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Correlation between Serum Vitamin D3 Levels and Severity
of COVID-19, Experience from a COVID-19-Dedicated Tertiary
Care Hospital from Western India
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Context: It is postulated that 25(OH)D deficiency is associated with a worse prognosis of COVID-19. Aims: We aimed to find out whether baseline
serum 25-hydroxy vitamin D levels were correlated with COVID-19 disease severity or not in Indian population. Settings and Design: It is
a prospective observational study. Methods and Material: We prospectively recruited 200 COVID-19-positive adult patients and measured
their baseline vitamin D levels on admission and prospectively followed their clinical course for their outcome and correlated the association.
Statistical Analysis Used: The continuous data were represented as mean (£SD) or median (IQR), while the categorical data were represented
as proportions. Parametric data were analysed using unpaired 7-test and ANOVA for two and more than two groups, and for categorical,
nonparametric data, Chi-square test were applied. A two-sided P value of <0.05 was considered as statistically significant with 95% confidence
interval. Results: Eighty-six per cent (172/200) of patients had hypovitaminosis D (<30 ng/mL). The prevalence of 25(OH) severe deficiency,
deficiency and vitamin D insufficiency was 23%, 41% and 22%, respectively. Clinical severity was graded as asymptomatic (11%), mild (14%),
moderate (14.5%), severe (37.5%) and critical (22%). Sixty per cent of patients had clinically severe or critical disease requiring oxygen
support with eleven per cent (n = 22) mortality overall. Age (P: 0.001), HTN (P: 0.049) and DM (P: 0.018) were negatively associated with
clinical severity. No linear association was found between vitamin D levels and clinical severity. Low vitamin D levels had a significant
inverse association with inflammatory markers like neutrophil-lymphocyte ratio (NLR, P: 0.012) and IL-6 (P: 0.002). Conclusions: Vitamin
D deficiency was not associated with worse outcomes of COVID-19 infection in Indian population.
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INTRODUCTION D deficiency is one of India’s most underdiagnosed and
undertreated nutritional deficiencies.’ Many studies have
found that lacking vitamin D or vitamin D receptors causes
altered innate and adaptive immune functions.U’® Vitamin
D supplementation is a potentially exciting treatment for
COVID-19 infection but scientifically, with a low level
of evidence until now.”) Some studies have confirmed the

The COVID-19 pandemic caused by a novel coronavirus
(SARS-CoV-2) is characterized by significant morbidity
and mortality with no current specific treatment. Preclinical
research suggests that the SARS-CoV-2 virus enters cells via
the angiotensin-converting enzyme 2 (ACE2).[

Coronavirus replication downregulates ACE2, causing the
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and heart failure.l?! Research shows that vitamin D plays a
role in balancing RAS, in reducing lung damage through
the anti-inflammatory effect which is seen with higher
vitamin D levels ranging from 20 to 60 ng/mL.5-! Vitamin
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increased risk of COVID-19 infection in vitamin D—deficient
patients.['®!'] Nevertheless, there is insufficient evidence
of the association between 25(OH) vitamin D (25(OH) D)
levels and COVID-19 severity or outcomes. Therefore, the
present study aimed to investigate the association between
25(0OH) vitamin D levels and the severity or outcomes of
COVID-19 disease.

MATERIAL AND METHODS

The study was conducted after Institutional Ethical
Committee approval (ECARP/2020/74). After written
informed consent, we prospectively recruited 200
COVID-19-positive adult patients from the wards and ICUs
of the COVID-19-dedicated tertiary care centre from August
2020 to March 2021.

Sample selection

Each ward was visited by the primary investigator (PI) to
screen for eligible patients. For logistical and safety reasons,
only one building with a maximum number of COVID-19
wards, including a high-dependency unit and intensive
care units, was selected. The PI visited 3—4 wards daily
(one floor per day) to assess eligibility and enrol patients.
The PI returned to the wards every 7 days to look for more
suitable patients and to follow up on already recruited
patients. The parent internal medicine units used the standard
hospital treatment regimen to treat hospitalized patients.
Vitamin D levels were checked on the first or second day
of admission. All the patients were followed up till their
outcomes. Disease severity was categorized based on their
maximum clinical severity during hospital stay according
to NIH COVID-19 severity.l'?! All the routine blood
investigations and inflammatory markers (IL-6, Ferritin, ESR,
CRP etc.) were recorded during the hospital stay. Radiology
findings (CT lung involvement) were also recorded whenever
available [Figure 1].

Vitamin D assessment

Vitamin D was assessed by chemiluminescent immunoassay
method on access immunoassay system (Beckman Coulter) in
the endocrinology lab with an interassay and intraassay CV of
5.9-7.2% and 1.5-2.2%, respectively. Serum 25(OH) D levels
were stratified into four categories: <10 ng/mL, 10-20 ng/mL,
20-30 ng/mL and >30 ng/ml. Vitamin D deficiency was defined
as serum 25(OH) D levels <20 ng/mL (50 nmol/L) following
endocrine society guidelines.!®!

HRCT lung

CT scan was done on Philips Brilliance 64 slice machine per
hospital protocol and radiologists reported it. Each of the
five lobes of both lungs was looked at for the presence of
inflammatory abnormalities, including ground-glass opacities,
mixed ground-glass opacities, or consolidation. Each lobe
was awarded 0—4 points, depending on the percentage of the
involved lobe: 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%),
or 4 (76-100%) and total involvement of the lung parenchyma

Assessed for eligibility from adult wards and ICU’S

(n=394)
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-~ Meeting Exclusion criteria
-CXD
Enrollment -ap
-Pregnancy

- other causes of pneumonia
- Recent h/o intake of Vitamin D

| Serum Vitamin D levels assessed on Day 1 or Day 2 of admission

Stratified into 4 groups based on their Serum vitamin D levels

1. Sufficient (n=28)

2. Insufficient (n=44)

3. Moderately Deficient (n=83)
4. Severely Deficient (n=45)

|l | Vitamind
levels
informed to
patient and
l concerned
treating
physician for
treatment

Followed up till their outcome (death or discharge)

1. Discharged n=178 (89%)
2. Dead n=22 (11%)

1. Medical records noted
2. Assigned clinical severity according to most severe
clinical status during their hospital stays

A 4

Analysis

Figure 1: Methodology

was graded as grade 1 having <25%, grade 2 having 26-50%,
grade 3 having 51-75%, or grade 4 having 76—100% lung
parenchymal involvement.

Sample size

There were no data on the prevalence of vitamin D deficiency
in COVID-19 patients from India and worldwide at the time
of study planning (August 2020) to calculate a statistically
powerful sample size. Hence, we started it as a pilot project
with a sample size of 100 patients. During the sample collection
of our study, two studies were published in September and
October 2020, one from China with a sample size of 62 and
another from Iran with a sample size of 235.01%!51 Hence, to
increase the power of our study, we increased our sample size
to 200 to get a meaningful data.

Statistical analysis

The continuous data were represented as mean (£SD) or
median (IQR), while the categorical data were represented as
proportions. Parametric data were analysed using unpaired
T-test and ANOVA for two or more groups, and for categorical,
nonparametric data, Chi-square test was applied. The Fisher
exact test or y? test and the Kruskal-Wallis test were employed
to determine the statistical significance of differences in
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proportions and medians, respectively. Pearson  correlation was
used to measure the degree of the relationship between linearly
related variables. A two-sided P value of <0.05 was considered
statistically significant with a 95% confidence interval.

ResuLts

Baseline characteristics

Two hundred patients were enrolled, including 139 males and
61 females. One hundred and seventy-eight patients (89%)
were discharged and 22 (11%) expired during the hospital
stay. Eighty-six per cent of patients had hypovitaminosis
D (<30 ng/mL). The prevalence of 25(OH)D insufficiency,
deficiency and severe deficiency was 22%, 41% and 23%,
respectively. The proportion of clinically asymptomatic,
mild, moderate, severe and critical patients was 11.5%,
13%, 12%, 42%, and 22.5%, respectively [Figure 2]. Young
adults (<40 years of age) in our cohort had slightly low mean
vitamin D levels (16.5 vs. 19.2 ng/mL) compared to older
adults (>40 years of age). No difference in mean vitamin
D levels was seen between males and females (18.79 vs.
18.47 ng/mL). The vitamin D deficient group had a high
NLR, IL-6 and CK-MB, explaining the high percentage of
mechanical ventilation and death.

Vitamin D and clinical severity [Tables 1 and 2]
Oxygen-requiring patients had a significantly high proportion
of HTN (43.4% vs. 21.1%) and DM (41.08% vs. 23.9%). They
also had a slightly more proportion of severely vitamin D
deficient population (24.03% vs. 19.71%); however, that was
not statistically significant (P: 0.484).

Vitamin D and lung involvement [Table 2]

One hundred and twelve patients underwent HRCT chest
during their hospital stay. Vitamin D deficiency patients had
more proportion of patients with severe lung involvement

involving >50% lung parenchyma (43.7% vs. 38.2%).
Mean vitamin D levels in patients with severe lung
involvement (>50%) were also low when compared to patients
with mild—-moderate lung involvement (0—50%) (20.21 vs.
16.06 ng/mL).

Vitamin D and mortality

Low 25(OH) vitamin D levels were not associated with
severity or mortality. On subgroup analysis of patients
with 25(OH) D levels > and <20 ng/mL, those with higher
levels had a slightly better outcome in terms of decreased
mechanical ventilation (18% vs. 21%) and death (9.7%
vs. 11.7%); however, these results were not statistically
significant [Table 3].

Mortality in our cohort was significantly associated with
advancing age (mean 65.9 vs. 53 years, P: 0.001). Even though
there were a high proportion of severely vitamin D-deficient
patients in the deceased cohort (27.2% vs. 21.9%), it was not
statistically significant.

A multinominal logistic regression model was used to
determine the independent association of age, vitamin D
deficiency, HTN, DM and IHD with clinical severity and

i [i |l 1
<10ng/m 10-20ng/mi

20-30ng/m! >30ng/m

Percentage of patients

m Asymptomatc  m Mild Moderate mSevere mCriica

Figure 2: Frequency of various clinical severity according to vitamin D
levels

Table 1: Comparison of comorbidities and vitamin D levels among various clinical severity groups and outcomes

Severity P Mortality P
Asymptomatic Mild Moderate Severe Critical Discharged Deceased

Total 20 26 25 84 45 178 22
Mean age (SD) 46.2 (13.6) 42,6 (16.4) 52.5(15.6) 56.9(13.1) 60.7(13.2) 0.001* 52.8 (15) 65.9 (10.1)  0.001*
Female:Male 6:14 6:20 10:15 25:59 14:31
Hypertension 3 4 8 36 20 0.049%* 61 10 0.344
Type 2 DM 6 5 6 39 14 0.018* 64 6 0.485
IHD 2 2 0 5 3 0.675 10 6 0.518
Smoking 6 3 2 11 3 0.111 23 2 0.608
Alcohol 4 3 3 7 51 0.681 21 1 0.305
Mean vitamin D 22.8 (10.9) 17 (10.6) 16.9 (8.8) 19.8 (13) 16.6 (10.8)  0.207 16.8 (12.5) 18.9 (11.5)  0.445
in ng/mL (SD)
Vitamin D levels

<10 ng/mL 1 8 5 19 12 0.795 39 6 0.936

10-20 ng/mL 9 9 13 32 20 74 9

20-30 ng/mL 6 6 4 20 8 40 4

>30 ng/mL 4 3 3 13 5 25 3

*P<0.05 is significant. IHD=Ischemic heart disease, T2DM=type 2 diabetes mellitus
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Table 2: Comparison of comorbidities, lung involvement, and laboratory parameters between COVID-19 groups based on

vitamin D levels

Vitamin D levels (ng/mL) P
<10 (n=45) 10.1-20 (1=83) 20.1-30 (1=44) 30.1-60 (n=28)
Comorbidities
Hypertension 17 (37.7%) 30 (36.1%) 14 (31.8%) 10 (12%) 0.945*
Type 2 diabetes 18 (40%) 28 (33.7%) 13 (29.5%) 11 (39.2%) 0.716"
THD 6 (13.3%) 0 2 (4.5%) 4 (14.2%) 0.001*
Lung involvement on
HRCT chest
(n=32) (n=39) (n=25) (n=16)
<25% 15 (46.8%) 14 (35.8%) 8 (32%) 8 (50%) 0.179*
25-50% 4 (12.5%) 7 (17.9%) 9 (36%) 4 (25%)
50-75% 8 (25%) 11 (28.2%) 6 (24%) 1 (6.25%)
>75% 5(15.6%) 7 (17.9%) 2 (8%) 3 (18.75%)
Inflammatory markers
Median NLR* (IQR) 7.8 (3-15.1) 5.6 (2.9-11) 2.9 (2-9.9) 3.8 (2-6.1) 0.012*
ESR 69.55+30.95 (n=19) 56+25.9 (n=39) 66.25+37.6 (n=16) 64+32.23 (n=14) 0.330*
CRP 35.23+43.04 (n=17) 116.714£330 (n=24) 85.9+118 (n=16) 70.9+£52.8 (n=12) 0.107*
Ferritin 643+838 (n=22) 741£762.1 (n=32) 693.7+523 (n=24) 928+491 (n=6) 0.320*
LDH 744+415.6 8114+438.8 923+356 749+190 0.237*
Median IL-6 (IQR) 3455.4+4004.05 (n=24) 2672+3707 (n=28) 550£1387 (n=20) 1111£2179 (n=11) 0.002*
d-Dimer 10.3+20.81 (n=24) 3.38+5.05 (n=43) 6.73£8.44 (n=23) 2.63+2.39 (n=7) 0.430%*

Mean and SD values were mentioned for all except for NLR and IL-6. *P-values were calculated by the Kruskal-Wallis test. “P-values were calculated
by the Chi-square test. NLR=Neutrophil-lymphocyte ratio, ESR=erythrocyte sedimentation rate, IL=interleukin-6, CRP=C-reactive protein, LDH=lactate

dehydrogenase

mortality. Only age was found to be significantly associated
with both clinical severity and mortality [Table 4].

Discussion

This was one of the few prospective studies done in India,
assessing the prevalence of 25(OH)D deficiency among
hospitalized COVID-19 patients and its association with
various clinical severity groups. Because there were few
publications at the time of the study that linked vitamin D
insufficiency to COVID-19 severity, we systemically planned
our methodology such that the PI prospectively screened
394 patients from COVID-19 wards and enrolled eligible
200 COVID-19 patients.

A recent meta-analysis showed that the prevalence of
vitamin D deficiency in India was approximately 56-90%,
significantly higher in hospitalized patients.[ This prevalence
was similar to what we found in our population cohort
suggesting that vitamin D deficiency is still an under-corrected
problem in our country. Like our study, most of the studies
published till now have also found a higher proportion of
hypovitaminosis D (<30 ng/mL) (86%) among hospitalized
COVID-19 patients.[1:15-18]

Our study did not find any correlation between baseline
vitamin D levels and O, requirements, CT lung involvement,
invasive mechanical ventilation and mortality [Table 2].
Few other prospective studies also showed similar
findings.['122 However, some of the epidemiological

and prospective studies showed a significant association
between vitamin D deficiency with higher O, requirements,
invasive mechanical ventilation and/or mortality.l'>'® To
date, two major meta-analyses found a higher odd ratio of
developing the disease, severity and death.?>?* However,
both these meta-analyses mentioned the following biases,
that is, the timing of vitamin D testing in relation to the
illness, criteria in diagnosing vitamin D deficiency, the
severity of illness, and methodological heterogeneity.
Comparatively, we used standard definitions to classify
vitamin D deficiency and clinical severity of illness and
collected vitamin D samples during early admission thereby
avoiding heterogeneity.

Most studies that have found a significantly negative
association with COVID-19 outcomes used vitamin D cut-off
of less than 12 ng/mL. We found an increased proportion of
O, support (68.8% vs. 63.2%) and mortality (27% vs. 21.9%) in
severely vitamin-deficient groups (<10 ng/mL vs.>10 ng/mL);
however, they were not statistically significant.

Two Indian studies looked at the relationship between vitamin
D and COVID-19 severity.['*2] One study ascertained a link
between vitamin D insufficiency (20 ng/mL) and invasive
mechanical ventilation and death, whereas the other did not.
The distinction between asymptomatic and severely ill, on the
other hand, appeared less validated in the first study. The other
study’s methodology and results were comparable to ours, but
they also examined the effect of vitamin D supplementation,
which revealed no further improvement in outcomes. These
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Table 3: Clinical, biochemical parameters and disease outcomes in patients with vitamin D deficiency compared to
patients without vitamin D deficiency

Vitamin D <20 ng/mL (n=128) Vitamin D =20 ng/mL (n=72) P

Male:Female 92:36 47:25
Mean age in years (SD) 52.8 (15.5) 57.2 (14.1) 0.169
Hypertension 47 (36.7%) 24 (33.3%) 0.639
DM 46 (35.9%) 24 (33.3%) 0.711
IHD 6 (4.6%) 6 (8.3%) 0.297
COAD 7 (5.4%) 3 (4.1%) 1
Median NLR (IQR) 6.19 (2.9-12.8) 3.19 (2-7) 0.001
ESR 60.1 (28.6) 65.1 (34.6) 0.484
Median CRP (IQR) 20.1 (11.7-46) 64.3 (24.8-100) 0.014
Ferritin 702.2 (802.8) 740.7 (517.9) 0.233
LDH 777 (431.7) 854.6 (309.8) 0.093
Median IL-6 (IQR) 1218.5 (54.1-5500) 22.7 (13.5-324) 0.001
Median d-dimer (IQR) 1.3 (0.5-5.3) 2.6 (0.7-6.3) 0.260
Clinical severity

Asymptomatic 10 10 0.440

Mild 17

Moderate 18 7

Severe 51 33

Critical 32 13
HRCT chest

<25% 29 (39.7%) 16 (41%) 0.228

25-50% 12 (16.4%) 12 (30.7%)

50-75% 20 (27.3%) 6 (15.4%)

>75% 12 (16.4%) 5(12.8%)
Oxygen support 83 (64.8%) 46 (63.9%) 1
Mechanical ventilation (ICU) 27 (21.1%) 13 (18%) 0.713
Death 15 (11.7%) 7 (9.7%) 0.815

NLR=Neutrophil-lymphocyte ratio, ESR=erythrocyte sedimentation rate, IL=interleukin-6, CRP=C-reactive protein, LDH=lactate dehydrogenase.
IHD=ischemic heart disease, T2DM=type 2 diabetes mellitus, COAD=chronic obstructive airway disease

Table 4: Multinomial logistic regression

Clinical severity Outcome
Severe Critical Mechanical ventilation Death
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
Age 1.05 (1.01-1.1) 0.01 1.08 (1.03-1.13)  0.001*  0.96(0.94-0.99)  0.015* 0.9 (0.89-0.96) 0.001*
Gender (female) 0.60 (0.18-2.03) 0.10 0.64 (0.17-2.3) 0.028 0.88 (0.41-1.9) 0.76 2.7 (0.8-8.9) 0.101
HTN 0.37 (0.79-1.7) 0212 0.29 (0.05-1.8) 0.141 1.20 (0.52-2.7) 0.665 0.960 (0.32-2.8) 0.942
DM 1.03 (0.28-3.7) 0.965 2.5 (0.6-10.5) 0.203 0.68 (0.3-1.8) 0.37 0.56 (0.18-1.7) 0.31
IHD 2.5(0.297-21.1) 0.393 1.8 (0.17-20) 0.60 0.60 (0.11-3.04) 0.53 1.32 (0.23-7.4) 0.74
Vitamin D <30 ng/mL  0.975 (0.23-4.1) 0.973 0.937 (0.17-5) 0.940  0.648 (0.179-2.3) 0.7 0.833 (0.172-4.03)  0.821
Vitamin D <20 ng/mL 0.937 (0.29-3) 0914  0.600(0.16-2.2)  0.448  0.866 (0.35-2.11) 0.75 1.216 (0.35-4.18) 0.75
Vitamin D <10 ng/mL  0.187 (0.02-1.58)  0.125 0.185(0.02-1.6)  0.130 1.18 (0.48-2.89) 0.5 1.265 (0.42-3.8) 0.67

*P<0.05 is significant. Multinomial logistic regression was used to calculate OR, CI and P. OR=0dds ratio, CI=confidence interval

in diabetic mice.”?”? Our cohort showed a significant
negative correlation between vitamin D levels and IL-6 (P:
0.002). This suggests that vitamin D plays a role in
modulating the production of interleukins, and vitamin D
deficiency may exaggerate inflammatory response by IL-6
production. However, the therapeutic efficacy of vitamin
D in suppressing IL-6 in humans needs to be studied by
randomized control trials.

disparities point to a flaw in the intrinsic relationship between
vitamin D level and COVID-19 severity.

It is now established that the outcome of COVID-19
infection largely depends on the host’s immune response.
Previous studies showed an association between vitamin
D deficiency and increased levels of IL-6 in patients with
HIV infections.?! There is also evidence indicating that
vitamin D supplementation can reduce excess IL-6 levels
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Several studies found a relationship between vitamin D deficiency
and high neutrophil-lymphocyte ratio in type 2 diabetes patients
and other chronic illnesses.”®?* Recently NLR is found to be
an early-stage predictive factor for developing critical illness
in COVID-19-infected patients.? Our study reciprocated
these findings and found high-baseline NLR association with
developing severe inflammation and oxygen requirement at
presentation or during their hospital stay. We also found inverse
association between baseline NLR and vitamin D levels same
as Mardani et al'® Additionally, it has been shown that NLR
levels decrease after taking high doses of vitamin D supplements;
however, similar therapeutic response in COVID patients is yet
to be studied.t*”

25(0OH)D and CRP have an antagonistic relationship, according
to previous research.P!Y This effect is more pronounced in
patients with inflammatory diseases than in non-inflammatory
diseases. Studies done on COVID patients showed contrasting
evidence with no strong association for this correlation till now.
Our cohort did not find any significant correlation between CRP
and vitamin D levels; however, we had values for 69 patients
in our study. Similarly, we did not find any correlation between
25(OH)D and ferritin, LDH and d-dimer levels.

Our understanding is that vitamin D deficiency, by exaggerating
the immune response, appears to be an accessory aggravating
factor for COVID-19 outcomes in the high-risk cohort while
providing no evidence that it is the primary cause in the
low-risk population (i.e. young population with less than two
comorbidities). Whether 25(OH)D adequacy may prevent
COVID-19-related morbidity and mortality needs to be
assessed by adequately sized and designed population-based
studies, which is essential in the current scenario.

The prospective nature of our study from the western (unstudied)
Indian population with an adequate sample size is one of its
strengths. However, because our institution was a dedicated
COVID-19 tertiary hospital, the study was monocentric,
observational and had a selection bias of including more
severe/critical cases.

ConcLusion

Hypovitaminosis D was prevalent among our hospitalized
COVID-19 patients, but low 25(OH) vitamin D levels were not
associated with severity or mortality. Vitamin D is negatively
associated with inflammatory markers like NLR and IL-6, thus
ascertaining its immunomodulatory actions.
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