International Journal of General Medicine Dove

ORIGINAL RESEARCH

High Prevalence and Risk Factors Associated with
Vitamin D Deficiency Among Chinese Hospital
Staff: A Cross-Sectional Study

Fang Gao'*, Xialin Zhang®*, Xiaolan Wang?, Junyan Zhang(?®, Fang Wang', Yan Zhou*, Jing Wang',
Xuewen Li(°, Ruijuan Zhang?

'Department of Prevention Care in Healthcare, Shanxi Bethune Hospital, Shanxi Academy of Medical Sciences, Tongji Shanxi Hospital, Third Hospital
of Shanxi Medical University, Taiyuan, People’s Republic of China; 2Department of Hematology, Shanxi Bethune Hospital, Shanxi Academy of Medical
Sciences, Tongji Shanxi Hospital, Third Hospital of Shanxi Medical University, Taiyuan, People’s Republic of China; *Department of Clinical
Epidemiology and Evidence-Based Medicine, Shanxi Bethune Hospital, Shanxi Academy of Medical Sciences, Tongji Shanxi Hospital, Third Hospital of
Shanxi Medical University, Taiyuan, People’s Republic of China; “Department of Laboratory, Shanxi Bethune Hospital, Shanxi Academy of Medical
Sciences, Tongji Shanxi Hospital, Third Hospital of Shanxi Medical University, Taiyuan, People’s Republic of China; *Department of Cardiology, Shanxi
Bethune Hospital, Shanxi Academy of Medical Sciences, Tongji Shanxi Hospital, Third Hospital of Shanxi Medical University, Taiyuan, People’s Republic
of China

*These authors contributed equally to this work

Correspondence: Ruijuan Zhang; Xuewen Li, Email 13593169668@ | 63.com; xuewenlil010@ 126.com

Purpose: To determine the current status of vitamin D status and the associated factors for its deficiency among Chinese hospital
staff.

Methods: The physical examination data of 2509 hospital staff members was analyzed alongside that of 1507 patients who visited the
hospital during the corresponding period of the examination. Serum concentration of 25-hydroxyvitamin D (25(OH)D) were measured
in the participants. The hospital staff also completed surveys about general information, laboratory examination, and occupational
characteristics.

Results: The median vitamin D status (serum 25(OH)D concentration) of the participants was 9.0 ng/mL, ranging from 6.5 to 44.7 ng/
mL, and the prevalence of deficiency (<12.3 ng/mL) was 81.47% (2044/2509). The multivariable logistic regression revealed that
nurses (OR = 1.54, 95% CI 1.09-2.19, p = 0.015), BMI below 18 (OR = 2.39, 95% CI 1.02-5.58, p = 0.045) associated with higher
prevalence of vitamin D deficiency. In the contrast, age above 30 (OR = 0.69, 95% CI 0.53-0.91, p = 0.009) and a high level of uric
acid (OR = 0.56, 95% CI 0.41-0.78, p = 0.001) associated with lower prevalence of vitamin D deficiency. The prevalence of vitamin
D deficiency was higher among the hospital staff (81.47%) compared to the patients who visited the hospital during the same time
period (65.69%). A substantial disparity was observed in the propensity score matching dataset (69.14% vs 79.94%, p < 0.001).
Conclusion: Hospital staff are a high-risk group for vitamin D deficiency. Paying attention to vitamin D status and supplementation
of this vitamin are pertinent aspects of hospital staff health care. Outdoor activities, vitamin D supplementation, and foods rich in
vitamin D should be advocated.
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Introduction

Vitamin D deficiency is prevalent worldwide in the 21st century and has been recognized as a global health problem.' In
recent years, vitamin D has been better understood and has been identified to play an important role in regulating calcium
and phosphorus metabolism to maintain the physiological functions of the musculoskeletal system. Moreover, it is
a widely expressed and multifaceted vitamin whose receptors are found in various organ systems throughout the body.
Vitamin D deficiency is closely associated with the development of various acute and chronic diseases, such as metabolic
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syndrome related disorders, autoimmune diseases, diabetes, psychiatric diseases, respiratory and cardiovascular diseases,
and cancer.”” Therefore, the prevention of vitamin D deficiency is a crucial and urgent public health problem.

Vitamin D is a lipid-soluble vitamin, and in healthy individuals, approximately 90% of it is synthesized endogenously
via the interaction of solar ultraviolet B (UVB) radiation with the precursor molecule 7-dehydrocholesterol in the skin. To
a lesser extent, this vitamin comes from dietary intake and supplementation. Vitamin D precursors of dermal and dietary
origin are hydroxylated in the liver to form 25(OH)Ds, which subsequently enters the bloodstream and is hydroxylated in
the renal and extra-renal (including immune system cells, placenta and many others tissues) to form 1.25(0OH),Ds. 25
(OH)D is the main circulating form of vitamin D in the bloodstream, and its serum concentration is used as a measure of
an individual’s vitamin D status (serum 25(OH)D concentration).*

Currently, extensive data indicate that the prevalence of vitamin D deficiency in humans is gradually increasing worldwide.
It has been reported that the lowest threshold of serum 25(OH)D <25 or 30 nmol/L (10 or 12ng/mL) can be used in both lower-
and high-income countries.” The prevalence of individuals with a critical value of vitamin D status of <30 nmol/L (or 12 ng/
mL) is 18-46% in Africa,® 22.82% in Asia,” and 13% in Europe,® with Asians being most susceptible to vitamin D deficiency.
Numerous factors influence vitamin D deficiency, including hours of sunlight, latitude, occupation, skin pigmentation, age,
dietary habits, sex, and genetics. As endogenous vitamin D synthesis is highly dependent on sunlight, insufficient solar
radiation may be a major cause of vitamin D deficiency.” ' Due to the absorption of UVB by the ozone layer, it is difficult for
people living below 33° latitude to get enough vitamin D from light exposure.'? As a tertiary hospital, Shanxi Bethune
Hospital is situated at 37°54' north latitude and contends with a relative scarcity of sunlight, averaging around 170 hours per
month from November to February annually (source: https://en.wikipedia.org/wiki/Taiyuan), coinciding with the period when

our hospital staff undergo their physical examinations. Several studies have shown a significantly increased risk of vitamin
D deficiency in people engaged in shift work and office work; hence, occupation is a key factor resulting in insufficient solar
radiation exposure and thus low vitamin D status.'® Hospital staff, as a special group, mostly work in shifts, and this work
pattern hinders endogenous vitamin D synthesis via solar UVB exposure. Therefore, it is reasonable to assume that healthcare
workers are at risk for vitamin D deficiency. Studies on vitamin D status in medical personnel conducted in various countries,
such as Spain,'* Turkey,'> India,'® and Korea,'” have reported some degree of deficiency, which supports this hypothesis.
Although China is the largest country in Asia and has a large number of hospital staff, there is a dearth of studies on vitamin
D status and risk factors among hospital staft in the Chinese context. Therefore, in this research, we determined the serum
concentration of 25(OH)D in the hospital staff at Shanxi Bethune Hospital, China, and explored the risk factors associated
with vitamin D deficiency.

Methods

Study Design

This investigation was conducted as a cross-sectional study, analyzing physical examination data collected from both hospital
staff and patients attending the outpatient department at Shanxi Bethune Hospital during the same timeframe when hospital
staff underwent their physical examinations, spanning from January to March 2022. The data were retrieved from the Hospital
Information System in May 2023 by staff members of the Information Department who were not involved in the study being
presented. Prior to analysis, all identifying information, was removed from the dataset to protect patient privacy. The primary
outcome was to compare the prevalence of vitamin D deficiency among different categories of hospital staff.

Participants
The survey was approved by the Ethics Committee of Shanxi Bethune Hospital and was conducted in accordance with
the tenets of the Declaration of Helsinki.

Data from physical examinations conducted on 2509 hospital staff members at Shanxi Bethune Hospital, China.
These staff members were categorized as follows: 312 administrative staff, 608 licensed physicians, 253 medical
scientists, and 1336 nurses (four categories).

The inclusion criteria for hospital staff
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e Age > 23 and <60
e Staff of Shanxi Bethune Hospital

The exclusion criteria for hospital staff

e Staff with malignant neoplasms
e Retired employees

The inclusion criteria for patients

e Age > 23 and <60
e Visited outpatients department at the same time period of staff physical examination
e Took blood test examination with the result of VitD concentration

The exclusion criteria for patients
e With malignant neoplasms

Measurements
According to the vitamin D evaluation criteria, a vitamin D status of <12 ng/mL (30 nmol/L) was accepted as vitamin
D deficiency, 12-20 ng/mL (30-50 nmol/L) as insufficiency, and >20 ng/mL (50 nmol/L) as sufficiency.'® In 2011, the
Institute of Medicine in US recommended that vitamin D status of <12.5 ng/mL (31.25 nmol/L) should be considered as
vitamin D deficiency.'® Another research in 2011 reported that recommended defining 25(OH)D < 20ng/mL as vitamin
D deficiency.”* Among all individuals, vitamin D status were measured using the enzyme-linked immunosorbent assay
(Immuno-diagnostic System Limited, Hong Kong, China). According to the product manual of the enzyme-linked immuno-
sorbent assay vitamin D status <12.3 ng/mL (30.75 nmol/L) was defined as vitamin D deficiency in this presented study.

Information pertaining to demographic characteristics, anthropometric measures, health screening, occupational
exposure (surgical operational work and radiation exposure), and laboratory indexes was acquired. Besides vitamin
D status, the following variables were collected including thyroid-stimulating hormone (TSH), low-density lipoprotein-
cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDL-C), lipid, uric acid (UA), cholesterol (CHO), triglycer-
ide (TG), and glucose (Glc). The variables of height and weight were collected to generate body mass index (BMI).
Blood pressure was assessed after individuals had been seated for 5 minutes, using a cuff for measurement.

Additionally, vitamin D status data were gathered from 1507 patients aged 23 to 60, matching the age range of the
hospital staff, who visited Shanxi Bethune Hospital during the same period. This data was collected to evaluate the
vitamin D status of the hospital staff. All blood samples were taken fasting.

Surgical relevant work refers to those staff members who perform surgery as part of their daily tasks, while radiation
exposure refers to those who work regularly with radiation, such as personnel in radiology and interventional procedures
involving catheterization.

Statistical Analysis

Descriptive statistics were used for continuous variables with a normal distribution, and the data were expressed as mean and
standard deviation. Median and interquartile range (Q1-Q3) were reported for abnormally distributed continuous variables.
Comparisons of normally distributed data were made using Student’s #-test and one-way analysis of variance, whereas the
Wilcoxon rank-sum test was employed for non-normally distributed quantitative data. Categorical variables were analyzed
using the chi-square or Fisher’s exact test. Univariate and multivariate logistic regression analyses were performed to assess
factors related to vitamin D deficiency, and the results were presented as adjusted odds ratios (ORs) and 95% confidence
intervals (95% Cls). Propensity score matching (PSM) was conducted to align the demographic characteristics of patients with
those of hospital staff, including age and sex. PSM was employed with a caliper of 0.02 to establish a 1:1 ratio in the PSM
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dataset. Statistical analyses were performed using Stata SE 13 (Serial number 401306302851), R software version 3.6.1
(http://cran.r-project.org/), and easy-R (www.empowerstats.com). Stata SE 13 was utilized for both univariate and multi-

variate logistic regression analyses. R software was employed to generate the PSM dataset. Easy-R was utilized on Student’s
t-test, one-way analysis of variance, Wilcoxon rank-sum test, chi-square test, and Fisher’s exact test.

Sample size was calculated based on the following parameters: the lowest prevalence of vitamin D deficiency among
staff was 70%, while the highest rate was 80%. Two hundred and twenty samples were needed for each medical category
when a equals 0.05 and B equals 0.2.

Results

Participant Characteristics

Of the 2509 individuals, 1945 were women and 564 were men, with a mean age of 34.96 + 6.36 (min-max: 23—60) years.
A total of 312 were administrative staff, 608 individuals were licensed physicians, 253 were medical scientists, and 1376
were nurses. The demographic information of all participants are listed in Table 1. Significant differences were observed
among the four categories of hospital staff in terms of sex, age, BMI, hypertension, surgery-related work, and radiation
exposure, with all p-values being below 0.001 (Table 1).

The serum vitamin D status, presented as the median followed by the interquartile range (Q1~Q3). Among hospital staff,
the median value of serum 25(OH)D was 9.0 ng/mL (7.50~11.20) and ranged from 6.5 to 44.7 ng/mL. A total of 2044
participants (81.47%) exhibited a vitamin D status of <12.3 ng/mL. The median concentration of serum 25(OH)D of the four
categories of hospital staff were as follows: 9.6 (7.90~12.20), 9.4 (7.70~11.62), 9.6 (7.90~12.20), and 8.7 (7.30~10.60),
yielding a statistically significant p-value of 0.0001 (Table 2). Table 2 also indicates a significant difference among the four
categories of staff in terms of Vitamin D deficiency, thyroid-stimulating hormone (TSH), low-density lipoprotein-cholesterol
(LDL-C), high-density lipoprotein-cholesterol (HDL-C), UA, cholesterol (CHO), triglyceride (TG), and Glc.

Univariable and Multivariable Analysis for Vitamin D Deficiency Among Hospital Staff
According to the findings of univariable analysis, females (OR = 1.60, 95% CI 1.28-2.01, p < 0.0001), individuals engaged in
nursing (OR = 1.95, 95% CI 1.45-2.63, p < 0.0001), BMI below 18 (OR = 2.69, 95% CI 1.16-6.23, p = 0.0211), and staff
involved in surgical relevant work (OR = 1.40, 95% CI 1.13-1.74, p = 0.024) associated to higher prevalence of vitamin
D deficiency. Meanwhile, employees above 30 years of age (OR =0.57, 95% CI 0.44-0.74, p < 0.0001), BMI above 24 (OR =
0.69, 95% C10.56-0.85, p =0.0004), individual with hypertension (OR =0.77, 95% CI 0.62—0.96, p=0.0191), high a level of
UA (OR =0.47, 95% CI 0.35-0.63, p < 0.0001), and high level of CHO (OR = 0.70, 95% 0.55-0.88, p = 0.0029) associated
with to lower prevalence of vitamin D deficiency (Table 3).

Table | Demographic Information of All Hospital Staff

Overall (n=2509) AS (n=312) LP (n=608) MS (n=253) Nurse (n=1336) Statistics P-value

Sex (male) 564 (22.48%) 141 (45.19%) | 238 (39.14%) 97 (38.34%) 88 (6.59%) ¥*=419.43 <0.001
Age

Mean + SD 34.96 £6.36 37.53 £7.30 36.89 £6.03 35.8 £5.28 33.33 £5.97 F=72.14 < 0.001

Median (q1-q3) 34 (31~38) 36 (33~41) 37 (32~41) 36 (33~39) 33 (29~36)

Min-max 23~60 24~60 26~59 24~59 23~58
BMI (kg/m?)

Mean * SD 23.25 £3.47 24.02 +3.80 23.97 £3.61 23.81 +3.65 22.64 £3.16 F=31.04 < 0.001

Within normal range (18~24) 1520 (60.58%) 171 (54.81%) | 321 (52.80%) 139 (54.94%) 889 (66.54%) ¥*=58.19 <0.001

Underweight (<18) 86 (3.43%) 8 (2.56%) 15 (2.47%) 7 (2.77%) 56 (4.19%)

Overweight or obesity (>24) 903 (35.99%) 133 (42.63%) | 272 (44.74%) 107 (42.29%) 391 (29.27%)
Hypertension 704 (28.06%) 115 (36.86%) 198 (32.57%) 94 (37.15%) 297 (22.23%) ¥*=50.94 <0.001
Surgical relevant work 915 (36.47%) 3 (0.96%) 252 (41.45%) 9 (3.56%) 651 (48.73%) $¥=381.22 < 0.001
Radiation exposure 213 (8.49%) 0 (0.00%) 120 (19.74%) 47 (18.58%) 46 (3.44%) ¥*=204.88 < 0.001

Abbreviations: AS, Administrative staff; LP, Licensed physicians; MS, Medical scientists; BMI, Body Mass Index.
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Table 2 Laboratory Testing Results for All Hospital Staff
Overall (n=2509) AS (n=312) LP (n=608) MS (n=253) Nurse (n=1336) Statistics P-value
Vitamin D (ng/mL)
Median (ql-g3) 9.00 (7.50~11.20) 9.60 (7.90~12.20) 9.40 (7.70~11.62) 9.60 (7.90~12.20) 8.70 (7.30~10.60) $=-589 | 0.000l
Min-max 6.50~44.70 6.50~36.90 6.50~40.00 6.50~44.70 6.50~43.70
Vitamin D deficiency 2044 (81.47%) 235 (75.32%) 475 (78.12%) 190 (75.10%) 1144 (85.63%) =34.43 <0.001
TSH (WlU/mL) (median (q1-g3)) |  2.30 (1.62~3.24) 2.09 (1.52~3.13) 224 (1.61~3.10) 2.23 (1.62~3.20) 238 (1.67~3.35) 2=10253 | 0.0165
FT3 (pg/mL) (mean + SD) 3.71 £0.46 3.77 £0.45 3.70 £0.40 3.72 £0.43 3.70 +0.49 F=2.45 0.062
FT4 (ng/dL) (mean * SD) 0.86 +0.15 0.86 +0.13 0.87 +0.13 0.86 +0.14 0.86 +0.16 F=0.52 0.670
LDL-C (mmol/L) (mean + SD) 2.93 +0.66 3.12 +0.67 3.05 +0.65 2.99 +0.69 2.81 +0.64 F=31.73 < 0.001
HDL-C (mmol/L) (mean * SD) 1.38 £0.29 1.32 £0.29 1.36 £0.30 1.35 £0.30 .41 £0.29 F=12.14 < 0.001
UA (umol/L) (median (q1-q3)) | 270.8 (229.1~329.7) | 299.2 (254.6~377.8) | 291.9 (236.3~369.7) | 285.0 (242.2~353.5) | 2555 (219.9~2986) | F=7640 | < 0.0l
CHO (mmol/L) (mean * SD) 4.61 £0.86 4.83 £0.86 4.75 +0.82 4.65 £0.92 4.49 £0.84 F=21.40 < 0.001
TG (mmol/L) (median (q1-q3)) 091 (0.67~1.36) 1.10 (0.75~1.70) 1.03 (0.76~1.54) 1.04 (0.72~1.62) 0.82 (0.62~1.15) | 4>=137.839 | 0.0001
Glc (mmol/L) (mean = SD) 4.88 £0.78 4.96 +0.87 4.99 £0.88 4.94 £1.01 4.80 +0.63 F=10.07 < 0.001

Abbreviations: AS, Administrative staff; LP, Licensed physicians; MS, Medical scientists; TSH, thyroid stimulating hormone; FT3, free thyroxine 3; FT4, free thyroxine 4;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, uric acid; CHO, cholesterol; TG, triacylglycerol; Glc, glucose.

Table 3 Univariable and Multivariable Logistic Regression for the Vitamin D Deficiency Among All Hospital Staff

Number (%) Univariable Analysis Multivariable Analysis
OR (95% CI) P-value OR (95% Cl) | P-value
Sex Female 1945 (77.52%) 1.60 (1.28, 2.01) <0.0001 1.06 (0.80, 1.41) 0.677
Age >30 1899 (75.69%) | 0.57 (0.44, 0.74) <0.0001 0.69 (0.53, 0.91) 0.009
Job category AS 312 (12.44%) 1.0
LP 608 (24.23%) 1.17 (0.85, 1.61) 0.3376 1.08 (0.76, 1.53) 0.685
MS 253 (10.08%) 0.99 (0.67, 1.45) 0.9516 0.96 (0.64, 1.42) 0.821
Nurse 1336 (53.25%) 1.95 (1.45, 2.63) <0.0001 1.54 (1.09, 2.19) 0.015
TSH (ulU/mL) Within normal range (0.56-5.91) 2338 (93.18%) 1.0
Subpar to normal range (£0.56) 63 (2.51%) 0.66 (0.37, 1.18) 0.1640
Superior to normal range (25.91) 108 (4.30%) 1.13 (0.67, 1.89) 0.6428
FT3 (pg/mL) Within normal range (2.30—4.80) | 2471 (98.49%) 1.0
Superior to normal range (24.80) 38 (1.51%) 1.51 (0.59, 3.89) 0.3934
FT4 (ng/dL) Within normal range (0.59-1.25) | 2473 (98.57%) 1.0
Subpar to normal range (<0.59) 22 (0.88%) 0.48 (0.20, 1.19) 0.1130
Superior to normal range (21.25) 14 (0.56%) 0.56 (0.18, 1.80) 0.3321
BMI (kg/m?) 18-24 1520 (60.58%) 1.0
<18 86 (3.43%) 2.69 (.16, 6.23) 0.0211 2.39 (1.02, 5.58) 0.045
>24 903 (35.99%) 0.69 (0.56, 0.85) 0.0004 0.87 (0.69, 1.10) 0.238
Hypertension 704 (28.06%) 0.77 (0.62, 0.96) 0.0191
LDL-C (mmol/L) Within normal range (<3.37) 1921 (76.56%) 1.0
Superior to normal range (23.37) 588 (23.44%) 0.72 (0.58, 0.91) 0.0054 1.08 (0.73, 1.59) 0.695
(Continued)
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Table 3 (Continued).

Number (%) Univariable Analysis Multivariable Analysis

OR (95% Cl) | P-value | OR (95% Cl) | P-value

HDL-C (mmol/L) Within normal range (1.03-1.55) 1667 (66.44%) 1.0

Subpar to normal range (<1.03) 219 (8.73%) 0.83 (0.58, 1.17) 0.2785

Superior to normal range (21.55) 623 (24.83%) 1.04 (0.82, 1.32) 0.7411

UA (umol/L) Within normal range (208—428) 2243 (89.40%) 1.0

Subpar to normal range (<208) 36 (1.43%) 0.86 (0.38, 1.99) | 07304 | 0.80 (0.34, 1.87) | 0.610

Superior to normal range (2428) 230 (9.17%) 0.47 (0.35, 0.63) <0.0001 0.56 (0.41, 0.78) 0.001

CHO (mmol/L) Within normal range (3.25-5.2) 1895 (75.53%) 1.0

Subpar to normal range (£3.25) 78 (3.11%) 0.64 (0.38, 1.09) 0.0998 0.60 (0.35, 1.04) 0.066

Superior to normal range (25.2) | 536 (21.36%) | 0.70 (0.55,0.88) | 0.0029 | 0.82 (0.56, 1.20) | 0.303

TG (mmoliL) Within normal range (<1.7) | 2113 (84.22%) 1.0

Superior to normal range (>1.7) | 396 (15.78%) | 0.91 (0.70, 1.20) | 05162

Glc (mmol/L) Within normal range (3.9-6-1) 2418 (96.37%) 1.0

Subpar to normal range (£3.9) 32 (1.28%) 0.98 (0.40, 2.40) 0.9648

Superior to normal range (26.1) 59 (2.35%) 0.80 (0.43, 1.49) 0.4842

Surgical relevant work 915 (36.47%) 1.40 (1.13, 1.74) 0.0024 1.19 (0.93, 1.53) 0.155

Radiation exposure 213 (849%) | 0.84 (0.59, 1.18) | 03091 | 1.09 (0.75, 1.58) | 0.660

Note: Vitamin D deficiency is defined as 25(OH)D < 12.3ng/mL.
Abbreviations: AS, Administrative staff; LP, Licensed physicians; MS, Medical scientists; TSH, thyroid stimulating hormone; FT3, free thyroxine 3; FT4, free thyroxine 4;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, uric acid; CHO, cholesterol; TG, triacylglycerol; Glc, glucose.

The multivariable logistic regression revealed that nurses (OR = 1.54, 95% CI 1.09-2.19, p = 0.015), BMI below 18
(OR =2.39, 95% CI 1.02-5.58, p = 0.045) associated with higher prevalence of vitamin D deficiency. In the contrast, age
above 30 (OR = 0.69, 95% CI 0.53-0.91, p = 0.009) and a high level of UA (OR = 0.56, 95% CI 0.41-0.78, p = 0.001)
associated with lower prevalence of vitamin D deficiency. All the univariable and multivariable analysis results are
displayed in Table 3. For other results of vitamin D deficiency analysis, please check Table S1.

Comparing Vitamin D Deficiency in Patients and Hospital Staff

The demographic characteristics of 1507 patients and 2509 hospital staff were detailed in Table 4, encompassing both the
original dataset and the PSM dataset. As presented in Table 5, among the 1507 patients, 990 (65.69%) exhibited vitamin
D deficiency, while among the 2509 hospital staff, 2044 (82.47%) were identified with vitamin D deficiency (p < 0.001).

Table 4 Demographic Information of All Patients and Hospital Staff

Before PSM After PSM
Patients Hospital Staff P-value | SMD Patients Hospital Staff P-value | SMD
(n=1507) (n=2509) (n=982) (n=982)
Sex (male) 507 (33.64%) 564 (22.48%) <0.001 0.250 | 291 (29.63%) 291 (29.63%) 1.000 <0.001
Age (mean * SD) 41.84 (11.39) 34.96+6.36 <0.001 0.745 36.17 (8.34) 36.17 (8.34) 1.000 <0.001
Abbreviation: PSM, propensity score matching.
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Table 5 Comparison of Vitamin D Level Between Patients and Hospital Staff

Original Dataset PSM Dataset
Patients Hospital Staff P-value Patients Hospital Staff P-value
(n=1507) (n=2509) (n=982) (n=982)
Vitamin D level <0.001 0.001
Mean * SD 12.2947.15 10.06+4.06 11.60£6.26 10.31+£4.49
Median (ql~q3) 10.1 (7.50~14.30) 9.0 (7.50~11.20) 9.8 (7.20~13.60) 9.2 (7.50~11.47)
Min-max 6.50~81.00 6.50~44.70 6.50~57.70 6.50~44.70
Vitamin D deficiency 990 (65.69%) 2044 (81.47%) <0.001 679 (69.14%) 785 (79.94%) <0.001

Abbreviation: PSM, propensity score matching.

A significant difference was observed in Table 5 between these two groups regarding the prevalence of vitamin
D deficiency in the analysis of the PSM dataset (69.14% vs 79.94%, p < 0.001).

Discussion

Several factors affect vitamin D deficiency, and the Chinese hospital staff are more prone to it owing to risk factors such
as shorter hours of sunlight exposure, a higher proportion of women, night shifts, anxiety, and stress.”'** Our analysis of
the factors associated to the serum vitamin D status among hospital staff revealed significant correlations with age,
occupation, BMI, and UA level. Whether age is a risk factor for vitamin D deficiency has remained a controversial topic.
A comparison of vitamin D status of hospital and community physicians in Israel suggested that older physicians had
higher serum vitamin D status than younger physicians. Another study on Iranian female nurses also illustrated that
younger nurses (<50 years) had lower vitamin D status than older nurses (>50 years).>* The findings from univariate and
multivariate analyses in the present study suggested that healthcare workers aged >30 years are less prone to vitamin
D deficiency. This result could be attributed to the fact that healthcare workers become aware of the need for vitamin
D supplementation as their age and experience increase. In addition, younger healthcare workers may be at higher risk of
vitamin D deficiency because of excessive sun protection, night shifts, and daytime sleep.

The occupation may be associated to vitamin D status." A Korean study showed that 89% of childbearing-aged nurses
with a lower vitamin D status.'” Furthermore, a study from Thailand found that 95.4% of nurses were with vitamin
D deficiency.?® In the presented study, nursing work was related to a higher prevalence of vitamin D deficiency in both
univariate and multivariate analyses. The following two factors could be responsible for this finding. First, the nursing
profession is a shift-work system, with most of the time spent indoors, resulting in less exposure to solar UVB and
disturbances in the physiological circadian rhythm.'> A considerable number of nurses need to work continuously during
night shifts. A significant portion of nurses are required to work consecutive night shifts, necessitating the adjustment of
their breaks to daytime hours, further reducing their exposure to daylight. Second, a large Chinese population base and
large number of patients lead to a high nursing workload and higher stress in daily life than in other occupations.'”-*®
Moreover, the results of this study implied that vitamin D status were significantly lower in individuals engaged in
nursing work than in those engaged in administrative duties (p = 0.015). Therefore, it is important to focus on eradicating
vitamin D deficiency in the nursing staff to improve the overall health of this population.

Another important issue is that the majority of hospital staff work in shifts. Almost all hospital staff are required to
work night shifts to varying degrees. Sleep or sleep quality is also associated with vitamin D deficiency. It is reported that
workers who engage in shift driving have a significantly higher incidence of vitamin D deficiency than those who have
a regular schedule. Another research reported rotating shift workers who with vitamin D deficiency have higher chances
of apnea, even after adjustment for confounding factors.?”-*® There has a population-based cross-sectional study indicated
that sleep quality and vitamin D status are two factors that interact with each other. People with poor sleep quality also
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have lower vitamin D status.>® Therefore, little or poor sleep quality is also an important health issue for hospital staff,
and this issue is also correlated with vitamin D status.

Vitamin D deficiency was associated with metabolic syndromes disorders, such as obesity, hypertension, hypergly-
cemia, and hyperuricemia.*® Another study examined the link between low vitamin D status and obesity, but weight loss
did not aid in increased serum vitamin D status.®' Our study revealed a significant association between hospital staff with
a BMI < 18 and vitamin D deficiency, with these individuals being 2.39 times more likely to be deficient compared to
those with a BMI between 18 and 24. This finding suggests that low body weight may indeed pose a risk factor for
vitamin D deficiency. Given that individuals with lower body weight are inherently more vulnerable to nutritional
deficiencies, it is understandable why they may exhibit lower vitamin D status. Nonetheless, certain studies have also
identified significantly lower BMI in vitamin D-deficient female, which agreed with the results of this study. The possible
reason for this finding could be the higher proportion of female in the present study. In studies related to vitamin D status
and hypertension, the findings suggested that vitamin D deficiency was negatively associated with the incidence of
hypertension and that the increased or higher vitamin D status might play a protective role against the development of
hypertension. A large cross-sectional study in the United States observed a negative correlation between vitamin D status
and blood pressure.’” Another observational study revealed that vitamin D status were negatively associated with the risk
of developing hypertension, and the systolic blood pressure tended to decrease as serum vitamin D status increased.>”
These results allude that vitamin D metabolic signaling pathways are vital in the regulation of vascular tone.** In
addition, systolic blood pressure has been reported to be higher in vitamin D-deficient and insufficient populations than in
vitamin D-sufficient populations, and the protective effect of this vitamin against high blood pressure was observed to be
related to its regulation of vascular endothelial cells. However, in the present study, no significant correlation was noted
between hypertension and vitamin D deficiency, which could be ascribed to the younger age of the hospital staff in the
sample and the lower prevalence of hypertension. A complex bidirectional association prevails between vitamin D and
UA levels, and studies have proved that elevated serum UA levels may be linked to increased vitamin D status. Vitamin
D deficiency is associated with hyperuricemia, as shown by the fact that an increase of 1 mg/dL in blood UA level
increases the vitamin D status by 0.5 ng/mL and that patients with vitamin D deficiency are approximately 1.5 times
more likely to have hyperuricemia than those with normal levels.>> Nevertheless, the outcomes of the present study
suggest that vitamin D deficiency is not likely to occur in people with elevated serum UA levels, which could be
explained by the fact that hyperuricemia inhibits the expression of the 1a-hydroxylase CYP27B1 gene, which encodes
a key enzyme that converts 25(OH)D to osteotriol [1,25(OH)2D]. As a consequence, the conversion of 25(OH)D to
calcitriol is impeded, leading to an increase in relative serum levels of 25(OH)D.>¢

Globally, vitamin D deficiency is becoming a common condition, and several fundamental research as well as clinical
application studies has emphasized its close association with chronic and acute diseases. Investigations have established
that vitamin D deficiency is the result of a combination of factors, with the most important ones being reduced UVB
availability, stemming from lower solar radiation exposure, and low dietary intake.’” Moreover, Vitamin D deficiency is
strongly linked to the development of metabolic disorders, autoimmune diseases, diabetes, psychiatric diseases, respira-
tory and cardiovascular diseases, and cancer.*®** Studies have demonstrated that severe vitamin D deficiency, with
vitamin D status of <30 nmol/L (or 12 ng/mL), significantly exacerbates the risk of mortality, infection, and several other
diseases.*” In general, factors that influence sun exposure and diet affect vitamin D status, including individual, social
and cultural factors*'* Owing to our enhanced understanding of vitamin D as a multifaceted vitamin, its deficiency has
been found to be strongly associated with the development of chronic and acute diseases. The high prevalence of vitamin
D deficiency is expected to increase the global disease burden. Yang et al showed that the prevalence of vitamin D status
of <20 ng/mL in Chinese children and adolescents was 22.6%.** Moreover, Zhang et al observed that the prevalence of
vitamin D deficiency in the elderly Chinese population was 69.2-94.3%.% This study revealed that the serum vitamin
D status of the hospital staff, especially those engaged in nursing, were significantly lower than those of the general
population. Further analysis of the factors influencing vitamin D status indicated that age, body weight, and serum UA
levels were associated with vitamin D status.**

In this cross-sectional study, by using PSM analyzed the vitamin D status of hospital staff and patients attending our
outpatient clinic during the same period, which revealed that the prevalence of vitamin D deficiency was higher in
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hospital staff than in contemporaneous outpatients. This result also supported that the high prevalence of vitamin
D deficiency in hospital staff.'> Such results once again corroborate that vitamin D deficiency is a widespread public
health problem. Vitamin D is an important nutrient, but about 90% of the world’s population is deficient in this nutrient.
Appropriate vitamin D supplementation or consumption of vitamin D-rich foods such as fish oil can enhance health to
a certain extent. It has been shown that while vitamin D supplementation does not reduce the incidence of cardiovascular
disease, it does reduce the incidence of fractures due to osteoporosis.”> As a result, awareness of vitamin
D supplementation is increasing. Hospital staff are characterized by stressful jobs and irregular lifestyles, which may
lead to even lower vitamin D status.

Limitations

Due to the cross-sectional study design, it was challenging to fully elucidate the relationship between occupation and
vitamin D deficiency. Furthermore, in this study, only age, sex, and vitamin D status were accessible for patients visiting
the outpatient department. The absence of patient BMI, occupations, and daily lifestyle patterns may lead to analytical
constraints, potentially resulting in a lack of representativeness in comparing vitamin D levels between hospital staff and
patients. A prospective study is expected to elucidate the causes of vitamin D deficiency among hospital staff.

Conclusion

The findings from this study clearly show that hospital staff are at a greater risk for vitamin D deficiency. This finding
may be related to the nature of work and lifestyle of healthcare workers. Particularly, the nursing staff who are involved
in shift work are more prone to vitamin D deficiency. Therefore, the importance of maintaining adequate vitamin D status
should be considered in the health management of hospital staff to prevent adverse health outcomes associated with its
deficiency. Outdoor activities, vitamin D supplementation, and foods rich in vitamin D should be advocated.
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