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ABSTRACT

Background: The frequency of 25-hydroxyvitamin D (vitamin D) deficiency may have increased due to less
sun exposure during the COVID-19 pandemic. On the contrary, considering the data indicating that vitamin
D deficiency increases susceptibility to respiratory tract infections, more people may have chosen to take
vitamin D supplements as a precaution during the pandemic.

Aim of the study: To assess how the pandemic affected vitamin D levels, blood glucose levels, and lipid pro-
files in a Turkish population.

Material and methods: This retrospective single-center study was conducted at a university hospital. Data
about age, gender, comorbidities, vitamin D, blood glucose, and lipid profiles were obtained from the hos-
pital database. The patients were grouped into pre-pandemic (before 10 March 2020) and pandemic periods
(between 10 March 2020 and 10 March 2021) and compared in terms of vitamin D, blood glucose, lipid pro-
file, and other metabolic parameters.

Results: The hospital records of 8,658 patients were examined in this study. Of these, 3,551 (41.0%) were
from the pre-pandemic period, and 5,107 (59.0%) were from the pandemic period. Females accounted for
5,980 (69.1%) of the patients, and the mean age was 44.15+16.72. The mean vitamin D level was signifi-
cantly higher during the pandemic than during the pre-pandemic period (p<0.001; 21.30+11.92 ng/mL vs.
19.89+11.33 ng/mlL, respectively). There were significant differences between the pre-pandemic and pan-
demic periods in blood glucose, low-density lipoprotein (LDL), high-density lipoprotein (HDL), and triglyc-
erides (p<0.05).

Conclusions: This study determined that vitamin D, blood glucose, LDL, and triglyceride levels increased,
while HDL levels decreased, during the COVID-19 pandemic in a Turkish population.
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BACKGROUND tions in cases of vitamin D deficiency [1,2]. Vitamin
D exerts anti-inflammatory and antimicrobial prop-

25-hydroxyvitamin D (vitamin D) plays a piv- erties. A study that previously examined the rela-
otal role in numerous physiological mechanisms tionship between vitamin D levels and coronavirus
that maintain homeostasis in the body. There is an disease 2019 (COVID-19) showed that vitamin D
increased susceptibility to respiratory tract infec- deficiency was more common among patients with
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COVID-19 [3]. Although not all studies of the re-
lationship between vitamin D and COVID-19 are
consistent, it is thought that vitamin D supplemen-
tation can limit the development and severity of
COVID-19. Thus, a tendency for more people to con-
sume vitamin D supplements during the COVID-19
pandemic has been observed. As a result, vitamin D
levels in the population may have increased during
the pandemic period compared to the pre-pandemic
period.

On the other hand, outside activities and there-
fore sun exposure decreased during quarantine,
which was implemented to control the spread of the
virus. This may have resulted in decreased vitamin
D levels. In addition, people may have had problems
accessing vitamin D-rich foods due to disruptions
in many service sectors, high costs, and unemploy-
ment.

Apart from vitamin D, blood glucose regulation
and blood lipid concentrations may have been ad-
versely affected due to reasons such as decreased
daily activity, increased high carbohydrate snack con-
sumption due to stress and boredom, and disrupted
routine hospital visits during the pandemic. One
of the comorbidities seen as a risk factor for severe
COVID-19 is diabetes mellitus (DM). It has been re-
ported that DM causes an increase in mortality relat-
ed to acute respiratory distress syndrome in COVID-
19 patients [4].

Societies may react differently to the restric-
tions and stressors of the pandemic. Therefore,
countries should research the indirect effects of
the pandemic on public health, identify problems
caused by the pandemic, and plan preventive ac-
tions in their societies. In this study, the effects of
the COVID-19 pandemic on vitamin D and other
metabolic parameters were investigated in a Turk-
ish population.

AIM OF THE STUDY

The aim of this study was to evaluate the effect of
the COVID-19 pandemic on vitamin D, blood glucose,
and lipid profiles in a Turkish population.

MATERIAL AND METHODS
Sample

This retrospective, single-center, observational
study investigating differences in vitamin D, lev-
els and metabolic parameters during the COVID-
19 pandemic was performed at Akdeniz University
Hospital. As the study was retrospective, it was not

possible to obtain written informed consent from
the patients.

Patients who presented to the Akdeniz Univer-
sity Medical Faculty Hospital Internal Diseases out-
patient clinic between 10.03.2019 and 10.03.2021
and whose vitamin D levels had been measured were
included in the study. All of the patients were over
18 years old. The exclusion criteria were as follows:
patients with a diabetes diagnosis less than two years
earlier; patients using corticosteroids; patients with
newly diagnosed hypothyroidism/hyperthyroidism;
patients with liver disease or chronic kidney disease;
and patients with granulomatous diseases such as tu-
berculosis and sarcoidosis.

Methods

Data about age, gender, comorbidities, vitamin
D, blood glucose, creatinine, LDL, HDL, triglycer-
ides, thyroid-stimulating hormone (TSH), free thy-
roxine (T4), ferritin, vitamin B12, and hemoglobin
levels were obtained from the hospital database.
We categorized vitamin D levels as deficient at <
20 ng/ml, low at 21-29 ng/ml, adequate at 30-150
ng/ml, and toxic at > 150 ng/ml. The patients were
grouped according to hospital admission dates as
pre-pandemic period (before 10 March 2020) and
pandemic period (between 10 March 2020 and 10
March 2021), and the listed parameters were com-
pared between groups.

Ethics

Ethical approval for the study was obtained
from the Akdeniz University Faculty of Medicine
Clinical Research Ethics Committee (decision no:
KAEK-559-560, dated: 18.08.2021). The study was
conducted according to the principles of the Decla-
ration of Helsinki.

Statistical analysis

Descriptive statistics were presented as num-
bers and percentages for categorical variables and
as mean, standard deviation, and median for con-
tinuous variables. The Kolmogorov-Smirnov test
was used to check whether the data conformed to a
normal distribution. Comparisons between groups
were made using the Mann-Whitney U and chi-
square tests. Spearman’s correlation was used to
evaluate the correlation between variables. The sta-
tistical analysis was conducted using IBM SPSS Sta-
tistics version 23.0 software (IBM Corp., Armonk,
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NY, USA). A p-value <0.05 was considered statisti-
cally significant.

RESULTS
Descriptive data

The hospital records of 8,658 patients were ex-
amined in this study. Of these, 3,551 (41.0%) were
from the pre-pandemic period, and 5,107 (59.0%)
were from the pandemic period. Females accounted
for 5,980 (69.1%) of the patients, and the mean age
was 44.15+16.72 (Table 1). The mean vitamin D level
was 20.72+11.70 ng/mL (Table 2).

Table 2. Metabolic parameters and vitamin D levels of the patients

Table 1. Age and gender of the patients

Groups
Variables All patients Pre-pandem- Pandemic
ic period period

n (%) 8,658 (100%) | 3,551 (41.0%) | 5,107 (59.0%)
Gender n (%*)

Male 2,678 (30.9%) | 1,038 (29.2%) | 1,640 (32.1%)
Female 5,980 (69.1%) | 2,513 (70.8%) | 3,467 (67.9%)
Age (MeansStd) | 44.15+16.72 | 43.76+17.48 | 44.43:16.16

Gender characteristics of the patients are given as number and per-

centage.

Age characteristics are given as mean and standard deviation.

* Column percentage was used.

Groups
All patients
Variables Pre-pandemic period Pandemic period el
Ort+Ss Ort+Ss Ort+Ss
(Ortanca) (Ortanca) (Ortanca)

25-hydroxyvitamin D3 (ng/mL) 20.72+11.70 19.89+11.33 21.30+11.92 <0.001
(n=8,658) (18.49) (17.73) (18.99) :
Creatinine (mg/dL) 0.749+0.241 0.745+0.246 0.752+0.238 0.060
(n=7,569) (0.710) (0.710) (0.710) '
LDL (mg/dL) 122.76+38.01 121.20+38.23 123.68+37.84 0.010
(n=6,045) (120.20) (118.50) (121.10) .
HDL (mg/dL) 50.59+14.24 51.94+14.26 49.67+14.16 <0.001
(n=5,186) (48.50) (50.20) (47.50) :
Triglycerides (mg/dL) 141.65+112.84 130.11+93.28 148.67+£122.72 <0.001
(n=5,927) (115.00) (107.00) (121.00) :
Glucose (mg/dL) 95.53+34.42 91.46+30.42 98.01+36.41 <0.001
(n=7,053) (87.00) (85.00) (89.00) :
Vitamin B12 (pg/mL) 355.44+192.48 349.48+191.64 359.44+192.96 <0.001
(n=7,667) (313.00) (307.00) (317.00) :
Hemoglobin (g/L) 13.31£1.74 13.27+1.72 13.33+1.75 0.058
(n=8,056) (13.30) (13.20) (13.30) ’
Ferritin (ng/mL) 51.46+77.36 52.37+71.20 50.84:81.28 0.001
(n=6,829) (27.50) (29.20) (26.50) :
TSH (ulU/mL) 2.16+6.05 2.05+3.33 2.23+7.28 0.055
(n=7,102) (1.62) 1.57) (1.65) :
T4 (ng/dL) 1.1764+0.2135 1.1718+0.1925 1.1794+0.2260 0.389
(n=6,206) (1.1600) (1.1600) (1.1700) ’
HDL: high density lipoprotein; LDL: low density lipoprotein; TSH: thyroid-stimulating hormone; T4: free thyroxine

The parameters of the patients are given as mean+standard deviation and median.

The results of the Mann-Whitney U test, in which the pre-pandemic period and pandemic period values were compared, are given as p-values. Statisti-

cally significant results are indicated in bold.
Main outcomes
Effect of the pandemic on vitamin D levels

A statistically significant difference was found for
vitamin D levels between the pre-pandemic period and
the pandemic period (p<0.05). Vitamin D deficiency
was more common during the pre-pandemic period,

and the number of patients with adequate vitamin D
levels was higher during the pandemic period com-
pared to the pre-pandemic period (Table 3). There was
a statistically significant difference in vitamin D levels
between the male and female patients (p<0.05). The vi-
tamin D levels of the female patients were lower than
those of the male patients in both the pre-pandemic
and pandemic periods (Table 4). The vitamin D levels
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Table 3. Distribution of patients according to 25-hydroxyvitamin D, levels

Groups
Vitamin D level All patients 1
ttamin D levels n (%*) Pre-pandemic period Pandemic period pvatue
n (%*) n (%*)
Deficient 4,887 (56.4%) 2,126 (59.9%) 2,761 (54.1%)
Inadequate 2,575 (29.7%) 986 (27.8%) 1,589 (31.1%)
<0.001
Adequate 1,194 (13.8%) 439 (12.4%) 755 (14.8%)
Toxic 2 (0.0%) 0(0.0%) 2 (0.0%)

Vitamin D levels are given as numbers and percentages.

The results of the chi-square test, in which the pre-pandemic period and pandemic period values were compared, are given as p-values. Statistically

significant results are indicated in bold.
* Column percentage is used.

Table 4. Distribution of 25-hydroxyvitamin D, levels by gender

25-hydroxyvitamin D3
Period Gender p values
Mean+Std Median

Female (2,513) 19.65+11.83 17.43

Pre-pandemic period <0.001
Male (1,038) 20.49+9.97 18.57
Female (3,467) 20.95+12.40 18.53

Pandemic period <0.001
Male (1,640) 22.04+10.79 20.22
Female (5,980) 20.40+12.18 18.05

Both periods <0.001
Male (2,678) 21.44+10.50 19.60

Vitamin D values according to gender are given as mean+standard deviation and median.
Results of the Mann-Whitney U test, in which the values of females and males were compared, are given as p-values. Statistically significant results

are indicated in bold.

were significantly higher during the pandemic com-
pared to the pre-pandemic period for both genders.

Effect of the pandemic on blood glucose
and lipid profiles

There were statistically significant differences in
the blood glucose levels and lipid profiles between
the pre-pandemic and pandemic periods (p<0.05).
HDL levels were lower, while blood glucose, LDL, and
triglycerides were higher during the pandemic period
compared to the pre-pandemic period (Table 2). There
was a negative correlation between triglycerides and
vitamin D levels, while age, creatinine, HDL, vitamin
B12, hemoglobin, ferritin, and T4 were positively
correlated with vitamin D levels (Table 5).

DISCUSSION

This study demonstrated that the mean vitamin
D level of the patients was higher in the pandemic
period compared to the pre-pandemic period. Vita-
min D toxicosis was more common in the pandemic
period than in the pre-pandemic period, but it was
still quite rare. Only two patients in the pandemic

Table 5. Correlation between 25-hydroxyvitamin D3 and other pa-
rameters

Variables r pr*
Age 0.113 <0.001
Glucose 0.007 0.564
Creatinine 0.142 <0.001
LDL 0.022 0.084
HDL 0.073 <0.001
Triglycerides -0.130 <0.001
Vitamin B12 0.191 <0.001
Hemoglobin 0.073 <0.001
Ferritin 0.096 <0.001
TSH -0.051 <0.001
T4 0.154 <0.001
HDL: high-density lipoprotein; LDL: low-density lipoprotein;
TSH: thyroid-stimulating hormone; T4: free thyroxine

The relationships between the patients’ vitamin D values and the other
parameters are indicated by the correlation coefficient. The results of
the Spearman correlation test, which examined the relationship be-
tween the vitamin D values and the other parameters, are given as p-
values. Statistically significant results are indicated in bold.

period had toxic vitamin D levels, while there was
no vitamin D toxicosis in the pre-pandemic period.
Compared to the pre-pandemic period, there were
fewer patients with vitamin D deficiency and more
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patients with adequate vitamin D levels during the
pandemic period. Female patients had lower vita-
min D levels than male patients for both the pre-
pandemic and pandemic periods. Vitamin B12 lev-
els were higher during the pandemic period than
during the pre-pandemic period. This suggests that
patients may have taken vitamin D and vitamin B12
supplements during the pandemic period to protect
themselves from COVID-19. It was also observed
that the pandemic had a negative impact on fasting
blood glucose levels and lipid profiles. The patients’
fasting blood glucose, LDL, and triglyceride levels
were higher during the pandemic than during the
pre-pandemic period, while HDL levels were lower
during the pandemic period.

Based on the anti-inflammatory and antimicro-
bial properties of vitamin D, it has been suggested
that vitamin D supplementation could protect peo-
ple from developing COVID-19. A study investigating
the relationship between vitamin D levels and COV-
ID-19 infection revealed that vitamin D deficiency is
more common in patients with COVID-19 [3]. It has
also been suggested that there may be a relationship
between vitamin D levels and the severity of COVID-
19 [5]. However, a causal relationship between vita-
min D and COVID-19 has not yet been established.
This is because the low vitamin D levels of patients
who develop COVID-19 may actually be a result of
COVID-19. In a previous study, vitamin D levels were
initially measured in nine healthy volunteers. Then,
a polysaccharide obtained from Escherichia coli was
injected to trigger systemic inflammation; vitamin D
levels and simultaneous interleukin 6, interleukin 8,
and tumor necrosis factor levels were measured af-
ter the injection [6]. It was observed that vitamin D
levels decreased and were inversely correlated with
elevated inflammatory markers during the peak pe-
riod of inflammation. They concluded that systemic
inflammation reduced vitamin D levels. The low vi-
tamin D levels measured during COVID-19 may be
mediated by a similar mechanism.

The low vitamin D levels observed in COVID-19
patients may be cause or effect, but this finding nei-
ther proves nor excludes the possible beneficial ef-
fects of vitamin D supplementation during or before
COVID-19 [7]. Although this issue has not yet been
clarified, it has generally been observed that people
use vitamin D supplements to protect themselves
from COVID-19. However, such widespread and un-
controlled use of a drug can be risky because vitamin
D toxicity has potentially serious consequences [8,9].
Vitamin D is known to increase calcium absorption
from the gastrointestinal tract, and vitamin D in-
toxication causes hypercalcemia and hypercalciuria.
Although its efficacy against COVID-19 has not yet
been proven, intensive use of vitamin D may cause
vitamin D toxicosis, which can result in muscle

weakness, hypertension, neuropsychiatric disorders,
gastrointestinal distress, polyuria, polydipsia, kid-
ney stones, and, in extreme cases, kidney failure. It
should also be kept in mind that the accumulation of
calcium phosphate crystals in tissues can cause car-
diac arrhythmias (low action potential), calcification
of coronary vessels and heart valves, and potentially
even death. This study found that while there was no
vitamin D toxicosis before the pandemic, vitamin D
toxicosis developed in two patients during the pan-
demic period.

Pandemics may cause an increase in the consump-
tion of snacks rich in carbohydrates and a decrease in
daily activity. Together, these can result in blood glu-
cose and lipid dysregulation. However, the reaction
of a population to the pandemic can vary. A study in-
vestigating the effect of lockdowns on patients with
type 1 DM determined that blood glucose parameters
were not significantly affected despite dietary habits
and physical activities being adversely affected [10].
During the pandemic, Spanish patients with type
2 DM increased vegetable consumption and decreased
fast food consumption while under quarantine [11].
There was no significant difference in glucose param-
eters between the pre-pandemic and pandemic pe-
riods [12]. In the present study, mean fasting blood
glucose and glycated hemoglobin (HbA1lc) levels were
higher during the pandemic period compared to the
pre-pandemic period. The effects of the pandemic on
blood glucose may differ depending on whether the
patient has DM or not. Furthermore, reactions to
the pandemic may differ according to the capability
of the population to manage stressors. Since patients
with DM are aware they have the disease, they can
act more carefully. However, patients who are prone
to DM may lose control of their blood glucose regula-
tion during the pandemic.

Inactivity and a high-calorie diet due to stress
may have resulted in negatively affected blood lipids
during the pandemic period [13]. LDL and triglyc-
eride levels were higher, and HDL levels were lower,
during the pandemic compared to the pre-pandemic
period.

The findings from this study suggest that the bur-
den of pandemics goes beyond the known direct harm
and that attention should be paid to their harmful
indirect long-term effects on cardiometabolic health.
Given the current COVID-19 pandemic, these find-
ings may inform public health prevention strategies
to reduce the impact of future cardiometabolic dis-
eases [14].

Limitations

This study has numerous limitations. The pa-
tients who were examined from the pre-pandemic
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period may not be the same as those examined
during the pandemic. The patients who were con-
sidered controls during the pandemic period may
have had some health problems. Therefore, there
may be differences between the patients in the pre-
pandemic period and the pandemic period. Addi-
tionally, this study did not assess the factors that
may affect a patient’s glycemic parameters, such as
lifestyle changes during quarantine, adherence to
diet, stressors, and access to medications. This in-
formation could help us interpret the results with
greater certainty.
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