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Abstract

The present study examined the relationship between polymerase chain reaction

(PCR) test positivity and clinical outcomes of vitamin D levels measured within the 6

months before the PCR test in coronavirus disease 2019 (COVID‐19)‐positive
patients. In this retrospective cohort study, COVID‐19 (227) and non‐COVID‐19
patients (260) were divided into four groups according to their vitamin D levels:

Group I (0–10 ng/ml), Group II (10–20 ng/ml), Group III (20–30 ng/ml), and Group IV

(vitamin D > 30 ng/ml). Laboratory test results and the radiological findings were

evaluated. In addition, for comparative purposes, medical records of 1200 patients

who had a hospital visit in the November 1, 2019–November 1, 2020 period for

complaints due to reasons not related to COVID‐19 were investigated for the

availability of vitamin D measurements. This search yielded 260 patients with tested

vitamin D levels. Vitamin D levels were below 30 ng/ml in 94.27% of 227

COVID‐19‐positive patients (average age, 46.32 ± 1.24 years [range, 20–80 years]

and 56.54% women) while 93.07% of 260 non‐COVID‐19 patients (average age,

44.63 ± 1.30 years [range, 18–75 years] and 59.50% women) had vitamin D levels

below 30 ng/ml. Nevertheless, very severe vitamin D deficiency (<10 ng/ml) was

considerably more common in COVID‐19 patients (44%) (average age, 44.15 ± 1.89

years [range, 23–80 years] and 57.57% women) than in non‐COVID‐19 ones (31%)

(average age, 46.50 ± 2.21 years [range, 20–75 years] and 62.5% women). Among

COVID‐19‐positive patients, the group with vitamin D levels of >30 ng/ml had

significantly lower D‐dimer and C‐reactive protein (CRP) levels, number levels,

number of affected lung segments and shorter hospital stays. No difference was

found among the groups in terms of age and gender distribution. Elevated vitamin

D levels could decrease COVID‐19 PCR positivity, D‐dime and CRP levels and the

number of affected lung segments in COVID‐19‐positive patients, thereby short-

ening the duration of hospital stays and alleviating the intensity of COVID‐19.
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1 | INTRODUCTION

The novel coronavirus (COVID‐19) has infected millions of people,

and World Health Organization (WHO) has declared COVID‐19 as a

pandemic in March 2020.1 COVID‐19 is an RNA virus, which affects

multiple organs including lung, liver, kidney, brain, and heart in hu-

mans, and has resulted in the death of about 1.8 million people

worldwide (WHO COVID‐19 Dashboard). The etiology of COVID‐19
has not yet been fully elucidated. The main cause of death in

COVID‐19 patients is inflammation, especially in the lung which

leads to acute respiratory distress syndrome (ARDS).1

No specific treatment is available for fatal and fast‐spreading
COVID‐19 infection. Antimalarial (chloroquine and hydroxy-

chloroquine), antiviral drugs (remdesivir), and dexamethasone (cor-

ticosteroid) are being used clinically for the treatment of COVID‐19
patients.2 Considering the fact that an adequate immune response is

crucial for overcoming this viral infection, it is important to identify

the existing and known substances that strengthen immune system

activity.

Vitamin D, a steroid and versatile hormone, plays crucial roles in

phosphorus–calcium metabolism and in the immune system of both

humans and animals.3 Numerous studies have revealed a wide range

of pharmacological and physiological functions of vitamin D. It has

anti‐inflammatory, antioxidant, and antiviral effects. Besides this, it

has crucial regulatory roles in the adaptive and innate immune sys-

tems.4 It was shown that vitamin D deficiency is quite common

among COVID‐19 patients.5 A recent clinical study showed that

COVID‐19 patients supplemented with vitamin D had less severe

symptoms of the disease.6

In the present study, we aimed to identify possible associations

of vitamin D levels with laboratory test parameters, radiological

findings, length of hospital stays, and the average age of the patients

infected with COVID‐19.

2 | MATERIALS AND METHODS

2.1 | Setting

This retrospective cohort study was conducted in the town of Tokat

(39° 52' °N latitude), middle black sea region of Turkey. The average

temperature in this town is 12.8°C. The study was first approved by

the Turkish Ministry of Health (on May 5, 2020). Then, ethics com-

mittee approval was granted from Tokat Gaziosmanpasa University,

Faculty of Medicine, Ethics of Human Diseases (approval no:

20‐KAEK‐158). The research was conducted in accordance with the

principles of the Declaration of Helsinki.

2.2 | Study sample and data collection

The study sample was selected retrospectively among 2600 patients

over 18 years of age with COVID‐19 positivity based on real‐time

reverse transcriptase‐polymerase chain reaction (RT‐PCR) assay

performed in Tokat State Hospital on March 30, 2020–November 1,

2020 period. The patients whose vitamin D levels were measured

within the 6‐month period before their COVID‐19 test were iden-

tified and 227 such patients were found. COVID‐19‐positive patients

whose vitamin D levels were not measured within the 6‐month be-

fore the PCR test were excluded. Data of the participants regarding

daily medical knowledge, laboratory and radiological results were

retrieved from the electronic medical records. The studied para-

meters were the laboratory tests and radiological findings at the first

arrival of COVID‐19 patients to the hospital along with their age

(over 18 years old), genders, and hospital stay.

The study covered patients who had PCR positivity for

COVID‐19 in the March 30–November 1, 2020 period and whose

vitamin D levels were measured in the 6 months before the PCR

test. However, to make comparisons, non‐COVID‐19 patients

whose vitamin D levels were measured in the November 1,

2019–November 1, 2020 period in Tokat State Hospital were

screened retrospectively using the hospital automation system

and included in the study. Age (over the 18‐year old), gender, and
vitamin D levels of the patients were recorded. When more than

one vitamin D measurement was available, only the first one was

used.7,8 The patients were divided into four groups based on their

vitamin D levels:

Group I: patients with vitamin D levels less than 10 ng/ml.

Group II: patients with vitamin D levels between 10 and

20 ng/ml.

Group III: patients with vitamin D levels between 20 and

30 ng/ml.

Group IV: patients with a vitamin D level higher than 30 ng/ml.

2.3 | Collection of samples

For detection of the epidemic virus "SARS‐CoV‐2 (2019‐nCoV)"
causing coronavirus disease 2019 (COVID‐19), a Bio‐Speedy® Kit

(Bioeksen) was used. The kit was applied to nucleic acid isolates from

nasopharyngeal and oropharyngeal swab samples. Rapid diagnosis

with the kit was achieved via one‐step reverse‐transcription (RT) and

real‐time PCR (qPCR) (RT‐qPCR) targeting SARS‐CoV‐2 (2019‐
nCoV)‐specific RdRp (RNA‐dependent RNA polymerase) gene

fragment.

2.4 | Radiological features

Computed tomography (CT) scans were performed using a 16‐slice
CT scanner (Toshiba) for all participants who were admitted to the

hospital. One or more ground‐glass opacities, consolidation, and re-

ticular pattern were accepted as the diagnostic criteria of typical CT

manifestations of COVID‐19. CT Scans were performed just after

admission to the hospital. An expert specialist evaluated all CT

images.
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2.5 | Statistical analyses

All statistical analyses were performed using SPSS software (version

15). The data were presented as mean ± SEM. Moreover, the number

(n) and percentages (%) of the patients were calculated for study

groups established for vitamin D level. Normality of distributions in

the groups was determined. When a normal distribution was in-

volved, ANOVA and subsequent LSD testing were performed to

compare group means. When the distribution was not normal,

Kruskal‐Wallis variance analysis test and Mann‐Whitney U test were

used. The gender distribution among the groups were compared

using the χ2‐test with continuity correction.

3 | RESULTS

3.1 | Vitamin D parameters

A total of 2600 patients whose RT‐PCR tests for COVID‐19 were

positive were screened, and medical records of these patients were

examined to identify those who had their vitamin D levels tested

anytime within the 6‐month period before the COVID‐19 test. It was

revealed that 227 patients matched these criteria. Of them, 99 pa-

tients (43.61%) (average age, 44.15 ± 1.89 years [range, 23–80 years]

and 57.57% women) had vitamin D levels below 10 ng/ml (mean,

6.31 ± 0.21), while 73 patients (32.15%) (average age, 45.74 ± 2.02

years [range, 21–77 years] and 53.42% women) had vitamin D levels

between 10 and 20 ng/ml (mean, 14.63 ± 0.29), 42 patients (18.50%)

(average age, 48.10 ± 2.28 years [range, 20–75 years] and 59.52%

women) between 20 and 30 ng/ml (mean, 24.16 ± 0.49) and 13 pa-

tients (5.72%) (average age, 40.67 ± 5.45 years [range, 25–80 years]

and 61.53% women) between 30 and 40 ng/ml (mean, 38.05 ± 1.53).

Thus, vitamin D levels were below 30 ng/ml in 94.27% (average age,

46.32 ± 1.24 years [range, 20–80 years] and 56.54% women) of the

COVID‐19‐positive patients (Figure 1, Table 1).

For comparison purposes, 1200 patients who applied to Tokat

State Hospital for reasons other than COVID‐19 in November 1,

2019–November 1, 2020 period were screened for the availability of

their vitamin D measurements, and 260 such patients were identified.

Eighty of them (30.76%) (average age, 46.50 ± 2.21 years [range,

20–75 years] and 62.5% women) had vitamin D levels below 10 ng/ml

(mean, 6.52 ± 0.19) while 96 patients (36.92%) (average age,

42.19 ± 1.75 years [range, 18–75 years] and 65.62% women) had vi-

tamin D between 10 and 20 ng/ml (mean, 13.51 ± 0.40), 66 patients

(25.38%) (average age, 44.36 ± 3.02 years [range, 22–73 years] and

46.96% women) between 20 and 30 ng/ml (mean, 22.72 ± 0.58) and

18 patients (6.92%) (average age, 43.75 ± 4.91 years [range, 26–77

years] and 61.11% women) between 30 and 40 ng/ml (mean,

37.49 ± 1.20). Thus, the vitamin D level was below 30 ng/ml in 93.07%

(average age, 44.63 ± 1.30 age [range, 18–75 years] and 59.50%

women) of non‐COVID‐19 patients (Figure 1, Table 2).

3.2 | Laboratory parameters

The laboratory tests examined included hemograms, biochemical,

and inflammatory markers, which were assayed when patients first

arrived at the hospital (Table 1). The D‐dimer (ng/ml) level of Group

IV COVID‐19‐positive patients (vitamin D level: >30 ng/ml) was

significantly different from Group I (vitamin D level of <10 ng/ml)

(p < .001), from Group II (vitamin D level: 10–20 ng/ml) (p < .001) and

from Group III (vitamin D level: 20–30 ng/ml) (p < .001). The

C‐reactive protein (CRP) level of Group IV was significantly lower

than that of Group I (p < .001), Group II (p < .001) and Group III

(p < .001) (Figure 2, Table 1). There were no significant differences

among the four groups for WBC, HGB, PLT, MPV, fasting glucose,

urea, creatinine, ALT, AST, K, Na and Ca levels, and neutrophil and

lymphocyte counts. Duration of hospital stay was significantly

shorter in Group IV (vitamin D level: >30 ng/ml) compared to Group I

(vitamin D level: 10–20 ng/ml) (p < .001), Group II (vitamin D level:

F IGURE 1 A, Vitamin D levels of
coronavirus positive patients. B, Non‐COVID‐
19 patients who applied to hospital for other
reasons
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TABLE 1 Laboratory parameters and radiological examination results of COVID‐19‐positive patients with different vitamin D levels

Group I Group II Group III Group IV The reference

(n = 99) (n = 73) (n = 42) (n = 13) range

Mean vitamin D concentration

(ng/ml)

6.31 ± 0.21 14.63 ± 0.29 24.16 ± 0.49 38.05 ± 1.53 30–60 (ng/ml)

WBC (109/L) 5.84 ± 0.21 6.19 ± 0.18 6.51 ± 0.25 5.69 ± 0.33 4–10 (109/L)

HGB (g/dl) 12.83 ± 0.18 12.91 ± 0.20 13.34 ± 0.30 12.40 ± 0.36 11.0–15.0 (g/dl)

PLT (109/L) 219.9 ± 10.08 221.7 ± 7.60 232 ± 9.57 223.8 ± 6.68 150–400 (109/L)

MPV (fl) 9.88 ± 0.11 10.10 ± 0.13 10.09 ± 0.06 9.89 ± 0.23 6.5–12 (fl)

Fasting glucose (mg/dl) 126.3 ± 6.76 120.4 ± 3.69 114.2 ± 5.14 108.4 ± 3.53 74–106 (mg/dl)

Urea (mg/dl) 27.50 ± 1.11 30.30 ± 1.95 32.08 ± 1.64 26.21 ± 1.31 17–43 (mg/dl)

Creatinine (mg/dl) 0.72 ± 0.05 0.73 ± 0.08 0.76 ± 0.07 0.74 ± 0.01 0.51–0.95 (mg/dl)

ALT (U/L) 21.86 ± 1.14 23.67 ± 1.62 21.76 ± 0.92 19.02 ± 1.18 0–50 (U/L)

AST (U/L) 26.36 ± 0.94 27.83 ± 1.33 23.09 ± 1.65 23.20 ± 1.71 0–50 (U/L)

K (mmol/L) 4.23 ± 0.03 4.17 ± 0.05 4.31 ± 0.08 4.33 ± 0.12 3.5–5.1 (mmol/L)

Na (mmol/L) 139.9 ± 0.93 138.4 ± 0.54 138.7 ± 0.63 139.8 ± 0.90 135–145 (mmol/L)

Ca (mmol/L) 9.19 ± 0.17 9.52 ± 0.08 9.28 ± 0.08 9.13 ± 0.12 8.8–10.6 (mg/dl)

Lymphocyte (k/µl) 1.72 ± 0.07 1.68 ± 0.10 1.89 ± 0.11 2.02 ± 0.19 0.8–4.0 (k/µl)

Neutrophil (k/µl) 3.94 ± 0.17 4.39 ± 0.16 4.53 ± 0.31 4.19 ± 0.45 2–7 (k/µl)

D‐dimer (ng/ml) 0.459 ± 0.033 0.522 ± 0.038 0.367 ± 0.043 0.067 ± 0.001***,•••,⊗⊗⊗ 0.1–0.5 (ng/ml)

CRP (mg/L) 22.49 ± 2.88 20.14 ± 4.55 10.99 ± 4.10 0.39 ± 0.16***,•••,⊗⊗⊗ 0–8 (mg/L)

Affected number of lung segments

in CT

2.33 ± 0.20 2.18 ± 0.27 2.02 ± 0.25 0.25 ± 0.13***,••, ⊗⊗⊗ Affected number of lung

segments

Hospitalization time for COVID‐19
patients

3.88 ± 0.28 4.15 ± 0.53 3.26 ± 0.61 0.50 ± 0.19***, ••,⊗ Days

Age (years) 44.15 ± 1.89 45.74 ± 2.02 48.10 ± 2.28 40.67 ± 5.45 Mean age of patients

(years)

Gender (female/male) 57/42 39/34 25/17 8/5

••p < .01.
•••p < .001 for the comparison of Group II and Group IV.
⊗p < .05.
⊗⊗⊗p < .001 for the comparison of Group III and Group IV.

***p < .001 for the comparison of Group I and Group IV.

TABLE 2 Age and gender
distributions of non‐COVID‐19 patients

<10 ng/ml 10–20 ng/ml 20–30 ng/ml >30 ng/ml

(n = 80) (n = 96) (n = 66) (n = 18)

Mean vitamin D

concentration (ng/ml)

6.52 ± 0.19 13.51 ± 0.40 22.72 ± 0.58 37.49 ± 1.20

Age (years) 46.50 ± 2.21 42.19 ± 1.75 44.36 ± 3.02 43.75 ± 4.91

Gender (female/male) 50/30 63/33 31/35 11/7
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10–20 ng/ml) (p < .01) and Group III (vitamin D level: 20–30 ng/ml)

(p < .05) (Table 1).

3.3 | Radiological parameters

The mean number of affected lung segments were 2.33 ± 0.20 in

Group I, 2.18 ± 0.27 in Group II, 2.02 ± 0.25 in Group III, and

0.25 ± 0.13 in Group IV. The number of affected lung segments was

lowest in Group IV (>30 ng) compared to Group I (p < .001), Group II

(p < .01), and Group III (p < .001). Thus, vitamin D levels of >30 ng/ml

reduced the number of affected lung segments, consolidation, and

reticular pattern in patients diagnosed with COVID‐19 (Figures 3

and 4) (Table 1).

4 | DISCUSSION

The present retrospective study examined the associations of vita-

min D levels measured within 6 months before the COVID‐19 test

with the incidence of COVID‐19 positivity, CT findings, and labora-

tory parameters. It was revealed that as the vitamin D levels rose: (1)

the patients’ risk of getting COVID‐19 infection decreased; (2) the

number of lung segments with common ground‐glass appearance

decreased; (3) the level of D‐dimer and CRP decreased considerably;

in fact, the CRP level was within the normal range in Group IV, which

had a mean vitamin D level of 38; and (4) duration of the hospital

stay of COVID‐19 patients decreased.

Studies performed in different countries showed significant as-

sociations between the average vitamin D levels and the number of

COVID‐19 cases and especially with the mortality rate caused by this

infection.9 Vitamin D supplementation could reduce the incidence,

severity, and risk of death from COVID‐19.10 A Swiss retrospective

study with 107 patients showed significantly lower vitamin D levels

in COVID‐19‐positive patients based on PCR assay.11 Another study

found that 67.2% of the PCR‐positive COVID‐19 patients had vita-

min D levels of less than 30 ng/ml.12 It is a well‐known fact that

vitamin D levels have a tendency to be lower in high‐latitudes. The
COVID‐19 incidence rates and COVID‐19‐related mortality rates

were reported to be relatively low in countries south of latitude

35 °N.13 Turkey is situated between latitudes 36 and 42 °N, and

vitamin D deficiency is common across Turkey. The European Cal-

cified Tissue Society Working Group and Chinese Clinical Guideline

has defined vitamin D deficiency as a serum 25(OH) D level of less

than 30 nmol/L.14 In a cohort study with 489 patients whose vitamin

D levels were measured within a year before COVID‐19 testing,

F IGURE 2 A, D‐dimer (ng/ml) and (B) C‐reactive protein (CRP) (mg/L) levels of coronavirus‐positive patients. As vitamin D levels increased,
the level of D‐dimer and CRP decreased. ***p < .001 for the comparison of Group I and Group IV; •••p < .01 for the comparison of Group II and
Group IV and ⊗⊗⊗p < .001 for the comparison of Group III and Group IV

F IGURE 3 A, Number of lung segments in chest computed tomography (CT) and (B) duration of hospital stay in coronavirus positive
patients. ***p < .001 for the comparison of Group I and Group IV; ••p < .05 for the comparison of Group II with Group IV; and ⊗p < .05 and

⊗⊗⊗p < .001 for the comparison of Group III and Group IV
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the relative risk of testing positive for COVID‐19 was 1.77 times

greater in patients who were vitamin D deficient compared to the

patients with sufficient vitamin D levels.15 In the present study,

94.27% of patients with COVID‐19 positivity and 93.07% of non‐
COVID‐19 patients had vitamin D levels below 30 ng/ml. Besides

this, a considerably higher incidence of severe vitamin D deficiency

(<10 ng/ml) was observed in COVID‐19‐positive patients (44%) than

in non‐COVID‐19 patients (31%). A Turkish study reported similar

severe vitamin D deficiencies (32.20%) among 35,667 individuals.16

Thus, it could be stated that severe vitamin D deficiency was about

30% higher among COVID‐19‐positive patients compared to the

general population. In other words, COVID‐19 positivity was higher

among individuals with severe vitamin D deficiency. In addition, as

the vitamin D levels rose, incidence of COVID‐19 positivity de-

creased. These findings clearly showed a strong association between

vitamin D deficiency and incidence of COVID‐19 PCR positivity and

were consistent with other research investigating the relationships

between vitamin D deficiency and COVID‐19 infections.

D‐dimer forms as a result of production and lysis of cross‐linked
fibrin, and is used as an indicator of coagulation and fibrinolysis.17

Virus infections usually involve an aggressive pro‐inflammatory re-

sponse and impaired control of anti‐inflammatory response.18 This

could lead to dysfunction of endothelial cells, resulting in excessive

thrombin formation.19 Pulmonary thrombin could even be re-

sponsible for oxygen desaturation and acute respiratory distress

commonly observed in COVID‐19 patients.20‐22 Elevated D‐dimer

levels were reported to represent a hypercoagulable state in

COVID‐19 patients.23 In the present study, the group with a vitamin

D level of >30mg/ml, D‐dimer level was significantly lower than

those of other groups. Thus, vitamin D could reduce the risk of

common intravascular coagulopathy, thereby improving oxygenation

and alleviating the severity of COVID‐19.

CRP is an acute‐phase plasma protein synthesized in response to

pro‐inflammatory cytokines, especially tumor necrosis factor (TNF),

interleukin (IL‐1β), and IL‐6.24 Therefore, CRP is an indication of

cytokine storm and inflammation. The cytokine storm could result in

pneumonia and ARDS, and may contribute to the rapid multiple or-

gan damage.25 It was shown that many COVID‐19‐positive patients

had very high CRP levels.26‐28 Higher CRP levels associated with

vitamin D deficiency were mentioned to be linked with increased

risks of severe COVID‐19.26,27 COVID‐19‐positive patients with

serum vitamin D levels < 30 ng/ml were shown to have very high

levels of CRP.12 These findings were in line with those reported in

the literature. It was also observed in the present study that COVID‐
19‐positive patients with serum vitamin D levels of >30 ng/ml had

very low CRP levels. Vitamin D deficiency leads to the generation of

pro‐inflammatory cytokines such as TNF‐α, IL‐1β, and IL‐6, which

may result in elevated CRP levels and induce inflammation.26,27,29

Vitamin D could lower the level of inflammation marker CRP and

prevent inflammation from progressing to pneumonia and

ARDS.25 This finding showed that vitamin D could reduce CRP

and exert anti‐inflammatory effects. Thus, adequate vitamin D levels

can prevent cytokine storms in COVID‐19 patients and reduce the

severity of the disease.

Ground‐glass opacity is the most common CT feature of patients

with COVID‐19 viral pneumonia.30 It becomes apparent in patients a

few days after the onset of the disease. CT images in the present

study were obtained at the first arrival of the patients to the hospital.

In the group with vitamin D level of >30 ng/ml, there were fewer lung

segments with ground‐glass opacity appearance than in groups with

vitamin D levels of <30 ng/ml.

Areas of ground‐glass opacity on CT scans show pathological

diffuse alveolar damage.31 Pulmonary edema is the most common

cause of diffuse ground‐glass opacity.32 Upon COVID‐19 infection,

F IGURE 4 Chest computed tomography
(CT) images of COVID‐19 pneumonia in
(A) Group I, (B) Group II, (C) Group III, and
(D) Group IV
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the virus attempts to enter cells through binding to ACE2 receptors,

thereby preventing ACE2 receptors to perform their physiological

functions. Hence, ACE2 may be downregulated by COVID‐19 in-

fection, and Ang II accumulation could reach toxic levels, which in

turn lead to pulmonary edema through elevated pulmonary vascular

permeability.25,33,34 Furthermore, elevated Ang II levels result in

oxidative stress, which eventually progresses to inflammation and

fibrosis.35 Salehi et al.36 reported that ground‐glass opacity was

observed in 88.0% of COVID‐19 patients. As the virus first prevents

ACE2 from functioning through binding to it, 88.0% of patients with

COVID‐19 have ground‐glass opacity in the lungs. Thus, it appears

that increasing the ACE2 level is very important for reducing the

ground‐glass opacity and alleviating the COVID‐19 severity.25

In an experimental study, Xu et al.37 showed that vitamin D

supplementation provides protective effects on acute lung injury

through increasing ACE2 expression and decreasing renin, ACE and

Ang II levels. Another study reported that 1.25‐dihydroxy vitamin D3

(calcitriol) may elevate the ACE2 expression by ACE2/Ang(1–7)/

MasR pathway.38 Vitamin D may reduce ground‐glass opacity on CT

scan and prevent the formation of pulmonary edema by upregulating

the ACE2 level in the lungs

5 | CONCLUSION

In the present single‐centered retrospective cohort study, vitamin

D deficiency was found to be associated with a higher COVID‐19
risk. The COVID‐19‐positive individuals with sufficient vitamin

D levels had significantly lower blood levels of D‐dimer, in-

flammatory marker CRP, reduced frequencies of ground‐glass
opacity appearance in chest CT scans and shorter hospital stays.

The findings of the study indicated the need for randomized stu-

dies to determine whether the vitamin D level could affect

COVID‐19 risk.

6 | LIMITATIONS

The present study had some limitations. Vitamin D deficiency could

be due to various chronic conditions or behavioral factors, which

themselves might be associated with a higher COVID‐19 risk. In

addition, the study covered a limited amount of data in the electronic

database of Tokat State Hospital only.
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