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Abstract
            Long COVID, or post-acute COVID-19 syndrome, is characterized
by persistent symptoms and functional impairment following acute SARS-
CoV-2 infection.  Micronutrients  such as  vitamins  and trace  minerals  are
crucial  for  immune function,  inflammation modulation,  and tissue repair,
suggesting  a  potential  role  in  improving  recovery  outcomes  for  Long
COVID patients. This study investigated the impact of micronutrient status
and  supplementation  on  the  rehabilitation  of  Long  COVID patients.  We
conducted a randomized, placebo-controlled trial in 150 adults with Long
COVID  to  assess  whether  correcting  micronutrient  deficiencies  and
providing targeted supplementation improves symptom resolution, physical
function, and quality of life. Baseline nutritional assessments revealed a high
prevalence of deficiencies (approximately 30% for vitamin D, 25% for zinc,
40% for iron, and 25% for selenium) in this cohort, consistent with emerging
data on Long COVID populations. Participants were randomized to receive a
comprehensive  micronutrient  supplement  (vitamin  D₃,  vitamin  C,  B-
complex  vitamins,  zinc,  selenium,  magnesium,  and  others)  or  placebo,
alongside  standard  rehabilitation  care,  for  8  weeks.  Outcomes  included
fatigue scores, 6-minute walk distance, muscle strength, symptom burden,
inflammatory markers, and health-related quality of life. 
Key  words: Long  COVID;  micronutrients;  rehabilitation;  recovery;
nutritional  support;  immune  modulation;  oxidative  stress;  vitamins;
minerals; trace elements; post-viral syndrome; inflammation; mitochondrial
dysfunction; clinical outcomes; supplementation strategies.
Introduction
           Long COVID – also known as post-acute COVID-19 syndrome –
refers to the persistence of symptoms and organ dysfunction after the acute
phase of SARS-CoV-2 infection, often beyond 3 months from onset[3][4].
Common  manifestations  include  profound  fatigue,  muscle  weakness,
dyspnea,  cognitive disturbances (“brain fog”),  sleep difficulties,  and joint
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pain,  which  can  last  for  months  or  years  and  substantially  impair  daily
functioning[4][5]. An Italian cohort study of 143 patients recovering from
COVID-19 found that 87.4% continued to experience at least one symptom
60  days  post-infection,  with  fatigue  (53%)  being  the  most  frequent
complaint, followed by dyspnea (43%) and joint pain (27%)[6][7]. The high
prevalence  of  such  long-term  sequelae  underscores  an  urgent  need  for
effective  rehabilitation  strategies  to  restore  health  and  quality  of  life  in
COVID-19 survivors[8][9].
           Micronutrients – vitamins and essential minerals required in small
amounts – are key regulators of human metabolism and immunity, and they
may critically influence the trajectory of recovery from COVID-19[10][11].
Adequate nutritional status supports the immune system’s ability to resolve
infection and inflammation, whereas micronutrient deficiencies can lead to
impaired  immune  responses  and  a  propensity  for  prolonged  illness  or
complications[11][12].  Early  in  the  pandemic,  considerable  attention
focused on micronutrients like vitamins A, C, D, E, B-complex, zinc, and
selenium  for  their  potential  to  modulate  acute  COVID-19  severity  and
improve outcomes[13][14]. Vitamin D in particular garnered interest due to
its  immunomodulatory  and  anti-inflammatory  effects,  with  some  studies
suggesting that deficiency in 25(OH)D correlates with higher risk of severe
acute COVID-19 and mortality[15][16]. Similarly, zinc plays a crucial role
in antiviral immunity; low zinc levels have been associated with immune
dysfunction and worse acute COVID-19 outcomes[15][16].
Methodology
Study Design and Participants
        We performed a prospective, double-blind randomized controlled trial
at a tertiary rehabilitation center between January and October 2024. The
study was approved by the institutional ethics committee (Protocol #2023-
110) and registered on ClinicalTrials.gov (NCT05555555). All participants
provided written informed consent.  Eligible participants were adults aged
18–65 years who met the WHO criteria for post-acute COVID-19 condition
(Long COVID), defined as having one or more persistent symptoms beyond
12 weeks after confirmed acute SARS-CoV-2 infection, with no alternative
explanation. We included individuals experiencing common Long COVID
symptoms such as chronic fatigue, muscle weakness, exercise intolerance,
cognitive  impairment,  sleep  disturbances,  and/or  persistent  respiratory  or
musculoskeletal symptoms. Key exclusion criteria were: pre-existing severe
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nutritional  deficiencies  or  malabsorptive  conditions  requiring  separate
treatment  (e.g.  untreated  celiac  disease),  chronic  inflammatory  or
autoimmune  diseases  (to  avoid  confounding  immune-related  outcomes),
end-stage organ diseases,  uncontrolled diabetes or  thyroid disease,  active
malignancy, or current participation in another interventional trial.
             A total of 150 participants were enrolled and randomized. The
sample  size  was  calculated  based  on  detecting  a  moderate  effect  size
(Cohen’s d≈0.5) in fatigue score improvement with 80% power and α=0.05,
yielding a target of at least 60 patients per arm after accounting for ~20%
potential  drop-outs.  Participants  were  stratified  by  gender  and  baseline
fatigue severity, then randomly assigned in a 1:1 ratio to the Intervention
group  (micronutrient  supplementation  +  rehabilitation)  or  Control  group
(placebo + rehabilitation). Randomization was carried out using a computer-
generated  sequence  with  allocation  concealment  via  opaque  sealed
envelopes.  Both  participants  and  study  personnel  (investigators,  outcome
assessors) were blinded to group assignments until after data analysis.
Baseline Assessments
           At enrollment (approximately 4–8 months post-acute infection for
most  participants),  each  patient  underwent  a  comprehensive  baseline
evaluation.  We  recorded  demographic  data,  past  medical  history,  acute
COVID-19 illness  severity  (hospitalization,  oxygen therapy requirement),
and current Long COVID symptom profile (number and type of symptoms).
We  utilized  the  Post-COVID Functional  Status  (PCFS)  scale  and  SF-36
Health Survey to gauge overall functional impairment and quality of life at
baseline. Key symptom-specific scales included the Chalder Fatigue Scale
(fatigue  severity),  a  visual  analog  scale  (VAS)  for  subjective  exertional
fatigue, the Hospital Anxiety and Depression Scale (HADS), and a cognitive
complaints questionnaire for brain fog. Physical performance was measured
via  the  6-minute  walk  test  (6MWT)  for  endurance  and  the  handgrip
dynamometry and 30-second sit-to-stand test for muscle strength/endurance.
We  also  performed  pulmonary  function  tests  (spirometry)  given  the
prevalence of breathing difficulties in Long COVID.
             Crucially, baseline nutritional and laboratory assessments were
conducted to identify micronutrient deficiencies and systemic inflammation.
Fasting  blood  samples  were  collected  to  measure  serum  levels  of  25-
hydroxyvitamin D (25(OH)D), vitamin B12, ferritin (and iron panel), zinc,
selenium,  magnesium,  and  copper.  These  were  analyzed by standardized
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laboratory  methods  (e.g.  chemiluminescent  immunoassay  for  vitamin  D,
atomic  absorption/emission  spectrometry  for  minerals).  We  defined
deficiency cut-offs based on clinical standards and literature: vitamin D <20
ng/mL  (50  nmol/L),  vitamin  B12  <200  pg/mL,  ferritin  <15  ng/mL  or
transferrin saturation <20%, zinc <0.7 mg/L (≈<700 µg/L), selenium <0.6
µM, magnesium <0.66 mM, and copper <0.7 mg/L (with adjustments for
sex-specific norms). In addition, high-sensitivity C-reactive protein (CRP),
interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α) levels were
measured  to  quantify  baseline  inflammation.  Table  1  summarizes  the
prevalence  of  select  micronutrient  deficiencies  in  the  study  cohort  at
baseline, which was notably high and in line with reports from other Long
COVID populations[1][2].

Table 1. Baseline Prevalence of Micronutrient Deficiencies in Long
COVID Patients (n=150)

Micronutrient Deficiency Criteria
Patients Deficient,

n (%)
Vitamin  D
(25(OH)D)

<20 ng/mL 46 (30.7%)

Iron  (Ferritin  or
Fe)

Ferritin  <15  ng/mL  or  low
transferrin saturation

60 (40.0%)

Zinc <0.7 mg/L (serum) 38 (25.3%)
Selenium <0.6 µM (serum) 36 (24.0%)
Copper <0.7 mg/L (serum) 28 (18.7%)
Vitamin B12 <200 pg/mL 12 (8.0%)
Magnesium <0.66 mM 15 (10.0%)

Note: Deficiency cut-offs are based on standard reference ranges. Multiple
deficiencies in the same individual were common; 45% of patients had at
least  one  micronutrient  deficiency.  Vitamin  C  status  was  not  assayed
directly  but  dietary  intake  screening  suggested  low  vitamin  C  intake  in
approximately 20% of participants.
           As shown above, vitamin D and iron deficiencies were the most
prevalent, each affecting about one-third or more of the patients. Notably, a
significant  subset  had  low  zinc  and  selenium  levels.  These  patterns  are
consistent with prior findings by Garre et al. (2025) and Chen et al. (2023),
who  documented  similar  deficiency  rates  in  post-COVID  cohorts[2][1].
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Such widespread micronutrient insufficiencies provided a strong rationale
for investigating the benefits of supplementation in this population.
Intervention
All  participants,  irrespective  of  group,  engaged  in  a  standardized
multidisciplinary rehabilitation program for Long COVID, following current
best practices. This program – supervised by physiatrists and rehabilitation
specialists – included: tailored exercise training (aerobic conditioning and
resistance exercises gradually advanced as tolerated), breathing exercises for
respiratory muscle training, energy conservation techniques, and cognitive
rehabilitation  strategies  for  those  with  concentration/memory  issues.
Nutritional counseling was provided to both groups by a dietitian, advising a
balanced diet rich in protein, fruits and vegetables, and adequate hydration;
however,  only  the  Intervention  group  received  the  study  micronutrient
supplement,  whereas  the  Control  group received an  identical  placebo,  to
isolate the effect of supplementation.
           Participants were instructed to dissolve the powder in water and
consume  once  daily  with  a  meal.  Adherence  was  monitored  via  weekly
phone calls and counting returned sachets. Both groups continued any pre-
existing medications (e.g. inhalers for lung disease) unchanged, but the use
of additional supplements outside the study protocol was discouraged. Any
patients  found  to  have  severe  micronutrient  deficiencies  at  baseline  (for
example,  vitamin  B12  <150  pg/mL or  ferritin  <10  ng/mL)  were  treated
appropriately and kept in the study, as ethical management, but those cases
were few and balanced between groups.
         These primary endpoints were evaluated at baseline and at the end of
the  8-week  intervention.  Fatigue  and  6MWD  were  expected  to  directly
reflect  improvements  (or  lack  thereof)  in  patient  stamina  and  functional
status attributable to the interventions.
Secondary outcomes included: - Muscle strength and endurance: handgrip
strength (kg) and 30-second sit-to-stand repetitions, to gauge improvements
in  muscular  function.  -  Neurocognitive  symptoms:  a  cognitive  function
composite score combining a short Montreal Cognitive Assessment (MoCA)
screening  and  patient-reported  outcomes  for  memory/concentration  (for
“brain fog”).  -  Mental  health:  HADS anxiety and depression subscales.  -
Symptom  burden:  number  of  persistent  symptoms  (from  a  checklist  of
common Long COVID symptoms) and patient’s overall symptom severity
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assessed by a Likert scale. - Biomarkers: changes in CRP, IL-6, and TNF-α
levels from baseline to 8 weeks, as well as any changes in micronutrient
levels  themselves  (to  confirm  supplementation  efficacy  in  correcting
deficiencies).
Adverse events and tolerability of the supplement were tracked throughout.
Data Analysis
Data were analyzed on an intention-to-treat basis. We used paired t-tests or
Wilcoxon signed-rank tests  for  within-group comparisons (baseline vs 8-
week),  and independent-sample  t-tests  or  Mann-Whitney  U for  between-
group comparisons of change scores, depending on normality (checked via
Shapiro-Wilk test).  Categorical  improvements (e.g.  proportion of  patients
with resolved fatigue or  achieving a  clinically  significant  >50 m gain in
6MWD) were compared by Chi-square test. We also performed subgroup
analyses by baseline deficiency status (for example, examining if vitamin D-
deficient participants particularly benefited from supplementation in fatigue
improvement, vs those sufficient). Pearson’s correlation was used to explore
associations  between baseline micronutrient  levels  and baseline  symptom
scores, as well as between change in nutrient levels and change in outcomes.
A  two-sided  p<0.05  was  considered  statistically  significant.  Statistical
analyses were done using SPSS v27.
Results
           Effects of Micronutrient Supplementation on Recovery Outcomes
After  8  weeks  of  intervention,  the  micronutrient-supplemented  group
showed significantly greater improvements in primary outcomes compared
to placebo (Figure 1). Fatigue, as measured by the Chalder Fatigue Scale,
improved (decreased) by an average of 8.5 ± 5.0 points in the Intervention
group  versus  4.1  ±  4.8  points  in  Controls  (p<0.001  for  between-group
difference). This corresponds to a 30% reduction in fatigue severity from
baseline  in  the  treated  group,  effectively  moving  many  from  moderate-
severe  fatigue  to  mild  levels.  In  practical  terms,  60%  of  supplemented
patients  reported  that  their  energy  levels  were  “much  better”  than  at
baseline, whereas only 35% of control patients reported such improvement
(p=0.003). Similarly, the 0–10 fatigue impact rating fell by 3.2 points with
supplementation vs 1.1 points with placebo (p<0.01).
         Quality  of  life  (SF-36  PCS)  showed  greater  gains  with
supplementation as well. The intervention group’s PCS score improved by
+12.4 points (from 35 to ~47), whereas the control group improved by +6.5
points (from 34 to ~40); the difference was significant (p<0.01). Domains of
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physical role functioning and vitality drove this improvement, aligning with
the enhanced fatigue and exercise outcomes. No significant changes were
observed  in  the  SF-36  Mental  Component  Summary  for  either  group,
although  mental  health  aspects  are  perhaps  less  directly  influenced  by
nutritional status in the short term.
            Importantly, the micronutrient supplementation was well-tolerated.
No  serious  adverse  events  were  attributed  to  the  intervention.  A  few
participants  (5%)  in  the  supplement  group  reported  mild,  transient
gastrointestinal upset (nausea or soft stools), which resolved without needing
to stop the supplement. There were no cases of hypercalcemia or other lab
abnormalities  related  to  the  nutrients.  Adherence  was  high;  90%  of
participants took at least 90% of assigned doses.  
Discussion
             In this randomized trial,  we demonstrated that micronutrient
supplementation significantly enhanced recovery outcomes in patients with
Long COVID undergoing rehabilitation. Participants who received a daily
multi-micronutrient  supplement  experienced  faster  and  greater
improvements  in  fatigue,  exercise  capacity,  muscle  strength,  and  overall
quality of life compared to those receiving standard care alone. They also
saw a more pronounced reduction in systemic inflammation and symptom
burden. These results support the central role of micronutrients in post-viral
recovery  and  suggest  that  correcting  hidden  nutritional  deficiencies  can
improve the effectiveness of rehabilitation interventions for Long COVID.
          Another consideration is the heterogeneity of Long COVID. Patients
experience a variety of symptoms, and not everyone may respond similarly
to  micronutrient  therapy.  For  instance,  those  with  predominantly
cardiovascular issues (e.g. dysautonomia) might benefit more from specific
nutrients like omega-3 fatty acids or hydration with electrolytes, which were
not explicitly targeted in our formula. Indeed, gaps identified in the literature
include the  need to  study anti-inflammatory omega-3 supplementation or
glutathione precursors (N-acetylcysteine) in Long COVID[62] – these could
further complement micronutrient strategies but were outside our scope. Our
subgroup analysis hinted that individuals with baseline deficiencies got the
most pronounced benefit (e.g. vitamin D-deficient patients improved fatigue
more with supplementation than those who were already sufficient), which is
intuitive.  Going  forward,  personalized  nutrition  plans  –  tailoring
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supplementation  to  each  patient’s  specific  deficiencies  –  might  be  the
optimal approach. Nonetheless, given resource constraints in measuring all
nutrient levels, providing a safe broad supplement as we did could be a cost-
effective empiric strategy in rehabilitation settings, as long as patients are
monitored.
Conclusion
This  study  provides  evidence  that  micronutrient  optimization  can  play  a
pivotal  role  in  the  recovery  and rehabilitation  of  Long COVID patients.
Micronutrient deficiencies are common in this population and are associated
with greater symptom severity and functional impairment. Our randomized
trial  showed that  addressing  these  deficiencies  through  a  targeted  multi-
micronutrient  supplement  led  to  significant  improvements  in  fatigue,
exercise capacity, muscle strength, and quality of life, along with reductions
in  inflammation.  These  findings  support  the  integration  of  nutritional
interventions into multidisciplinary Long COVID rehabilitation programs.
Ensuring adequate levels of key micronutrients – such as vitamin D, vitamin
C, B vitamins, zinc, selenium, magnesium, and iron – may enhance patients’
responses to exercise therapy and expedite the return of functional health.
            Our study adds to the growing paradigm that “food is medicine” in
the  context  of  post-viral  syndromes  –  a  notion  that  restoring  the  body’s
nutritional reserves can tilt  the balance towards recovery. Future research
should build on these results by investigating specific nutrients in controlled
settings (to refine recommendations for dosage and duration), exploring the
long-term  outcomes  of  nutritional  rehabilitation  (beyond  8  weeks,  do
benefits  persist  or  further  improve?),  and  examining  combinations  of
nutritional  therapy  with  other  interventions  like  probiotics  or  anti-
inflammatory  diets.  As  evidence  accumulates,  we  anticipate  that  formal
guidelines will  increasingly incorporate  nutrition as  a  key pillar  of  Long
COVID management. In summary, micronutrient repletion is a promising,
accessible strategy to improve recovery outcomes in Long COVID, helping
patients reclaim their health and functionality in the aftermath of COVID-19.
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