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Abstract: 
Persistent nutritional deficiencies and muscle weakness are common in post-COVID syndrome and may impair functional recovery 
and quality of life. A prospective observational study included 100 adult post-COVID rehabilitation patients over 12 months. 
Nutritional status, handgrip strength, Medical Research Council scores and Barthel Index were assessed, along with serum vitamin 
D, vitamin B12, hemoglobin, albumin and ferritin and C reactive protein levels. Vitamin D deficiency was present in 64% of 
participants and was associated with lower handgrip strength (18.9 ± 5.2 vs. 26.7 ± 5.8 kg, p<0.001), while vitamin B12 deficiency and 
hypoalbuminemia occurred in 38% and 29%, respectively. Thus, nutritional deficiencies were associated with impaired muscle 
strength and functional performance, supporting early nutritional assessment and targeted supplementation during post-COVID 

rehabilitation. 
 
Keywords: Post-COVID syndrome, nutritional deficiency, vitamin D, muscle weakness, rehabilitation, handgrip strength, functional 
recovery 

 
Background: 

Coronavirus disease 2019 (COVID-19) can produce persistent 
health consequences beyond the acute phase of infection [1]. A 
proportion of COVID-19 survivors develop persistent symptoms 
collectively referred to as post-COVID condition or long COVID 
[2]. Common manifestations include fatigue, reduced exercise 
capacity, muscle weakness, cognitive difficulties and impaired 
quality of life [2, 3]. These persistent symptoms can interfere 
with physical functioning and increase the need for structured 
rehabilitation [4]. Muscle weakness after COVID-19 may result 
from systemic inflammation, prolonged immobilization, critical 

illness, corticosteroid exposure, reduced physical activity and 
inadequate nutritional intake [5, 6]. Patients requiring intensive 
care are particularly vulnerable to muscle wasting because of 
prolonged bed rest, mechanical ventilation and systemic 
catabolic stress. Reduced muscle strength has also been reported 
among patients recovering from non-critical COVID-19, 
indicating that functional impairment may persist beyond 
hospitalization [7]. Nutritional abnormalities are frequently 
reported in patients recovering from COVID-19 and may 
contribute to impaired physical recovery [8]. Vitamin D 

deficiency has been associated with impaired muscle function 
and reduced physical performance, while deficiencies of vitamin 
B12, iron and other nutrients can contribute to fatigue and 

neuromuscular dysfunction [9, 10]. Therefore, it is of interest to 
evaluate the prevalence of nutritional deficiencies among post-
COVID rehabilitation patients and to show their association with 

muscle weakness and functional recovery. 
 
Methodology: 
Study design and setting: 
A prospective observational cross-sectional study was 

conducted in the Department of Physical Medicine and 
Rehabilitation in collaboration with the Department of General 
Medicine and Clinical Biochemistry at a tertiary care teaching 
hospital over a period of 12 months. Ethical approval was 
obtained from the Institutional Ethics Committee before 
commencement of the study. Written informed consent was 
obtained from all participants. 
 
Study population: 

Adult patients attending the post-COVID rehabilitation clinic 
after confirmed SARS-CoV-2 infection were consecutively 
screened for eligibility. COVID-19 infection had been confirmed 
previously by RT-PCR or rapid antigen testing. Patients were 
enrolled between four weeks and six months following recovery 
from acute infection. 
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Sample size: 
A total of 100 post-COVID rehabilitation patients fulfilling the 
eligibility criteria were included in the study. The sample size 
was determined considering the expected prevalence of 
nutritional deficiencies among post-COVID survivors with a 

95% confidence level and adequate statistical precision. 
 
Inclusion criteria: 
[1] Adults aged 18 years and above.  
[2] Previous laboratory-confirmed COVID-19 infection.  
[3] Patients attending post-COVID rehabilitation within six 

months of recovery.  
[4] Persistent complaints of fatigue, reduced exercise tolerance, 

or muscle weakness.  
[5] Patients willing to provide written informed consent.  

 
Exclusion criteria: 
[1] Pre-existing neuromuscular disorders.  
[2] Chronic kidney disease stage IV or above.  
[3] Chronic liver disease.  
[4] Active malignancy.  

[5] Autoimmune muscle disorders.  
[6] Pregnancy.  
[7] Patients receiving long-term nutritional supplementation 

before COVID-19.  
[8] Incomplete laboratory investigations.  

 
Data collection: 
After obtaining informed consent, demographic information 

including age, sex and occupation, smoking history, alcohol 
intake, comorbidities and duration since COVID-19 recovery, 
hospitalization history, oxygen therapy, intensive care admission 
and corticosteroid exposure were recorded. Anthropometric 
measurements including height, weight, body mass index (BMI), 
mid-arm circumference and calf circumference were measured 
using standardized protocols. 
 
Clinical assessment: 
Muscle strength was evaluated using: 
[1] Medical Research Council (MRC) Muscle Strength Scale  
[2] Handgrip Strength Test using a calibrated dynamometer  
[3] Five Times Sit-to-Stand Test (5STS)  
[4] Six-Minute Walk Test (6MWT)  
 
Functional independence was assessed using the Barthel Index. 

Fatigue severity was assessed using the Fatigue Severity Scale 
(FSS). 
 
Laboratory investigations: 
Venous blood samples were collected after overnight fasting 
for estimation of: 
[1] Complete blood count  
[2] Hemoglobin  
[3] Serum Vitamin D (25-hydroxyvitamin D)  
[4] Serum Vitamin B12  
[5] Serum Ferritin  

[6] Serum Albumin  
[7] Serum Calcium  
[8] Serum Iron  
[9] Total Iron Binding Capacity (TIBC)  
[10] C-Reactive Protein (CRP)  
[11] Erythrocyte Sedimentation Rate (ESR)  
[12] Serum Creatinine  

[13] Liver Function Tests  
 
Vitamin D deficiency was defined as serum 25(OH) D levels <20 
ng/mL. Vitamin B12 deficiency was defined as serum vitamin 
B12 levels <200 pg/mL. Hypoalbuminemia was defined as 
serum albumin <3.5 g/dL. Anemia was defined according to 
World Health Organization criteria. 
 
Outcome measures: 

Primary outcomes: 
[1] Prevalence of nutritional deficiencies.  
[2] Muscle strength measured by handgrip dynamometry.  
[3] Medical Research Council muscle strength score.  

 
Secondary outcomes: 
[1] Functional independence assessed by Barthel Index.  
[2] Association between nutritional biomarkers and muscle 

weakness.  
[3] Predictors of severe muscle weakness.  

 
Statistical analysis: 
Data were entered into Microsoft Excel and analyzed using IBM 

SPSS Statistics version 26.0. Continuous variables were 
expressed as mean ± standard deviation, whereas categorical 
variables were presented as frequency and percentage. 
Independent Student's t-test and one-way analysis of variance 
were used for continuous variables. Chi-square or Fisher's exact 
tests were used for categorical variables. Pearson correlation 
analysis evaluated associations between nutritional biomarkers 
and muscle strength. Multivariable logistic regression analysis 
identified independent predictors of severe muscle weakness. A 
p-value <0.05 was considered statistically significant. 

 
Results: 
A total of 100 post-COVID rehabilitation patients were included 
in the study. The mean age of the participants was 49.8 ± 13.2 
years, with males constituting 56% of the study population. 
Nearly half of the participants had at least one underlying 

comorbidity, most commonly diabetes mellitus and 
hypertension. Approximately 61% had required hospitalization 
during acute COVID-19 infection, while 22% had received 
intensive care treatment (Table 1). Laboratory evaluation 
showed that vitamin D deficiency was the most common 
nutritional abnormality, followed by anemia, vitamin B12 
deficiency and hypoalbuminemia (Table 2). Muscle strength 
assessment showed persistent weakness among a substantial 
proportion of post-COVID patients despite completion of the 
acute illness (Table 3). Vitamin D deficiency demonstrated a 

significant association with reduced muscle strength and poorer 
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functional recovery (Table 4). Patients with vitamin B12 
deficiency also demonstrated poorer rehabilitation outcomes 
(Table 5). Patients with hypoalbuminemia exhibited 
significantly poorer muscle performance than those with normal 
serum albumin (Table 6). Correlation analysis demonstrated 
positive associations between nutritional biomarkers and muscle 
performance, while inflammatory markers (CRP and ferritin) 

were negatively correlated with handgrip strength (Table 7). 
Multivariable logistic regression identified vitamin D deficiency, 
hypoalbuminemia, vitamin B12 deficiency and ICU admission as 
independent predictors of severe muscle weakness (Table 8). 
The overall prevalence of nutritional abnormalities among post-
COVID rehabilitation patients is summarized in Table 9. 
 
Table 1: Baseline demographic and clinical characteristics (n=100)  

Variable Value 

Age (years), Mean ± SD 49.8 ± 13.2 
Male, n (%) 56 (56.0) 
Female, n (%) 44 (44.0) 
BMI (kg/m²), Mean ± SD 25.9 ± 4.6 
Diabetes mellitus, n (%) 34 (34.0) 
Hypertension, n (%) 31 (31.0) 
Hospitalized during COVID-19, n (%) 61 (61.0) 
ICU admission, n (%) 22 (22.0) 
Corticosteroid therapy, n (%) 47 (47.0) 
Duration since recovery (weeks), Mean ± SD 9.4 ± 3.8 

 
Table 2: Nutritional profile of participants  

Parameter Mean ± SD / n (%) 

Vitamin D (ng/mL) 18.6 ± 7.9 
Vitamin D deficiency 64 (64.0) 
Vitamin B12 (pg/mL) 278.5 ± 112.8 
Vitamin B12 deficiency 38 (38.0) 
Hemoglobin (g/dL) 11.8 ± 1.9 
Anemia 42 (42.0) 
Serum Albumin (g/dL) 3.7 ± 0.6 
Hypoalbuminemia 29 (29.0) 
Ferritin (ng/mL) 268.4 ± 104.8 
Elevated CRP 36 (36.0) 

 
Table 3: Muscle strength and functional assessment  

Parameter Mean ± SD 

Handgrip strength (kg) 21.7 ± 6.5 
MRC muscle score 50.6 ± 5.8 
Five Times Sit-to-Stand (seconds) 15.3 ± 4.7 
Six-Minute Walk Distance (m) 358.4 ± 82.6 
Barthel Index 82.4 ± 11.8 
Fatigue Severity Scale 4.9 ± 1.4 

 
Table 4: Association between Vitamin D deficiency and muscle strength 

Variable Vitamin D  

Deficient (n=64) 
Normal  

Vitamin D (n=36) 
p- 

value 

Handgrip strength (kg) 18.9 ± 5.2 26.7 ± 5.8 <0.001 
MRC score 48.8 ± 5.4 53.8 ± 4.6 <0.001 
Six-minute walk 

distance (m) 
331.8 ± 71.5 405.6 ± 68.3 <0.001 

Barthel Index 78.6 ± 10.8 89.3 ± 8.6 <0.001 

 
Table 5: Association between Vitamin B12 deficiency and rehabilitation outcomes  

Variable B12 Deficient (n=38) Normal  

B12 (n=62) 
p- 

value 

Handgrip strength (kg) 19.5 ± 5.6 23.1 ± 6.2 0.004 
MRC score 49.0 ± 5.5 51.7 ± 5.2 0.018 
Barthel Index 79.8 ± 10.9 84.6 ± 10.2 0.031 
Fatigue Severity Scale 5.4 ± 1.3 4.6 ± 1.2 0.002 

 

Table 6: Association between serum albumin and muscle strength 

Variable Albumin  

<3.5 g/dL (n=29) 
Albumin ≥ 

3.5 g/dL (n=71) 
p- 

value 

Handgrip strength (kg) 18.2 ± 4.9 23.4 ± 6.3 <0.001 
MRC score 47.9 ± 5.7 51.7 ± 5.1 0.001 
Barthel Index 76.8 ± 10.6 84.8 ± 10.2 0.001 

 
Table 7: Correlation of nutritional parameters with handgrip strength 

Variable Correlation (r) p-value 

Vitamin D 0.61 <0.001 
Vitamin B12 0.39 <0.001 
Serum Albumin 0.46 <0.001 
Hemoglobin 0.41 <0.001 
CRP -0.42 <0.001 
Ferritin -0.29 0.004 

 
Table 8: Multivariable logistic regression for severe muscle weakness 

Variable Adjusted  
OR 

95% CI p- 
value 

Vitamin D deficiency 3.86 1.68–8.87 0.001 
Hypoalbuminemia 2.94 1.24–6.98 0.014 
Vitamin B12 deficiency 2.18 1.01–4.73 0.046 
Diabetes mellitus 1.86 0.89–3.88 0.102 
ICU admission 2.57 1.16–5.72 0.020 
Age >60 years 1.54 0.71–3.33 0.274 

 
Table 9: Overall prevalence of nutritional abnormalities  

Nutritional abnormality  n (%) 

Vitamin D deficiency 64 (64.0) 
Vitamin B12 deficiency 38 (38.0) 
Hypoalbuminemia 29 (29.0) 
Anemia 42 (42.0) 
Elevated CRP 36 (36.0) 
Elevated Ferritin 33 (33.0) 

 

Discussion: 
The present study evaluated the prevalence of nutritional 
deficiencies and their association with muscle weakness among 
post-COVID rehabilitation patients. Vitamin D deficiency was 
the most common nutritional abnormality, affecting 64% of 
participants, followed by anemia, vitamin B12 deficiency and 
hypoalbuminemia. Patients with vitamin D deficiency 
demonstrated significantly reduced handgrip strength, lower 

Medical Research Council (MRC) muscle strength scores, shorter 
six-minute walk distances and lower Barthel Index scores than 
patients with normal vitamin D levels. Furthermore, serum 
vitamin D, vitamin B12, hemoglobin and albumin showed 
significant positive correlations with muscle strength, whereas 
inflammatory markers demonstrated negative correlations. 
These findings emphasize the importance of comprehensive 
nutritional assessment during post-COVID rehabilitation. Our 
findings are consistent with those reported by Simón-Frapolli et 
al. [11], who investigated vitamin D status and morph functional 

recovery in post-critical COVID-19 survivors. Their prospective 
study showed that vitamin D deficiency was associated with 
prolonged hospitalization; greater systemic inflammation, lower 
skeletal muscle mass, reduced handgrip strength and poorer six-
minute walk performance during rehabilitation. Patients with 
adequate vitamin D levels exhibited significantly greater 
improvements in muscle strength and functional recovery over 
six months. Similarly, the present study observed markedly 
lower handgrip strength and poorer functional outcomes among 
vitamin D-deficient patients, supporting the role of vitamin D in 
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skeletal muscle recovery following COVID-19. The beneficial 
role of nutritional rehabilitation observed in our study is further 
supported by Bradbury et al. (2023) [12], who performed a 
systematic scoping review evaluating nutritional interventions 
in long COVID. The authors concluded that persistent 
inflammation, malnutrition, sarcopenia and micronutrient 
deficiencies are common among patients with prolonged 

COVID-19 symptoms and highlighted nutritional rehabilitation 
as an essential component of multidisciplinary recovery 
programmes. They emphasized that vitamin D; B-complex 
vitamins, adequate protein intake and individualized nutritional 
supplementation may improve muscle recovery and reduce 
fatigue. Likewise, our findings demonstrate that deficiencies of 
vitamin D, vitamin B12 and serum albumin were independently 
associated with poorer muscle strength and rehabilitation 
outcomes.  The improvement in functional performance 
observed among nutritionally adequate patients is also 

consistent with the meta-analysis by Oliveira et al. (2024) [13], 
which evaluated pulmonary rehabilitation programmes for post-
COVID syndrome. Their analysis showed significant 
improvements in six-minute walk distance and fatigue following 
rehabilitation, although improvements in peripheral muscle 
strength varied across studies. The authors suggested that 
persistent nutritional deficits and systemic inflammation may 
partly explain incomplete recovery of muscle strength despite 
rehabilitation. Our study complements these observations by 
demonstrating that nutritional deficiencies, particularly vitamin 
D deficiency and hypoalbuminemia, independently predict 

persistent muscle weakness during rehabilitation, highlighting 
the need to integrate nutritional management with conventional 
rehabilitation programmes. Recent evidence by Saunders et al. 
(2025) [14] further supports our observations. In their scoping 
review of rehabilitation interventions for post-COVID condition, 
the authors reported that multidisciplinary rehabilitation 
strategies incorporating nutritional optimization, physical 
exercise and individualized patient assessment consistently 
improved functional recovery and quality of life. They 
emphasized that nutritional evaluation should be incorporated 

into routine rehabilitation because persistent fatigue, muscle 
weakness and reduced physical performance are frequently 
associated with underlying nutritional compromise. The present 
study similarly demonstrates that patients with nutritional 
deficiencies had significantly lower Barthel Index scores, 
reduced exercise capacity and greater fatigue severity, 
reinforcing the value of integrated rehabilitation approaches.  
Our findings also agree with the observations of Perestiuk et al. 
(2025) [15], who evaluated vitamin D status and long COVID 
manifestations in hospitalized children. Although conducted in a 

pediatric population, their prospective cohort study 
demonstrated that vitamin D deficiency significantly increased 
the risk of developing long COVID symptoms, particularly 
musculoskeletal and neurological manifestations. Children with 
vitamin D deficiency experienced longer hospital stays and were 
more likely to develop persistent fatigue and muscle-related 
symptoms than those with adequate vitamin D concentrations. 
Although our study involved adults undergoing rehabilitation, 

both investigations consistently demonstrate that vitamin D 
deficiency contributes to persistent post-COVID musculoskeletal 
dysfunction and delayed functional recovery [16, 17].  
 
Conclusion: 

Nutritional deficiencies, particularly vitamin D deficiency, 
vitamin B12 deficiency, anemia and hypoalbuminemia, were 
common among post-COVID rehabilitation patients. These 
deficiencies were associated with reduced muscle strength, 
impaired functional capacity and greater fatigue severity. 
Routine nutritional screening and individualized nutritional 
management alongside structured rehabilitation may improve 
functional recovery and long-term outcomes. 
 
Summary of findings: 
Among the 100 post-COVID rehabilitation patients, vitamin D 
deficiency was the most prevalent nutritional abnormality (64%), 
followed by anemia (42%), vitamin B12 deficiency (38%) and 
hypoalbuminemia (29%), elevated CRP (36%) and elevated 
ferritin (33%). Patients with vitamin D deficiency had 
significantly lower handgrip strength, MRC scores, six-minute 
walk distances and Barthel Index scores than those with normal 
vitamin D levels (all p<0.001). Significant positive correlations 

were observed between vitamin D, vitamin B12, serum albumin, 
hemoglobin and muscle strength, whereas inflammatory 
markers showed negative correlations. Multivariable logistic 
regression identified vitamin D deficiency, hypoalbuminemia, 
vitamin B12 deficiency and previous ICU admission as 
independent predictors of severe muscle weakness. 
 
Limitations: 
The present study has several limitations. First, it was conducted 
at a single tertiary care center with a relatively small sample size 
of 100 participants, which may limit the generalizability of the 
findings to broader populations. Second, the cross-sectional 
observational design precluded assessment of causal 
relationships between nutritional deficiencies and muscle 
weakness or evaluation of long-term rehabilitation outcomes. 
Third, pre-COVID nutritional status and muscle strength data 
were unavailable, making it difficult to determine the extent to 
which these abnormalities were attributable to COVID-19. 
Additionally, dietary intake, physical activity, socioeconomic 

status and adherence to nutritional supplementation during 
rehabilitation were not evaluated, although these factors may 
have influenced recovery. Finally, long-term follow-up was not 
performed to assess the sustained impact of nutritional 
interventions on muscle strength and functional improvement. 
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