit it [2,5–8]. 

The main route of transmission of the virus is the respiratory tract, through the respi- 

ratory droplets, the incubation period being between 5 and 14 days [1]. Symptomatology 

of the disease is predominantly respiratory (fever, cough, difficulty breathing) [9,10]. The 
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vast majority of cases present symptoms of minimal and moderate intensity, and only in 

about 20% of cases may occur severe manifestations (bilateral interstitial pneumonia), with 

evolution to respiratory failure and acute respiratory distress (ARDS). There are also cases 

with gastrointestinal manifestations (especially diarrhea), and in some patients, anosmia 

(loss of smell) and dysgeusia (loss of taste) have been reported as early symptoms. The 

reference test for the specific diagnosis of COVID-19 (coronavirus disease 2019) is a molec- 

ular biology test, by NAAT technology (nucleic acid amplification technology). This test is 

reverse transcription real-time PCR (qRT-PCR) which highlights the presence of viral RNA 

in the nasopharynx [11]. 

Studies on clinical features and prognosis of pediatric patients are fewer in children 

compared to adults, and they indicate a much milder clinical course and severity of COVID- 

19 in children [12–14]. 

Studies reporting the results of screening for COVID-19 underlying clinical and epi- 

demiological factors denote that most children appear to have mild or moderate disease or 

many non-specific symptoms or may by asymptomatic [13,15–21]. 

The aim of this study is to describe and analyze epidemiological and clinical features 

of children screened for COVID-19 at Sibiu Pediatric Clinical Hospital. This information 

could contribute to extend the understanding of this disease in pediatric patients. 

2. Materials and Methods 

This was a retrospective, single-center study, including all children under 18 years 

confirmed with SARS-CoV-2 infection, diagnosed by RT-PCR, tested between 1 March 

2020 and 30 November 2020, hospitalized in the Pediatric Clinical Hospital, Sibiu. This 

study was approved by the ethics committee of the Pediatric Children’s Hospital Sibiu (no. 

4065/12 June 2020) and followed the Declaration of Helsinki. The diagnosis of COVID-19 

was based on the criterion of the World Health Organization (WHO) interim guidance [22]. 

The data were obtained retrospectively from electronic medical records. We reviewed 

demographic data, exposure history, clinical symptoms, mixed infections, comorbidities, 

laboratory data, radiological characteristics, treatment and outcomes. Exposure history 

was focused on the source of infection (SARS-CoV-2 infection diagnosis in the child’s 

family, close contacts with a possible/confirmed SARS-CoV-2-infected individual). Clinical 

symptoms include the symptoms recorded at the time of hospitalization/testing. Mixed 

infections were defined as the concurrent infection of a patient with 2 or more pathogens. 

The included clinical types of COVID-19 in pediatric patients were defined as asymp- 

tomatic infection, mild, moderate, severe and critical cases, based on the clinical features, 

laboratory testing and chest X-ray imaging [15–18]. 

1. Asymptomatic infection: without any clinical symptoms, signs and abnormal chest 
imaging at time of screening but with positive RT-PCR test for SARS-CoV-2. 

2. Mild: with upper respiratory symptoms (fever, fatigue, myalgia, cough, sore throat, 

nasal congestion, runny nose, digestive symptoms, etc.) and without abnormal 

radiography or auscultatory abnormalities. 

3. Moderate: with pneumonia and symptoms such as fever, cough, nasal congestion, 

sore throat, fatigue, headache and with abnormal radiography. 

4. Severe: mild or moderate clinical features accompanied by: oxygen saturation less 

than 92%, lack of consciousness/convulsions and any other manifestations suggesting 

injuries to vital organs. 

5. Critical: rapid disease progression, respiratory failure with need for mechanical 

ventilation, organ failure monitoring in the intensive care unit. 

Laboratory examinations included hematological, serum biochemical (measurement 

of biomarkers for monitoring liver, myocardial, and renal functions), and acute-phase 

protein tests. We considered laboratory references as normal ranges adjusted to age 

and gender, as defined in the “Reference ranges for adults and children: pre-analytical 

considerations” [23]. 
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RT-PCR tests were conducted to identify the presence of the virus in the respiratory 

tract by collecting a nasal exudate and a pharyngeal exudate on the first day of hospitaliza- 

tion. For RT-PCR testing, automatic extraction is used, on a 24-position extractor Lab-Aid 

824-Zeesan, and the amplification is done on a BIORAD CFX2s device. 

We presented categorical variables as frequencies and percentages while continuous 

variables were presented as mean (SD: standard deviation) when values were normally 

distributed and median (IQR: interquartile range) otherwise. Comparison between groups 

were conducted using Chi-square or Fisher’s exact test in case of categorical data and 

independent group t-tests, ANOVA, Mann–Whitney U or Kruskal–Wallis H test in case of 

continuous data. A p-value <0.05 was considered statistically significant. 

3. Results 

RT-PCR was applied to 1719 children who attended the Pediatric Clinical Hospital, 

Sibiu, between 1 March 2020 and 30 November 2020. Of these, 203 patients representing 

confirmed COVID-19 cases (positive for the RT-PCR test) were included in the study. The 

median age was 121 (IQR 18–181) months and female cases were predominant (n = 106, 

52.22 % vs. n = 94, 47.78%). 

The sources of infection were by close contact with family members (n = 131, 64.53%), 

contact with other suspected cases (n = 24, 11.82%), and 48 patients (23.65%) were cases 

with unidentified source of infection. Thirty family clusters involving 71 children were 

encountered. Family clusters were defined as 3 or more than 3 people (at least 2 children 

and at least 1 adult family member) with confirmed cases in one family. These were mostly 

secondary cases, where the transmission was from adults to children. 

Patients in our study presented mild (n = 106, 52.22%), moderate (n = 72, 35.47%), 

severe (n = 8, 3.94%), critically ill disease (n = 2, 0.99%), and 15 (7.39%) patients were 

asymptomatic. We considered asymptomatic patients as children who presented to the 

hospital for other medical problems (limb fractures, appendicitis, etc.) that required testing 

and were thus diagnosed with SARS-CoV-2 infection. 

Demographic data and clinical characteristics of cases are summarized in Table 1. 

 
Table 1. Characteristics of patients on admission, stratified by clinical types. 

 
 
 
 
 
 
 
 
 
 

 
 

 
infection 

members 

cases 

infection 

(median (IQR)) 

Patient Characteristics 
Total 

Asymptomatic Mild Moderate Severe 

203(100) 15(7.4) 106(52.2) 72(35.5) 10(4.9) 

Gender 
Male 97(47.78) 10(66.67) 46(43.40) 34(47.22) 7(70.00) 

Female 106(52.22) 5(33.33) 60(56.60) 38(52.78) 3(30.00) 

Median mo. 121 155 100.50 133.50 74.50 
(IQR) (18;181) (84;168) (14;176) (25.50;187) (25;168) 

Age 
<1 year 39(19.21) 0(0.00) 23(21.70) 14(19.44) 2(20.00) 
1–5 year 35(17.24) 2(13.33) 22(20.75) 8(11.11) 3(30.00) 

6–10 year 27(13.30) 4(26.67) 15(14.15) 7(9.72) 1(10.00) 

>10 year 102(50.25) 9(60.00) 46(43.40) 43(59.72) 4(40.00) 

Contact with family 
131(64.53) 0(0.00) 76(71.70) 54(75.00) 1(10.00) 

Source of Contact with suspected 
24(11.82) 1(6.67) 10(9.43) 12(16.67) 1(10.00) 

Unidentified source of 
48(23.65) 14(93.33) 20(18.87) 6(8.33) 8(80.00) 

Time from onset to hospital admission 
2(1;4) 

 
2(1;3) 2(1;4) 1(1;5) 

Unilateral 9(4.43) 0(0.00) 9(12.50) 0(0.00) 
Radiography 

Bilateral 
73(35.96) 0(0.00) 63(87.50) 10(100) 

Ground-glass opacity 37(18.23) 0(0.00) 38(25.78) 7(70.00) 

Patchy shadows 45(22.17) 0(0.00) 34(47.22) 3(30.00) 
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Table 1. Cont. 

 

Patient Characteristics 
Total 

Asymptomatic Mild Moderate Severe 

203(100) 15(7.4) 106(52.2) 72(35.5) 10(4.9) 

Median no. of symptoms 4 4 5 1.50 
(IQR) (3;5) (3;5) (3;6) (1;3) 
Fever 130(64.03) 73(68.87) 52(72.22) 5(50.00) 

Fatigue 57(28.07) 28(26.42) 26(36.11) 3(30.00) 
Myalgia 24(11.82) 17(16.04) 6(8.33) 1(10.00) 
Cough 128(63.05) 75(70.75) 51(70.83) 2(20.00) 

Sore throat 64(31.52) 30(28.30) 34(47.22) 0(0.00) 

Symptoms 
Rhinorrhea 63(31.03) 32(30.19) 29(40.28) 2(20.00) 

Nasal congestion 138(67.98) 77(72.64) 58(80.56) 3(30.00) 
Hyposmia/hypogeusia 20(9.85) 12(11.32) 7(9.72) 1(10.00) 

Diarrhea 39(19.21) 25(23.58) 13(18.06) 1(10.00) 
Vomiting 32(15.76) 18(16.98) 12(16.67) 2(20.00) 
Nausea 6(2.955) 5(4.72) 1(1.39) 0(0.00) 

Abdominal pain 22(10.83) 15(14.15) 7(9.72) 0(0.00) 
Headache 47(23.15) 21(19.81) 25(34.72) 1(10.00) 

Dizziness 4(1.97) 2(1.89) 2(2.78) 0(0.00) 

Mixed Candida 78(38.42) 41(38.68) 35(48.61) 2(20.00) 

infections Hemolytic staph. aureus 37(18.22) 14(13.21) 21(29.17) 2(20.00) 

Anemia 41(20.19) 22(20.75) 18(25.00) 1(10.00) 
Comorbidities 

Malnutrition 
16(7.88) 7(6.60) 5(6.94) 4(40.00) 

Renal failure 2(0.99) 1(0.94) 0(0.00) 1(10.00) 

Epilepsy 7(3.45) 3(2.83) 0(0.00) 4(40.00) 

 

On admission, the most frequent symptoms were fever (n = 130, 64.03%), nasal 

congestion (n = 138, 67.98%), cough (n = 128, 63.05%), followed by sore throat (n = 64, 

31.52%), rhinorrhea (n = 63, 31.03%), fatigue (n = 57, 28.07%), headache (n = 47, 23.15%), 

diarrhea (n=39, 19.21%), vomiting (n = 32, 15.76%), myalgia (n = 24, 11.82%), abdominal 

pain (n = 22, 10.83%), with a median of 4 (IQR 3-5) for symptoms/patient. 

Some symptoms differed between mild and moderate clinical type of COVID-19. In 

cases of children with moderate clinical type, there were more children with sore throat 

(n = 34, 47.22% vs. n = 30, 28.30%, p = 0.010), headache (n = 25, 34.72% vs. n = 21, 19.81%, 

p = 0.026), rhinorrhea (n = 29, 40.28% vs. n = 32, 30.19%, p = 0.164), fatigue (n = 26, 36.11% 

vs. n = 28, 26.42%, p = 0.167) than in case of mild clinical type. There was no significant 

difference in fever (n = 52, 72.22% vs. n = 73, 68.87%, p = 0.631) and cough (n = 51, 70.83% 

vs. n = 75, 71.75%, p = 0.991) between moderate and mild groups. Other respiratory 

co-infection with candida (n = 78, 32.42%) and hemolytic staphylococcus aureus (n = 37, 

18.22%) were reported. Some patients also presented comorbidities like anemia (n = 41, 

20.19%), malnutrition (n = 16, 7.88%), epilepsy (n = 7, 3.45%) and renal failure (n = 2, 

0.99%). In cases of children with gastrointestinal manifestations, no other significant 

findings (adenovirus, rotavirus, norovirus) were observed in routine stool tests. Abnormal 

radiographic presentations were seen in 40.39% (n = 82) of cases, 18.23% (n = 37) pediatric 

patients had pulmonary ground-glass opacities, and 22.17% (n = 45) had patchy shadows. 

Unilateral lesions were encountered in less than 5% of patients (n = 9, 4.43%) and bilateral 

lesions were detected in 35.96% (n = 73) of pediatric patients. 

The laboratory examination related to hematological, serum biochemical (measure- 

ment of biomarkers for monitoring liver, myocardial, and renal functions), and acute-phase 

protein are reported in Table 2. 
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Table 2. Laboratory findings of patients on admission, stratified by clinical types. 

 

Laboratory Data 
Total 

Asymptomatic Mild Moderate Severe 

203(100) 15(7.4) 106(52.2) 72(35.5) 10(4.9) 

White blood 
Median 6500 7870 6645 5980 11,645 

cells 
(IQR) (4850;8780) (5810;9760) (5160;9820) (5425;9425) (5970;9530) 

cells/µL 
Decreased 6(2.96) 0(0.00) 3(2.83) 3(4.17) 0(0.00) 

Increased 29(14.29) 3(20.00) 15(14.15) 6(8.33) 5(50.00) 

Neutrophils 
Mean ± SD 

44.09 ± 19.24 50.87 ± 16.01 43.16 ± 19.51 41.98 ± 18.45 58.89 ± 20.54 

% 
Decreased 65(32.02) 4(26.67) 31(29.25) 29(40.28) 1(10.00) 

Increased 34(16.75) 1(6.67) 19(17.92) 9(12.50) 5(50.00) 

Lymphocytes 
Mean ± SD 

41.37 ± 18.33 36.41 ± 13.31 42.38 ± 18.86 43.09 ± 17.94 25.70 ± 15.03 

% 
Decreased 109(53.69) 10(66.67) 53(50.00) 37(51.39) 9(90.00) 

Increased 27(13.30) 0(0.00) 13(12.26) 13(18.06) 1(10.00) 

NLR 
Median 1.13 1.48 1.03 1.10 2.92 

(IQR) (0.59;1.96) (1.04;1.95) (0.50;1.98) (0.62;1.66) (1.20;4.82) 

Monocytes Mean ± SD 12.05 ± 5.25 9.87 ± 3.91 11.78 ± 4.85 12.95 ± 5.91 11.60 ± 5.45 

% Increased 90(44.33) 4(26.67) 45(42.45) 36(50.00) 5(50.00) 

Median 1.20 1.40 1.15 1.20 0.50 
Eosinophils (IQR) (0.40;2.40) (0.60;4.00) (0.40;2.50) (0.20;2.05) (0.10;1.80) 

% Decreased 3(1.48) 0(0.00) 1(0.94) 1(1.39) 1(10.00) 

Increased 24(11.82) 3(20.00) 12(11.32) 7(9.72) 2(20.00) 

Median 0.30 0.30 0.30 0.30 0.30 
Basophils (IQR) (0.20;0.50) (0.20;0.50) (0.20;0.40) (0.20;0.50) (0.10;0.40) 

% Decreased 1(0.50) 0(0.00) 1(0.94) 0(0.00) 0(0.00) 

Increased 6(2.97) 0(0.00) 3(2.86) 3(4.17) 0(0.00) 

C-reactive 
Median 

2.00 2.00 3.00 2.00 2.14 
protein 

(IQR) 
(2.00;5.70) (2.00;3.15) (2.00;9.00) (2.00;3.00) (2.00;3.00) 

mg/L 
Decreased 1(0.50) 0(0.00) 1(0.94) 0(0.00) 0(0.00) 

Increased 51(25.12) 2(13.33) 32(30.19) 16(22.22) 1(10.00) 

Median 27.00 24.00 28.00 27.00 28.50 
AST (IQR) (20.00;41.00) (19.00;37.00) (20.00;39.00) (20.00;43.00) (20.00;45.00) 
U/L Decreased 1(0.50) 0(0.00) 1(0.94) 0(0.00) 0(0.00) 

Increased 20(9.85) 1(6.67) 11(10.38) 7(9.72) 1(10.00) 

Median 17.00 16.00 16.50 19.00 21.00 
ALT (IQR) (13.00;26.00) (13.00;22.00) (12.00;26.00) (13.50;30.50) (16.00;23.00) 
U/L Decreased 1(0.50) 0(0.00) 1(0.94) 0(0.00) 0(0.00) 

Increased 18(8.87) 1(6.67) 8(7.55) 8(11.11) 1(10.00) 

Urea 
Mean ± SD 23.55 ± 7.70 22.46 ± 3.96 23.32 ± 7.84 23.23 ± 7.47 29.90 ± 9.96 

mg/dL 
Decreased 13(6.40) 0(0.00) 9(8.49) 4(5.56) 0(0.00) 

Increased 3(1.48) 0(0.00) 1(0.94) 1(1.39) 1(10.00) 

Creatinine 
Mean ± SD 

0.61 ± 0.17 0.63 ± 0.10 0.58 ± 0.17 0.64 ± 0.17 0.62 ± 0.20 

mg/dL 
Decreased 1(0.50) 0(0.00) 1(0.94) 0(0.00) 0(0.00) 

Increased 6(2.96) 0(0.00) 3(2.83) 2(2.78) 1(10.00) 

Median 9.10 10.20 8.80 9.12 5.93 
Iron (IQR) (5.52;14.50) (5.80;14.50) (4.92;14.64) (5.90;14.44) (4.50;18.52) 
µmol/L Decreased 43(23.37) 1(9.09) 24(25.00) 14(20.29) 4(50.00) 

Increased 22(11.96) 1(9.09) 10(10.42) 9(13.04) 2(25.00) 

 

On laboratory assessment, 53% of patients were noted to have lymphopenia, neutrope- 

nia 32.02% (n = 65), and low iron 23.37% (n = 43). In contrast, patients also had monocytosis 

(n = 90, 44.33%), elevated C-reactive protein (n = 51, 25.12%, a significant inflammatory 

marker [24] also in COVID-19), neutrophilia (n = 34, 16.75%), leukocytosis (n = 29, 14.29%), 

elevated iron (n = 22, 11.96%), and increased number of eosinophils (n = 24, 11.82%). 
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Biomarkers for monitoring liver, myocardial and renal functions revealed high level 

of alanine aminotransferase in 8.87% (n = 18) of cases, high level of aspartate transferase in 

9.85% (n = 20) of cases, and high level of creatinine in 2.96% (n = 6) of cases while there 

was only one case with low values for each of these biomarkers. There were 6.40% (n = 13) 

cases with low-level values of urea and only 3 (1.48%) patients had high level of urea. 

The association test (Chi-square or Fisher) results indicated that there are significant 

differences in values of leucocyte, neutrophil and lymphocyte between considered clinical 

types. A higher proportion of infants with severe or critical disease was encountered with 

lymphopenia (n = 9, 90%), neutrophilia (n = 5, 50%), leukocytosis (n = 5, 50%) compared 

with asymptomatic infants (n=10, 66.67%, n = 1, 6.67%, n = 3, 20%) or mild (n = 53, 50%, 

n = 19, 17.92%, n = 15, 14.15%) and moderate (n = 37, 51.39%, n = 9, 12.50%, n = 6, 8.33%) 

cases (p = 0.095, p = 0.042, p = 0.034). 

Most patients had a mild disease progression and received only antipyretics treatment. 

Hydroxychloroquine and lopinavir-ritonavir syrup were administered to 23.15% (n = 47) 

patients, antibiotics were received by 38.42% (n = 78), and mechanical ventilation was 

required for 2 (0.99%) patients. Twelve patients received antibiotic therapy due to concerns 

about viral-bacterial mixed co-infection. Additionally, antibiotics were given to five patients 

who were diagnosed with other acute upper respiratory tract infections before detection 

and confirmation of COVID-19. All patients were discharged except the two cases with 

critical ill condition who died. The median duration of hospitalization was 4 (IQR 2–9) days 

for all patients. The length of stay in mild (5.50, IQR 2–11) and moderate (4, IQR 3–7) cases 

was shorter than in severe (8.50, IQR 4–13) cases (Table 3). In some cases, the hospitalization 

was shorter than the duration of viral shedding. These cases were quarantined for 2 weeks 

at home, in order to prevent the spread of the virus. Close contacts were mandatorily 

isolated for 14 days and were monitored by telephone by public health officials. 

 
Table 3. Treatment and outcome of patients, stratified by clinical types. 

 
 
 
 
 

 
therapy 

ventilation 

 
 
 
 

 

In this study, there were two cases of patients who died. These patients had several co- 

existing comorbidities (pre-existing medical conditions; neurological disorders). Previous 

reports also indicated a small proportion of critically unwell children and, as in adults, 

with chronic pre-existing comorbidities [3,25,26]. 

3.1. Case 1 

An 11-month-old boy with a past history of epilepsy and major neonatal encephalopa- 

thy was admitted for respiratory distress with fever related to bilateral pneumonia. SARS- 

CoV-2 was identified on nasopharyngeal swabs by RT-PCR. Despite antibiotics, antivirals, 

and anticoagulation therapy, there was a rapid respiratory deterioration progressing to 

acute respiratory distress syndrome. He underwent intubation and noninvasive mechani- 

cal ventilation but developed refractory hypoxemia and multiorgan failure. He died 6 days 

after the confirmation of SARS-CoV-2. 

Treatment and Outcome 
Total 

Asymptomatic Mild Moderate Severe 
203(100) 15(7.4) 106(52.2) 72(35.5) 10(4.9) 

Antibiotic 
78(38.42) 

Treatment 
therapy 0(0.00) 31(29.25) 39(54.17) 8(80.00) 

Antiviral 
47(23.15) 0(0.00) 16(15.09) 26(36.11) 5(50.00) 

Mechanical 
2(0.99) 0(0.00) 0(0.00) 0(0.00) 2(20.00) 

Duration of hospitalization 4 2 5.50 4 8.50 

(days, median (IQR)) (2;9) (2;4) (2;11) (3;7) (4;13) 

Clinical Discharged 201(99.01) 15(100.00) 106(100.00) 72(100.00) 8(80.00) 

outcome Died 2(0.99) 0(0.00) 0(0.00) 0(0.00) 2(20.00) 
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3.2. Case 2 

A 3-year and 11-month-old boy with a past history of autism, severe psychomotor 

impairment, flaccid paraparesis, and Holt–Oram syndrome. The disease started with fever 

(38.5 ◦C) and cough. Radiography was performed, and findings were typical of COVID-19 

infection, which was confirmed by PCR (nasopharyngeal swabs). He underwent nonin- 

vasive high-flow nasal O2 therapy (20–25 L/min to 50 L/min, 40% SpO2). The results 

of imagistic reevaluation indicated unfavorable evolutionary aspects and appearance of 

abscessed pneumonia (with SpO2 38%). During the hospital stay, he received drugs, conva- 

lescent plasma therapy, and needed orotracheal intubation and mechanical ventilation. He 

developed severe bradycardia followed by asystole and did not respond to resuscitation 

maneuvers. He died 23 days after the confirmation of SARS-CoV-2. 

4. Discussion 

This study examines clinical and epidemiological characteristics of pediatric SARS- 

CoV-2 infection from Romania (most of the research articles on pediatrics patients include 

Chinese data [1–3,5–7,11–14,16,18,20,21,26]). 

More than 50% of infected children had close contact with family members with 

COVID-19. Spread of the infection in patients’ families had also been reported in various 

studies [11,27,28]. 

The clinical manifestations of pediatric patients are predominantly asymptomatic or 

mild disease; critical diseases were seen only in two patients, in agreement with reported 

results in pediatric patients. These findings advocate that COVID-19, which has caused 

millions of deaths worldwide, has a better prognosis in children than adults [16,29–32]. 

Why this happens needs further investigation. Angiotensin 2 conversion enzyme (ACE2) 

has been established as a functional receptor for SARS-CoV-2 [33,34] and which provides 

viral entry into human cells [35,36]. ACE2 is encountered in a variety of cells from different 

human organs (lung alveolar epithelial, small intestinal epithelial, vascular endothelial, 

smooth muscle cells, brush border cells, cellular cells, parietal epithelial cells, basal epi- 

dermal layer of skin, oral and nasal mucosa) and absent in others (lymphoid tissular and 

hepatobiliary structures) but the role of ACE2-expressing organs do not equally participate 

in COVID-19 pathophysiology [33,35]. There are studies indicating that ACE2 maturity 

and function in children may be lower than in adults [37,38]. Additionally, children rarely 

have comorbidities (nephrotic syndrome, insufficient cardiac, hypertension, diabetes, liver 

diseases, and dyslipidemia) compared with adults. 

In our study, frequent symptoms were observed in both the systemic and respiratory 

systems, ear, nose and throat system, and less from gastrointestinal system, central nervous 

system or ocular system. These results are consistent with those from previous reports. 

Symptoms such as fever and cough in more than 60% of cases were mentioned by [13,20,26]. 

In our study, episodes of fever as a symptom (mentioned at the time of hospitalization) were 

considered. Research in pediatric patients reported fever and cough as the most common 

symptoms in children diagnosed with COVID-19 with the proportion of fever between 

20% and 100%, respectively, and proportion of cough between 11% and 100% [19,39–42]. 

Moreover, research in adult patients reported the fever and cough as the most common 

symptoms with prevalence of fever at 78% (95% CI 75–81) and prevalence of cough 57% 

(95% CI 54–60) [43]. A possible explanation of percentual variation may be related to 

(small) sample size and/or of how fever is defined: temperature measured at the time of 

admission or measured before or during hospitalization, different levels of temperature 

(>37 ◦C or >37.3 ◦C or >37.5 ◦C or >38 ◦C or >39 ◦C or unmentioned) [12,13,19,40,44]. In 
the present study, symptoms such as sore throat, rhinorrhea, fatigue, headache, diarrhea, 
vomiting, myalgia, and abdominal pain, were observed in a lower percentage of patients. 
These percentages are in accordance with some pediatric studies [20], and in contrast with 
others [19] or, are approximatively 10% higher than the estimates for adults [43]. 

Our results of abnormal laboratory findings indicated lymphopenia in more than 50% 

of cases. Moreover, in cases of severe or critically ill patients, 90% had lymphopenia. Our 
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results are comparable with those of [18,45], but are in disagreement with [12,46–49]. With 

adult patients, lymphopenia was found in 82% of cases in [50], with values between 2.9% 

and 72.3% in the review [51]. 

Present results showed higher proportion of children with severe or critical disease 

with lymphopenia, neutrophilia, or leukocytosis compared with asymptomatic children 

with mild and moderate cases. In the review [52] including 24 studies with 270 participants 

with multisystem inflammatory condition (MIS-C), case studies from Europe and the 

United States, leukocytosis, neutrophilia and lymphopenia were encountered accompanied 

by one or more increased inflammatory markers (CRP, procalcitonin (PCT), erythrocyte 

sedimentation rate (ESR), ferritin, IL-6, D-Dimer). The main manifestations were fever 

and gastrointestinal symptoms (abdominal pain or vomiting). When selecting children 

with abdominal pain or vomiting in our study, the results were similar with [52] and a 

different profile was noticed in comparison with the whole group: leukocytosis 18.75% 

vs. 14.29%, neutrophilia 27.08% vs. 16.75%, lymphopenia 75% vs. 53.69%, elevated CRP 

41.67% vs. 25.12% [52]. In a study in neonates and young infants [53], neutropenia and/or 

monocytosis without lymphopenia was detected in more than 70% of cases. Additionally, 

other studies associated lymphopenia with progression of lung disease [54–56]. This 

association between lymphopenia and progression of disease severity has also been noticed 

in our study, with 90% of cases from severe or critical group having lymphopenia compared 

with approximatively 50% from mild or moderate group (p = 0.006, p = 0.005). 

According to our current data, there is an increase in levels of liver and myocardial 

enzymes with the increase of the disease severity (ALT: asymptomatic 16 (IQR 13–22) 

vs. mild 16.5 (IQR 12–26) vs. moderate 19 (IQR 13.5–30.5) vs. severe or critically ill 21 

(IQR 16–23), AST: asymptomatic 24 (IQR 19–37) vs. mild 28 (IQR 20–39) vs. moderate 

27 (IQR 20–43) vs. severe or critically ill 28.5 (IQR 20–45)) but the differences are not 

statistically significant as in another study [57] (ALT: mild 13 (IQR 11–18.8) vs. moderate 

18 (IQR 12.3–33.8), AST: mild 25 (IQR 20.3–34.5) vs. moderate 33 (IQR 24–46.8)). 

One limitation of this study is that it was a retrospective and single-center study 
of pediatric patients. The laboratory data includes only the markers which are usually 
recorded by any hospital. For a better understanding of COVID-19 disease in children, 
additional detailed patient data collected on a long-term follow-up (multicentered, if 
possible) could improve our findings. Further research including additional biomarkers 

(Immunoglobulins IgA, IgG, IgM, IgE; cytokines, tumor necrosis factor (TNF-α), D-Dimer; 

procalcitonin (PCT)) may help to (i) extend the understanding of the risk factors associated 
with SARS-CoV-2 severity and (ii) improve clinical management. Additionally, many recent 
research reports have shown particular aspects regarding number of platelets (thrombocyto- 

sis/thrombocytopenia), morphology of platelets and volume (hyperchromatic, protruding 

in pseudopodia formations) [58–60]. Future studies might envisage advanced laboratory 

techniques to predict increased level of risks for prothrombotic events using nanomedicine 

approaches such as AFM, FTIR, and RAMAN imaging [61–64]. In addition, analyzing 

samples other than blood, saliva for example, with its electrolyte imbalances for sodium, 

potassium, and calcium might show promise to differentiate mild and severe COVID-19 

disease forms [65,66] in children. Moreover, laboratory parameters may have been influ- 

enced by other patient-related factors and preexisting health conditions, which we did not 

consider in the study for lack of information. 

Comparison of clinical, hematological, and immunological profiles between children 

with COVID-19 pneumonia and/or healthy children and/or non-COVID-19 pneumonia, 

could also help in obtaining evidence about the role of different biomarkers in the develop- 

ment of COVID-19 pneumonia. As there were only two children with severe COVID-19 

during the study period, we could not define the exact reasons for the severity of the 

disease or a profile for severe cases. However, our results indicated that children with 

pre-existing comorbidities (in our study, neurological disorders) have a predisposition to 

critical illness. 
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Our study offers insights into pediatric cases with COVID-19, diagnosed and treated in 

a Centre in Romania. Understanding the clinical and laboratory characteristics of pediatric 

patients is important for diagnosis, management, and effective control of the disease. Our 

results and information from existing reports could be used as clues in further researches. 
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