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Abstract
Vitamin D deficiency is a global health issue, affecting various populations
including healthcare professionals. Despite their awareness and access to
health resources, healthcare professionals are not immune to this deficiency.
This study aims to investigate the prevalence and associated factors of
vitamin D deficiency among licensed physicians and nurses in a tertiary
hospital in Taiyuan, Shanxi Province. A cross-sectional study was conducted
from January to March 2022, involving 1944 healthcare professionals (608
licensed physicians and 1336 nurses) at Shanxi Bethune Hospital. Serum 25-
hydroxyvitamin D [25-(OH)D] levels were measured using the enzyme-linked
immunosorbent assay (ELISA). Participants’ demographic data, body mass
index (BMI), and job-related factors were collected and analyzed. Significant
differences were observed in age, gender distribution, and BMI between
licensed physicians (LPs) and nurses. LPs were generally older, had a higher
BMI, and a higher prevalence of hypertension. The median vitamin D level
was slightly higher in LPs (9.4 ng/mL) compared to nurses (8.7 ng/mL).
However, both groups exhibited a high prevalence of vitamin D deficiency, with
78.12% of LPs and 85.63% of nurses affected. Univariable and multivariable
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logistic regression analyses identified several factors associated with vitamin
D deficiency. Age over 30 years was associated with a lower likelihood of
deficiency (OR=0.68, 95% CI 0.50-0.92, P=0.013). Nurses were more likely to
be deficient compared to LPs (OR=1.26, 95% CI 1.10-1.44, P=0.001). Lower-
than-normal uric acid (UA) levels were associated with an increased risk
of deficiency (OR=1.51, P=0.034). Vitamin D deficiency is prevalent among
healthcare professionals, with nurses being more affected than licensed
physicians. Factors such as age, job type, and UA levels significantly contribute
to this deficiency. It is essential to implementmulti-level interventions including
increased sunlight exposure, work environment improvements, and regular
health check-ups to enhance the vitamin D status of healthcare professionals.

Keywords: Vitamin D deficiency; Healthcare professionals; Cross-sectional study; Tertiary
hospital; Risk factors; Nurses; Licensed physicians

1 Introduction
In recent years, there has been an expo-
nential increase in vitamin D testing,
and low vitamin D status is becoming a
very common phenomenon worldwide.
It is reported that the prevalence of vita-
min D deficiency is 37% in Canada (1),
40% in Europe (2), and 24% in the United
States (3). As a fat-soluble vitamin, vita-
min D receptors are present in most tis-
sues and cells in the body. Therefore,
In addition to causing rickets in chil-
dren and osteomalacia or osteoporosis in
adults (4), long-term deficiency of vitamin
D is also strongly associated with non-
skeletal diseases such as cancer, autoim-
mune diseases, cardiovascular diseases,
and mental illnesses (5). Especially, vita-
min D deficiency with 25(OH)D concen-
trations below 30 nmol/L (or 12 ng/mL)
significantly increases the risk of excess
mortality (6).Therefore, it is crucial to take
steps to prevent vitamin D deficiency.

Under such circumstances, under-
standing the factors related to vitamin
D deficiency becomes particularly impor-
tant. Vitamin D is synthesized in the skin
from 7-dehydrocholesterol upon expo-
sure to ultraviolet B (UVB) radiation. As
long as there is sufficient sunlight expo-
sure, skin synthesis of vitaminD canmeet
80-100% of the daily requirement (7), so
exposure to sunlight is very important. In
the absence of sufficient UVB availabil-
ity/exposure for skin synthesis, dietary
provision of vitaminD is crucial formeet-

ing population needs and preventing vita-
min D deficiency (8). Apart from that,
sleep disorders and poor sleep quality are
also related to it, low levels of vitamin
D are associated with shorter sleep dura-
tion (9,10). Of course, there are other fac-
tors such as skin color, obesity, environ-
mental pollution and gene (11,12).

Although vitaminDdeficiency is com-
mon, it is rarely reported in health-
care professionals. In recent years, only
one review has briefly mentioned the
vitamin D deficiency among healthcare
workers (13). Furthermore, reports from
India indicate that healthcare profession-
als have a greater deficiency of vitamin D
compared to the general population (14).
The prevalence of vitamin D insufficiency
or deficiency is high among anesthesiol-
ogists in South Asian countries and den-
tists in Nigeria (15,16). Additionally, studies
have shown that hospital residents have
a higher risk of lower vitamin D levels
compared to community physicians (17).
89% of nurses of childbearing age also
lack vitamin D (18). Our previous study
reported that the prevalence of vitamin
D deficiency is more than 80% among
hospital staff, while body mass index
(BMI), age, (UA), and type of job are
associated with vitamin D deficiency (19).
Although licensed physicians (LPs) and
nurses share similar working conditions,
comparisons of the prevalence of vitamin
D deficiency between these two types of
healthcare professionals are rare.
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Therefore, this study aims to compare the serum 25-(OH)D
levels among them at Shanxi Bethune Hospital, a tertiary
healthcare facility located inTaiyuan, the capital city of Shanxi
province (19).

2 Methods and Materials

2.1 Study Design

This study is a cross-sectional study that collected physi-
cal examination data of healthcare professionals at Shanxi
Bethune Hospital from January to March 2022. The primary
aim of this study is to compare the vitaminD deficiency status
between doctors and nurses. All personal privacy information
was removed before analysis.

2.2 Participants

All on-duty healthcare professionals without malignant dis-
eases during the physical examination.

The inclusion criteria for hospital staff physical examina-
tion records were enrolled.

• Age ≥ 23 and ≤60
• LPs or nurses of Shanxi Bethune Hospital

The exclusion criteria for hospital staff physical examination
records were enrolled.

• Third-party dispatched personnel
• ID number missing
• Duplicated records
• Staff with malignant neoplasms
• Retired employees

2.3 Ethical Approval and Consent to
Participate

This study was approved by the Institutional Ethical Review
Board of Shanxi Bethune Hospital (No. YXLL-2023-185,
YXLL-SL-2022-221), according to the ethical guidelines of
the Helsinki Declaration. All hospital staff signed Informed
consent for clinical data use. As all data utilized in this study
were anonymized, the requirement for informed consent was
therefore waived.

2.4 Measurement Standards

Due to the stable nature of serum 25-hydroxyvitamin D
(25-(OH)D), it is used as a marker for vitamin D status.
Although there is controversy over using these cut-off values
to define vitamin D deficiency, most agree that vitamin D
levels <20 ng/mL (50 nmol/L) are considered deficient, 21 - 29
ng/mL (52 - 72 nmol/L) are considered insufficient, and >30
ng/mL (75 nmol/L) are considered sufficient (20). The IOM
DRI committee in the United States suggested that people

are at risk of deficiency at serum 25(OH)D concentrations
<12 ng/mL (30 nmol/L).At the same time, studies have used
the most conservative serum 25(OH)D threshold of <10/12
ng/mL (25/30 nmol/L) (8). This study used the enzyme-linked
immunosorbent assay (ELISA) to measure [25(OH)D]. The
range provided in the reagent instructions is <12.3 ng/mL
(30.75 nmol/L) (19).

Besides basic information such as height, weight, gender,
age, and blood pressure, we also collect other laboratory
indicators from participants, including thyroid-stimulating
hormone (TSH), Free triiodothyronine (FT3), Free thyroxine
(FT4), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), UA, cholesterol
(CHO), triglycerides (TG), and glucose (Glu). In addition,
there are job-related factors such as involvement in surgical
procedures and exposure to radiation.

3 Results
Totally, 1944 participants, with 608 LPs and 1336 nurses were
recruited in this analysis (Figure 1).

Fig 1. Flow Diagram

3.1 Demographic Information
The demographic informations of all participants are listed
in Table 1. A significant disparity in sex is observed, with
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39.14% of LPs being male compared to 6.59% among nurses
(P<0.001). LPs tend to be older, with a mean age of 36.89
years, while nurses have a mean age of 33.33 years (P<0.001).
The mean BMI is higher for LPs (23.97 kg/m2) compared
to nurses (22.64 kg/m2) (P<0.001). A larger proportion
of nurses fall within the normal BMI range (66.54%)
compared to LPs (52.80%), whereas more LPs are classified
as overweight or obese (44.74% vs. 29.27%) (P<0.001). The
incidence of hypertension is greater among LPs (32.57%)
compared to nurses (22.23%) (P<0.001). Additionally, nurses
aremore frequently involved in surgical-relatedwork (48.73%
vs. 41.45%) (P<0.001) but have less radiation exposure (3.44%
vs. 19.74%) (P<0.001) compared to LPs.

3.2 Laboratory Testing Results

hows the laboratory testing results for health professionals.
There are no significant differences in FT3 and FT4 levels
between the groups, with both having a mean FT3 of
3.70pg/mL and FT4 of 0.86 ng/dL. However, the median TSH
level is 2.24 𝜇IU/mL for LPs and 2.38 𝜇IU/mL for nurses
which shows significant difference. (P=0.0165). LDL-C levels
are higher in LPs (3.05 mmol/L) compared to nurses (2.81
mmol/L) (P<0.001), while HDL-C levels are lower in LPs
(1.36 mmol/L) compared to nurses (1.41 mmol/L) (P<0.001).
The median UA level is higher in LPs (291.9 𝜇mol/L) than
in nurses (255.5 𝜇mol/L) (P<0.001). CHO levels are higher
in LPs (4.75 mmol/L) compared to nurses (4.49 mmol/L)
(P<0.001). Glc levels are also higher in LPs (4.99 mmol/L)
compared to nurses (4.80 mmol/L) (P<0.001). TG levels are
higher in LPs,with amedian of 1.03mmol/L compared to 0.82
mmol/L in nurses (P=0.0001). The median vitamin D level is
slightly higher in LPs (9.4 ng/mL) compared to nurses (8.7
ng/mL) (P=0.0001), but both groups exhibit a high prevalence
of vitamin D deficiency, with 78.12% of LPs and 85.63% of
nurses affected (P<0.001) (Figure 2).

3.3 Primary Endpoint

Table 3 shows the results of logistic regression analysis of
vitamin D deficiency.

3.4 Univariable Analysis Results

The univariable analysis identifies several factors associated
with vitamin D deficiency among health professionals. Age
over 30 years is linked to a lower likelihood of vitamin D defi-
ciency (OR=0.61, 95% CI 0.45-0.82, P=0.001). Job category
is also a significant factor, with nurses more likely to have
vitamin D deficiency compared to LPs (OR=1.67, 95% CI
1.30-2.13, P<0.001). BMI within the normal range serves as
the reference group, with underweight individuals (BMI <18)
showing an OR of 1.97 (P=0.119) and overweight individu-
als (BMI >24) showing an OR of 0.72 (P=0.010). UA levels
below the normal range are associated with an increased risk

of vitaminD deficiency (OR=1.53, P=0.026), whereas UA lev-
els above the normal range show a decreased risk (OR=0.53,
P=0.009). CHO levels below (OR=0.68, P=0.221) and above
(OR=0.72, P=0.025) the normal range are not significant. The
other factors examined, TSH levels, FT3 levels, FT4 levels,
LDL-C levels, TG levels, Glc levels, hypertension, engage-
ment in surgery-related work, and radiation exposure did not
exhibit a significant association with the prevalence of vita-
min D deficiency.

3.5 Multivariable Analysis Results

The multivariable analysis further refines the associations
between various factors and vitamin D deficiency. Age over
30 years continues to be associated with a lower likelihood of
vitamin D deficiency (OR=0.68, 95% CI 0.50-0.92, P=0.013).
Job category remains a significant factor, with nurses still
more likely to have vitamin D deficiency compared to LPs
(OR=1.26, 95% CI 1.10-1.44, P=0.001). UA levels below the
normal range continue to show an increased risk of vitamin
D deficiency (OR=1.51, P=0.034), while UA levels above the
normal range show a decreased risk (OR=0.57, P=0.048).

The rest of other factors examined, including TSH levels,
FT3 levels, FT4 levels, LDL-C levels, CHO levels, TG levels,
BMI, Hypertension, engagement in surgical relevant work,
and radiation exposure are also not significantly associated
with vitamin D deficiency.

3.6 Sensitivity Analysis with IPTW Data Set

Table 4 presents the IPTW data set for health professionals,
comparing LPs and nurses across various parameters and all
the variables are well-balancedwith SMD from0.001 to 0.083,
p-values from 0.152 to 0.983.

Table 5 compares the prevalence of vitamin D deficiency
between LPs and nurses using the IPTW data set. The
results indicate that vitamin D deficiency is prevalent in both
groups but higher among nurses. Specifically, 78.02% of LPs
are affected by vitamin D deficiency, compared to 83.41%
of nurses (P=0.032). This statistically significant difference
suggests that, even after adjusting for various confounding
factors using IPTW, nurses are more likely to experience
vitamin D deficiency compared to LPs.
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Table 1. Demographic information of all health professionals
Overall (n=1,944) LP (n=608) Nurse (n=1,336) Statistics P-value

Sex (male) 326 (16.77%) 238 (39.14%) 88 (6.59%) 𝜒2=419.43 <0.001

Age mean ± sd 34.44 ±6.21 36.89 ±6.03 33.33 ±5.97 F=72.14 < 0.001

median (q1-q3) 34 (30~38) 37 (32~41) 33 (29~36)

min-max 23~59 26~59 23~58

BMI (kg/m2) mean ± sd 23.06 ±3.36 23.97 ±3.61 22.64 ±3.16 F=31.04 < 0.001

within normal
range (18~24)

1210 (62.24%) 321 (52.80%) 889 (66.54%) 𝜒2=58.19 <0.001

Underweight (<18) 71 (3.65%) 15 (2.47%) 56 (4.19%)

overweight or obe-
sity (>24)

663 (34.10%) 272 (44.74%) 391 (29.27%)

Hypertension 495 (25.46%) 198 (32.57%) 297 (22.23%) 𝜒2=50.94 <0.001

Surgical relevant
work

903 (46.45%) 252 (41.45%) 651 (48.73%) 𝜒2=381.22 < 0.001

Radiation expo-
sure

166 (8.54%) 120 (19.74%) 46 (3.44%) 𝜒2=204.88 < 0.001

LP: Licensed physicians; BMI: Body Mass Index, SBP: Systolic blood pressure, DBP: diastolic blood pressure

Table 2. Laboratory testing results for all health professionals
Overall (n=1,944) LP (n=608) Nurse

(n=1,336)
Statistics P-

value

TSH (𝜇IU/mL) median (q1-q3) 2.34 (1.64~3.25) 2.24 (1.61~3.10) 2.38 (1.67~3.35) 𝜒2=10.253 0.0165

FT3 (pg/mL) mean ± sd 3.70 ±0.46 3.70 ±0.40 3.70 ±0.49 F=2.45 0.062

FT4 (ng/dL) mean ± sd 0.86 ±0.15 0.87 ±0.13 0.86 ±0.16 F=0.52 0.670

LDL-C (mmol/L) mean ± sd 2.89 ±0.65 3.05 ±0.65 2.81 ±0.64 F=31.73 < 0.001

HDL-C (mmol/L) mean ± sd 1.39 ±0.29 1.36 ±0.30 1.41 ±0.29 F=12.14 < 0.001

UA (𝜇mol/L) median (q1-q3) 265 (225.9~318.3) 291.9
(236.3~369.7)

255.5
(219.9~298.6)

F=76.40 < 0.001

CHO (mmol/L) mean ± sd 4.57 ±0.84 4.75 ±0.82 4.49 ±0.84 F=21.40 < 0.001

TG (mmol/L) median (q1-q3) 0.87 (0.65~1.27) 1.03 (0.76~1.54) 0.82 (0.62~1.15) 𝜒2=137.839 0.0001

Glc (mmol/L) mean ± sd 4.86 ±0.72 4.99 ±0.88 4.80 ±0.63 F=10.07 < 0.001

VitaminD (ng/ml) median (q1-q3) 8.9 (7.40~11.00) 9.4 (7.70~11.62) 8.7 (7.30~10.60) 𝜒2=-5.89 0.0001

min-max 6.50 - 43.70 6.50 - 40.00 6.50 - 43.70

Vitamin D defi-
ciency

1619 (83.28%) 475 (78.12%) 1144 (85.63%) 𝜒2=34.43 <0.001

LP: Licensed physicians; 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.
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Fig 2. VitaminD Levels andDeficiency Across Different Age Stratifications. A.The lines within the boxes represent themedian levels of
Vitamin D (ng/ml). The bottom and top edges of the boxes correspond to the 1st and 3rd quartiles, respectively. The whiskers (bottom
and top lines) indicate theminimum andmaximum levels. B.The prevalence of VitaminD deficiency across different age stratifications
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Table 3. Uni- and multivariable logistic regression for the vitamin D deficiency among all health professionals
Univariable analysis Multivariable analysis

Number (%) OR (95%CI) P-value OR (95%CI) P-value
Sex female 1618 (83.23%) 1.27 (0.94, 1.72) 0.123 0.72 (0.49, 1.07) 0.101

Age >30 1416 (72.84%) 0.61 (0.45, 0.82) 0.001 0.68 (0.50, 0.92) 0.013

Job category LP 608 (31.28%) 1

Nurse 1336 (68.72%) 1.67 (1.30, 2.13) <0.001 1.26 (1.10, 1.44) 0.001

TSH (𝜇IU/mL) within normal
range (0.56-5.91)

1809 (93.06%) 1.0

subpar to normal
range (≤0.56)

54 (2.78%) 0.63 (0.33, 1.19) 0.154

superior to nor-
mal range (≥5.91)

81 (4.17%) 1.27 (0.66, 2.43) 0.469

FT3 (pg/mL) within normal
range (2.30-4.80)

1913 (98.41%) 1.0

superior to nor-
mal range (≥4.80)

31 (1.59%) 1.04 (0.40, 2.74) 0.929

FT4 (ng/dL) within normal
range (0.59-1.25)

1897 (97.58%) 1

subpar to normal
range (≤0.59)

32 (1.65%) 0.71 (0.30, 1.66) 0.430

superior to nor-
mal range (≥1.25)

15 (0.77%) 0.80 (0.22, 2.84) 0.726

BMI (kg/m2) 18-24 1210 (62.24%) 1

<18 71 (3.65%) 1.97 (0.84, 4.61) 0.119 1.62 (0.68, 3.83) 0.276

>24 663 (34.10%) 0.72 (0.57, 0.93) 0.010 0.84 (0.64, 1.10) 0.213

Hypertension 495 (25.46%) 0.82 (0.63, 1.07) 0.153

LDL-C (mmol/L) within normal
range (<3.37)

1531 (78.76%) 1

superior to nor-
mal range (≥3.37)

413 (21.24%) 0.76 (0.58, 1.01) 0.055 1.10 (0.68, 1.77) 0.705

HDL-C (mmol/L) within normal
range (1.03-1.55)

1249 (64.25%) 1

subpar to normal
range (≤1.03)

164 (8.44%) 1.14 (0.72, 1.78) 0.578

Continued on next page
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Table 3 continued
superior to nor-
mal range (≥1.55)

531 (27.31%) 1.03 (0.78, 1.35) 0.836

UA (𝜇mol/L) within normal
range (208-428)

1551 (79.78%) 1

subpar to normal
range (≤208)

304 (15.64%) 1.53 (1.05, 2.22) 0.026 1.51 (1.03, 2.22) 0.034

superior to nor-
mal range (≥428)

89 (4.58%) 0.53 (0.32, 0.85) 0.009 0.57 (0.33, 0.99) 0.048

CHO (mmol/L) within normal
range (3.25-5.2)

1484 (76.34%) 1

subpar to normal
range (≤3.25)

66 (3.40%) 0.68 (0.37, 1.26) 0.221 0.61 (0.33, 1.13) 0.115

superior to nor-
mal range (≥5.2)

394 (20.27%) 0.72 (0.55, 0.96) 0.025 0.80 (0.50, 1.28) 0.354

TG (mmol/L) within normal
range (≤1.7)

1680 (86.42%) 1

superior to nor-
mal range (1.7)

264 (13.58%) 1.07 (0.75, 1.53) 0.705

Glc (mmol/L) within normal
range (3.9-6-1)

1875 (96.45%) 1

subpar to normal
range (≤3.9)

28 (1.44%) 1.19 (0.41, 3.46) 0.745

superior to nor-
mal range (≥6.1)

41 (2.11%) 0.62 (0.30, 1.27) 0.190

Surgical relevant
work

903 (46.45%) 1.16 (0.91, 1.48) 0.225

Radiation expo-
sure

166 (8.54%) 0.79 (0.53, 1.18) 0.255

LP: Licensed physicians; 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; OR: odds ratio; CI: confidence interval.

https://jnutres.com/ 105

https://jnutres.com/


Wu et al. / Journal of Nutrition Research 2024;12(2):98–109

Table 4. IPTW data set for all health professionals
LP (n =
1900.24)

Nurse (n =
1948.66)

P -
value

SMD

Sex
(male)

324.98
(17.10)

319.57
(16.40)

0.750 0.019

Age mean ±
sd

34.74
(5.60)

34.24
(6.43)

0.152 0.083

BMI
(kg/m2)

mean ±
sd

23.16
(3.29)

22.95
(3.22)

0.249 0.065

Hypertension 466.31
(24.54)

471.14
(24.18)

0.888 0.008

Surgical
relevant
work

895.00
(47.10)

889.57
(45.65)

0.642 0.029

Radiation
exposure

176.76
(9.30)

195.60
(10.04)

0.691 0.025

TSH
(𝜇IU/mL)

median
(q1-q3)

2.32
(1.64,
3.19)

2.34 (1.60,
3.28)

0.745 0.083

FT3
(pg/mL)

mean ±
sd

3.69
(0.40)

3.70 (0.46) 0.673 0.025

FT4
(ng/dL)

mean ±
sd

0.86
(0.12)

0.86 (0.15) 0.96 0.003

LDL-C
(mmol/L)

mean ±
sd

2.90
(0.61)

2.88 (0.66) 0.533 0.038

HDL-C
(mmol/L)

mean ±
sd

1.40
(0.29)

1.40 (0.29) 0.983 0.001

UA
(𝜇mol/L)

median
(q1-q3)

262.81
(217.35,
315.45)

265.31
(226.40,
313.96)

0.424 0.009

CHO
(mmol/L)

mean ±
sd

4.58
(0.79)

4.55 (0.85) 0.567 0.035

TG
(mmol/L)

median
(q1-q3)

0.87
(0.68,
1.26)

0.85 (0.64,
1.25)

0.265 0.025

Glc
(mmol/L)

mean ±
sd

4.84
(0.69)

4.84 (0.68) 0.934 0.005

LP: Licensed physicians; TSH: thyroid stimulating hormone; FT3: free thy-
roxine 3; FT4: free thyroxine 4; LDL-C: low-density lipoprotein cholesterol,
HDL-C: high-density lipoprotein cholesterol; UA, uric acid; CHO: choles-
terol; TG: triacylglycerol; Glc: glucose; OR: odds ratio; CI: confidence inter-
val; IPTW, Inverse probability of treatment weighting; SMD: standard mean
difference.

Table 5. Vitamin D deficiency for IPTW data set
LP
(n=1900.24)

Nurse
(n=1948.66)

P-value

Vitamin D
deficiency

n
(%)

1482.53
(78.02)

1625.36
(83.41)

0.032

IPTW: Inverse probability of treatment weighting; LP: Licensed physicians

4 Discussion
Despite the widespread prevalence of vitamin D deficiency,
certain groups such as healthcare professionals face a higher
risk. In this study, factors related to vitamin D deficiency
among them in a tertiary hospital were significantly associ-
ated with age, job type, and UA levels.

This study indicates that age is a factor associated with
vitamin D deficiency in healthcare professionals. Individuals
over 30 years old are less likely to develop this condition.
A study conducted in the United States shows older age
is a protective factor for vitamin D deficiency (21). A study
in South Korea shows that nurses in their 30s have higher
vitaminD levels compared to nurses in their 20s (18).Thismay
be because young people prefer ordering food delivery (22).
Such as quick and convenient food choices, these foods lack
natural sources of vitamin D such as fatty fish, egg yolks, and
fortified dairy products (23).Therefore, an unbalanced diet can
significantly reduce the efficiency of vitamin D absorption,
leading to lower vitamin D levels in the body (24).

This study shows that the prevalence of vitamin deviancy
is higher among nurses than that of LPs. An important
factor is significantly related to the work environment and
nature of their jobs. Although both participate in shift
work, nurses’ rotating shifts are more common (25). Nurses’
work content is usually more intensive and varied, including
24-hour continuous bedside care, medication management,
and emotional support for patients. In contrast, licensed
physicians focus more on diagnosis and treatment and do not
engage in 24-hour direct care, resulting in a lower frequency
of shift work (26). A study in Korea exploring environmental
and occupational factors associatedwith vitaminDdeficiency
found that shift work was significantly related to vitamin D
deficiency (27). A systematic review by Luca Coppeta et al. also
mentioned that shift workers have consistently been reported
as the occupational group most likely to be deficient in
vitamin D3 (28). Shift work including early mornings, partial
nights, or overnight shifts, thus it can lead to significantly
reduced outdoor activities and daytime sunlight exposure,
affecting vitamin D synthesis (29). Furthermore, the night
shift conditions for licensed physicians differ from those for
nurses. Licensed physicians on night duty in the wards can
sleep, whereas nurses on duty cannot, resulting in different
sleep conditions. Research shows that lack of sleep and
disruption of circadian rhythms affect the secretion of various
hormones in the body, including those that influence vitamin
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D metabolism (30).
Based on our published study, nurses often experience

shorter sleeping hours and longer working hours per day
compared to LPs (31). Nurses not onlywork long hours but also
handle a large number of direct patient care tasks that demand
high physical and mental investment (32). Studies have shown
that high stress and long working hours can lead to irregular
eating, further reducing vitaminD intake and can easily result
in a suboptimal health status (33,34).

This presented study also found that lower-than-normal
UA levels were associated with an increased risk of vita-
min D deficiency. Vitamin D is transported in the blood
(bound to vitamin D-binding protein) to the liver, where
it is hydroxylated to 25-hydroxyvitamin D (25-(OH)D),
which is further converted to 1𝛼,25-dihydroxyvitamin
D (1𝛼,25-(OH)2D) (35). High uric acid inhibits 1 alpha-
hydroxylase, leading to a decrease in 1,25-dihydroxyvitamin
D (1,25(OH)2D), which in turn causes a relative increase in
25-(OH) D concentration (36–38). Another possible reason is
UA is a potent antioxidant, and higher UA levels can reduce
oxidative stress, thereby reducing the consumption of vita-
min D (39). High uric acid levels are generally associated with
the consumption of seafood and meat, which are also sources
of dietary vitamin D (40,41).

In this cross-sectional study, we compared the vitamin D
status of healthcare professionals during the same physical
examination period, and it was indeed found that there is a
high prevalence of vitamin D deficiency. Meanwhile, nurses
are more likely to experience vitamin D deficiency due to
various factors related to their work environment, job nature,
and lifestyle. To improve the health status of nurses, it is
recommended to adopt multi-level intervention measures,
such as increasing sunlight exposure, improving the work
environment, providing psychological support, enhancing
health education, and conducting regular health check-ups.
It is also recommended to strengthen monitoring of vitamin
Ddeficiency and use reasonable supplementationmeasures to
increase their vitaminD levels.This not only helps to improve
the health of nurses but also enhances the overall quality of
healthcare services.

Our study has several limitations. First, we do not know
the frequency of night shifts for each individual before the

physical examination, nor do we know their rest conditions
during the night shifts. Additionally, we are not aware of each
person’s specific dietary habits or whether they took vitamin
supplements before the examination. Hope further studies
can be implemented to answer such questions.

5 Conclusion
Healthcare professionals generally lack vitamin D, and nurses
are more deficient than licensed physicians.

Acknowledgment

We extend our gratitude to Cuiqin Liu and Jingfang He
from Bothwin Clinical Study Consultants for their valuable
assistance and dedication to data analysis.

Sources of Support

• Yunnan Science and Technology Leading Talents
Project, Young and Middle-aged Academic and
Technical Leaders Reserve Talents Project (No.
202405AC350046 to X.L.)

• Technology Innovation Team of Kunming Medical
University (No. CXTD202104 to X.L.)

• Yunnan Clinical Research Center for Neurological
Diseases (No. ZX20190305 to X.L.)

• Shanxi Provincial Science and Technology Department
Basic Research Program Project (No.202203021212093
to R.D.)

• Research Start-up Fund Project for Talent Introduction
at Shanxi Bethune Hospital (No. 2021RC031 to R.D.)

Author Contributions

Y.W. contributed to the conceptualization and writing orig-
inal draft. D.Z. handled data curation and writing. P.W.
was involved in data curation and investigation. J.Z. focused
on formal analysis and methodology. X.L. contributed to
funding acquisition and methodology. R.D. was responsible
for funding acquisition, resources, and validation. G.D. was
involved in data curation and investigation. F.G. was respon-
sible for the conceptualization, project administration, and
supervision. All authors reviewed and edited this manuscript.

https://jnutres.com/ 107

https://jnutres.com/


Wu et al. / Journal of Nutrition Research 2024;12(2):98–109

References
1) Sarafin K, Durazo-Arvizu R, Tian L, Phinney KW, Tai S, Camara

JE. Standardizing 25-hydroxyvitamin d values from the canadian
health measures survey. American Journal of Clinical Nutrition.
2015;102(5):1044–1050. Available from: https://doi.org/10.3945/ajcn.
114.103689.

2) CashmanKD,Dowling KG, Škrabáková Z, Gonzalez-GrossM, Valtueña
J, De Henauw S, et al. Vitamin d deficiency in europe: Pandemic? Amer-
ican Journal of Clinical Nutrition. 2016;103(4):1033–1044. Available
from: https://doi.org/10.3945/ajcn.115.120873.

3) Schleicher RL, Sternberg MR, Looker AC, Yetley EA, Lacher DA,
Sempos CT, et al. National estimates of serum total 25-hydroxyvitamin
d and metabolite concentrations measured by liquid chromatography-
tandem mass spectrometry in the us population during 2007-2010.
Journal of Nutrition. 2016;146(5):1051–1061. Available from: https:
//doi.org/10.3945/jn.115.227728.

4) Nield L, Bowles SD. Assessment, treatment and prevention of vitamin
d deficiency. Nursing Standard. 2023;38(8):70–77. Available from:
https://doi.org/10.7748/ns.2023.e12136.

5) Sizar O, Khare S, Goyal A, Givler A. Vitamin d deficiency. Treasure
Island (FL). StatPearls Publishing LLC. 2024. Available from: https:
//pubmed.ncbi.nlm.nih.gov/30335299/.

6) Amrein K, Scherkl M, Hoffmann M, Neuwersch-Sommeregger S,
Köstenberger M, Berisha AT, et al. Vitamin d deficiency 2.0: An update
on the current status worldwide. European Journal of Clinical Nutrition.
2020;74:1498–1513. Available from: https://doi.org/10.1038/s41430-
020-0558-y.

7) Zgliczyński WS, Rostkowska OM, Sarecka-Hujar B. Vitamin d
knowledge, attitudes and practices of polish medical doctors. Nutrients.
2021;13(7):1–14. Available from: https://doi.org/10.3390/nu13072443.

8) Cashman KD. Vitamin d deficiency: Defining, prevalence, causes, and
strategies of addressing. Calcified Tissue International. 2020;106(1):14–
29. Available from: https://doi.org/10.1007/s00223-019-00559-4.

9) Abboud M. Vitamin d supplementation and sleep: A systematic review
and meta-analysis of intervention studies. Nutrients. 2022;14(5):1–22.
Available from: https://doi.org/10.3390/nu14051076.

10) Prono F, Bernardi K, Ferri R, Bruni O. The role of vitamin d in sleep
disorders of children and adolescents: A systematic review. International
Journal of Molecular Sciences. 2022;23(3):1–18. Available from: https:
//doi.org/10.3390/ijms23031430.

11) Fields JB, Payne DC, Gallo S, Busteed DR, Jones MT. Vitamin d
status differs by sex, sport-season, and skin pigmentation among elite
collegiate basketball players. Sports (Basel). 2019;7(11):1–9. Available
from: https://doi.org/10.3390/sports7110239.

12) Balachandar R, Pullakhandam R, Kulkarni B, Sachdev HS. Relative
efficacy of vitamin d(2) and vitamin d(3) in improving vitamin d status:
Systematic review and meta-analysis. Nutrients. 2021;13(10):1–26.
Available from: https://doi.org/10.3390/nu13103328.

13) Sowah D, Fan X, Dennett L, Hagtvedt R, Straube S. Vitamin d levels
and deficiency with different occupations: A systematic review. BMC
Public Health. 2017;17(1):1–25. Available from: https://doi.org/10.1186/
s12889-017-4436-z.

14) Beloyartseva M, Mithal A, Kaur P, Kalra S, Baruah MP, Mukhopadhyay
S, et al. Widespread vitamin D deficiency among Indian health care
professionals. Archives of Osteoporosis. 2012;7:187–192. Available from:
https://doi.org/10.1007/s11657-012-0096-x.

15) Bishnoi S, Gombar S, Ahuja V, Bhardwaj N, Kaur J. Vitamin D levels
of anesthesiologists working in tertiary care hospital of South Asian
country: An observational study. Journal of Anaesthesiology Clinical
Pharmacology. 2021;37(2):237–242. Available from: https://doi.org/10.
4103/joacp.joacp_310_19.

16) Dogruel F, Gonen ZB, Canpolat DG, Ocak H, Bayram F. Investigation
of Vitamin D levels in medical staff in a dental clinic. Nigerian Journal
of Clinical Practice. 2019;22(4):573–577. Available from: https://doi.org/
10.4103/njcp.njcp_523_18.

17) Munter G, Levi-Vineberg T, Sylvetsky N. Vitamin d deficiency among
physicians: A comparison between hospitalists and community-based
physicians. Osteoporosis International. 2015;26(6):1673–1676. Available
from: https://doi.org/10.1007/s00198-015-3028-y.

18) Pang Y, Kim O, Choi JA, Jung H, Kim J, Lee H, et al. Vitamin d
deficiency and associated factors in south korean childbearing women:
A cross-sectional study. BMC Nursing. 2021;20(1):1–8. Available from:
https://doi.org/10.1186/s12912-021-00737-6.

19) Gao F, ZhangX,WangX, Zhang J,Wang F, ZhouY, et al. High prevalence
and risk factors associated with vitamin d deficiency among chinese
hospital staff: A cross-sectional study. International Journal of General
Medicine. 2024;17:1833–1843. Available from: https://doi.org/10.2147/
ijgm.s453473.

20) Pludowski P, Takacs I, Boyanov M, Belaya Z, Diaconu CC, Mokhort
T, et al. Clinical Practice in the Prevention, Diagnosis and Treatment
of Vitamin D Deficiency: A Central and Eastern European Expert
Consensus Statement. Nutrients. 2022;14(7):1–18. Available from:
https://dx.doi.org/10.3390/nu14071483.

21) Mo H, Zhang J, Huo C, Zhang M, Xiao J, Peng J, et al. The association of
vitamin D deficiency, age and depression in US adults: a cross-sectional
analysis. BMC Psychiatry. 2023;23(1):534. Available from: https://dx.
doi.org/10.1186/s12888-023-04685-0.

22) Dai X,Wu L, HuW. Nutritional quality and consumer health perception
of online delivery food in the context of china. BMC Public Health.
2022;22:1–12. Available from: https://doi.org/10.1186/s12889-022-
14593-9.

23) Touvier M, da Costa Louzada ML, Mozaffarian D, Baker P, Juul F,
Srour B. Ultra-processed foods and cardiometabolic health: public
health policies to reduce consumption cannot wait. BMJ. 2023;383:1–
8. Available from: https://dx.doi.org/10.1136/bmj-2023-075294.

24) Zhang R, Naughton DP. Vitamin D in health and disease: Current
perspectives. Nutrition Journal. 2010;9(1):1–13. Available from: https:
//dx.doi.org/10.1186/1475-2891-9-65.

25) Martelli M, Salvio G, Santarelli L, Bracci M. Shift Work and Serum Vi-
tamin D Levels: A Systematic Review and Meta-Analysis. International
Journal of Environmental Research and Public Health. 2022;19(15):1–15.
Available from: https://dx.doi.org/10.3390/ijerph19158919.

26) JadoonAK, Sohail F, Jadoon SK, JadoonA. VitaminD deficiency among
doctors and staff nurses: A neglected domain amongmedical care givers.
Pakistan Journal of Public Health. 2020;9(4):190–192. Available from:
https://dx.doi.org/10.32413/pjph.v9i4.457.

27) Park HY, Lim YH, Park JB, Rhie J, Lee SJ. Environmental and
Occupation Factors Associated with Vitamin D Deficiency in Korean
Adults: The Korea National Health and Nutrition Examination Survey
(KNHANES) 2010-2014. International Journal of Environmental
Research and Public Health. 2020;17(24):1–11. Available from: https:
//doi.org/10.3390/ijerph17249166.

28) Coppeta L, Papa F, Magrini A. Are shiftwork and indoor work related to
d3 vitamin deficiency? A systematic review of current evidences. Journal
of Environmental and Public Health. 2018;2018:1–7. Available from:
https://doi.org/10.1155/2018/8468742.

29) Gehlert S, Clanton M. Shift Work and Breast Cancer. International
Journal of Environmental Research and Public Health. 2020;17(24):1–8.
Available from: https://doi.org/10.3390/ijerph17249544.

30) Romano F, Muscogiuri G, Benedetto ED, Zhukouskaya VV, Barrea L,
Savastano S, et al. Vitamin D and Sleep Regulation: Is there a Role
for VitaminD? Current Pharmaceutical Design. 2020;26(21):2492–2496.
Available from: https://doi.org/10.2174/1381612826666200310145935.

31) Mei Q, Li W, Feng H, Zhang J, Li J, Yin J, et al. Chinese hospital staff
in anxiety and depression: Not only comfort patients but also should be
comforted - A nationwide cross-sectional study. Journal of Affective
Disorders. 2024;360:126–136. Available from: https://doi.org/10.1016/j.
jad.2024.05.143.

32) Maghsoud F, Rezaei M, Asgarian FS, Rassouli M. Workload and quality
of nursing care: The mediating role of implicit rationing of nursing care,
job satisfaction and emotional exhaustion by using structural equations
modeling approach. BMC Nursing. 2022;21:1–10. Available from:
https://doi.org/10.1186/s12912-022-01055-1.

https://jnutres.com/ 108

https://doi.org/10.3945/ajcn.114.103689
https://doi.org/10.3945/ajcn.114.103689
https://doi.org/10.3945/ajcn.115.120873
https://doi.org/10.3945/jn.115.227728
https://doi.org/10.3945/jn.115.227728
https://doi.org/10.7748/ns.2023.e12136
https://pubmed.ncbi.nlm.nih.gov/30335299/
https://pubmed.ncbi.nlm.nih.gov/30335299/
https://doi.org/10.1038/s41430-020-0558-y
https://doi.org/10.1038/s41430-020-0558-y
https://doi.org/10.3390/nu13072443
https://doi.org/10.1007/s00223-019-00559-4
https://doi.org/10.3390/nu14051076
https://doi.org/10.3390/ijms23031430
https://doi.org/10.3390/ijms23031430
https://doi.org/10.3390/sports7110239
https://doi.org/10.3390/nu13103328
https://doi.org/10.1186/s12889-017-4436-z
https://doi.org/10.1186/s12889-017-4436-z
https://doi.org/10.1007/s11657-012-0096-x
https://doi.org/10.4103/joacp.joacp_310_19
https://doi.org/10.4103/joacp.joacp_310_19
https://doi.org/10.4103/njcp.njcp_523_18
https://doi.org/10.4103/njcp.njcp_523_18
https://doi.org/10.1007/s00198-015-3028-y
https://doi.org/10.1186/s12912-021-00737-6
https://doi.org/10.2147/ijgm.s453473
https://doi.org/10.2147/ijgm.s453473
https://dx.doi.org/10.3390/nu14071483
https://dx.doi.org/10.1186/s12888-023-04685-0
https://dx.doi.org/10.1186/s12888-023-04685-0
https://doi.org/10.1186/s12889-022-14593-9
https://doi.org/10.1186/s12889-022-14593-9
https://dx.doi.org/10.1136/bmj-2023-075294
https://dx.doi.org/10.1186/1475-2891-9-65
https://dx.doi.org/10.1186/1475-2891-9-65
https://dx.doi.org/10.3390/ijerph19158919
https://dx.doi.org/10.32413/pjph.v9i4.457
https://doi.org/10.3390/ijerph17249166
https://doi.org/10.3390/ijerph17249166
https://doi.org/10.1155/2018/8468742
https://doi.org/10.3390/ijerph17249544
https://doi.org/10.2174/1381612826666200310145935
https://doi.org/10.1016/j.jad.2024.05.143
https://doi.org/10.1016/j.jad.2024.05.143
https://doi.org/10.1186/s12912-022-01055-1
https://jnutres.com/


Wu et al. / Journal of Nutrition Research 2024;12(2):98–109

33) Siddiqee MH, Bhattacharjee B, Hasan M, Shojon M, Hassan M, Rouf
RR, et al. Risk perception of sun exposure and knowledge of vitamin D
among the healthcare providers in a high-risk country: a cross-sectional
study. BMC Medical Education. 2023;23:1–12. Available from: https:
//doi.org/10.1186/s12909-023-04001-0.

34) Chen M, Xu X, Liu Y, Yao Y, Zhang P, Liu J, et al. Association of eating
habits with health perception and diseases among Chinese physicians:
a cross-sectional study. Frontiers in Nutrition. 2023;10:1–10. Available
from: https://doi.org/10.3389/fnut.2023.1226672.

35) Mendoza V, Villanueva MT, Vargas G, González B, Halabe J, Simón J,
et al. Vitamin d deficiency among medical residents and its relationship
withmetabolic indices. Endocrine Practice. 2013;19(1):59–63. Available
from: https://doi.org/10.4158/ep12185.or.

36) Andrews ES, Perrenoud L, Nowak KL, You Z, Pasch A, Chonchol M,
et al. Examining the effects of uric acid-lowering on markers vascular
of calcification and CKD-MBD; A post-hoc analysis of a randomized
clinical trial. PLoS One. 2018;13(10):1–12. Available from: https://doi.
org/10.1371/journal.pone.0205831.

37) Vanholder R, Patel S, Hsu CH. Effect of uric acid on plasma levels
of 1,25(OH)2D in renal failure. Journal of the American Society of
Nephrology. 1993;4(4):1035–1038. Available from: https://doi.org/10.
1681/asn.v441035.

38) Copur S, Demiray A, KanbayM. Uric acid inmetabolic syndrome: Does
uric acid have a definitive role? Eur J Intern Med. 2022;103:4–12.

39) Thakkinstian A, Anothaisintawee T, Chailurkit L, Ratanachaiwong W,
Yamwong S, Sritara P, et al. Potential causal associations between
vitamin D and uric acid: Bidirectional mediation analysis. Scientific
reports . 2015;5:1–8. Available from: https://doi.org/10.1038/srep14528.

40) Lauritzen L. A spotlight on seafood for global human nutrition. Nature.
2021;598:260–262. Available from: https://www.nature.com/articles/
d41586-021-02436-3.

41) Zhou M, Huang X, Li R, Zhang Z, Zhang L, Gao X, et al. Association of
dietary patterns with blood uric acid concentration and hyperuricemia
in northern Chinese adults. Nutrition Journal. 2022;21(1):1–10.
Available from: https://dx.doi.org/10.1186/s12937-022-00789-7.

https://jnutres.com/ 109

https://doi.org/10.1186/s12909-023-04001-0
https://doi.org/10.1186/s12909-023-04001-0
https://doi.org/10.3389/fnut.2023.1226672
https://doi.org/10.4158/ep12185.or
https://doi.org/10.1371/journal.pone.0205831
https://doi.org/10.1371/journal.pone.0205831
https://doi.org/10.1681/asn.v441035
https://doi.org/10.1681/asn.v441035
https://doi.org/10.1038/srep14528
https://www.nature.com/articles/d41586-021-02436-3
https://www.nature.com/articles/d41586-021-02436-3
https://dx.doi.org/10.1186/s12937-022-00789-7
https://jnutres.com/

