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Background and Objectives: This analytical cross-sectional study investigated the prevalence of vitamin D de-
ficiency and its association with metabolic risk factors in the adult population of Gansu Province, China. Meth-
ods and Study Design: In total, 11,157 healthy participants (4,740 men and 6,417 women) were enrolled. A 
questionnaire was used to assess general characteristics and personal habits. We detected 25-hydroxyvitamin D 
and associated metabolic parameters through electrochemiluminescence immunoassays. Results: The prevalence 
of severe deficiency (<10 ng/mL), deficiency (10-20 ng/mL), insufficiency (20–30 ng/mL), and sufficiency (≥30 
ng/mL) among the participants was 17.3%, 64.6%, 11.8%, and 6.3%, respectively. Vitamin D deficiency was 
more prevalent in women than in men (82.5% vs 81.1%, p<0.001). The significant predictors of vitamin D defi-
ciency included younger age and female sex (p<0.05), whereas sun exposure, physical activity, and calcium (Ca) 
supplementation were associated with less vitamin D deficiency (p<0.05). Serum 25(OH)D3 was inversely asso-
ciated with parathyroid hormone (r=−0.279, p<0.001) and positively associated with serum Ca (r=0.239, 
p<0.001), serum P (r=0.090, p=0.018), LDL cholesterol (r=0.100, p=0.008), and BMI (r=0.093, p=0.014). No 
significant association was observed between serum 25(OH)D3 and metabolic disorders. Conclusions: Vitamin 
D deficiency is highly prevalent among the adult population of Gansu Province, northwest China, especially 
young physically inactive and overweight women with limited sunlight exposure, whose biomarkers put them at 
greater risk of osteoporosis and cardiovascular disease. 
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INTRODUCTION 
Vitamin D is a vital endogenous secosteroid hormone, 
and its major source is cutaneous synthesis from 7-
dehydrocholesterol following solar ultraviolet-B radiation 
exposure. Traditionally, the active form of vitamin D, 
1,25(OH)2D, regulates mineral and bone metabolism by 
balancing calcium (Ca) and phosphorus (P) levels. Recent 
studies have implicated low serum 25(OH)D3 in the cau-
sation of nonskeletal chronic diseases such as diabetes, 
cardiovascular diseases, autoimmune diseases, and meta-
bolic syndrome.1,2 It is perhaps surprising, given its per-
ceived essential role to public health, to find that hypovit-
aminosis D is highly prevalent worldwide (30%–50%). 
Approximately one billion people were estimated to have 
vitamin D deficiency.3-6  

More than 90% of vitamin D is derived from the cuta-
neous production, and other factors believed to be related 
to the lack of sunlight exposure, such as the season, lati-
tude, skin pigmentation, and clothing, can also affect the 
vitamin D status.5,7 However, some studies have reported 
a considerable increase in vitamin D deficiency, even in 
some countries with plentiful sunshine, such as Saudi 
Arabia,8 India,9 and Iran,10 and countries located in north-
ern latitudes, such as the United Kingdom11 and Nor-
way.12 China, with the highest population in the world  

 
 
and various living habits, is encountering a growing vita-
min D deficiency pandemic. Cross-sectional studies have 
reported that the prevalence of vitamin D deficiency is 
69.2% in Shanghai and Beijing13 and 75.2% in Lan-
zhou.14 However, few studies have examined the current 
vitamin D status in the Gansu Province, northwest China. 

Gansu is a developing province with a population of 3 
million and is located at a latitude of 32°31’–42°57’ N, 
longitude of 92°13’–108°46’ E, and altitude of 1000–
1500 m in the northwest of the People's Republic of Chi-
na. This mid-latitude area has a continental monsoon cli-
mate, with an average annual temperature of 0–16 °C. 
Determination of the vitamin D status in Gansu Province 
is necessary and has profound implications for public 
health. Therefore, this study investigated the vitamin D 
status and the potential determinants of low serum  
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25(OH)D3 and their relationship with metabolic risk fac-
tors in the adult population of Gansu Province, China. 
 
METHODS 
Participants 
This study used data from a cross-sectional study that 
examined the vitamin D status of residents of Gansu 
Province. From June 2014 to December 2015, 11,300 
adults voluntarily participated in the survey. Participants 
were arbitrarily chosen from seven representative geo-
graphical cities in Gansu Province through stratified, mul-
tistage probability population sampling. The smallest in-
vestigation unit was a natural village in rural areas and a 
city community in urban areas. Only people who had 
been living in their current residence for at least 5 years 
were eligible to participate.  

In this study, free-living residents of Gansu Province 
who were aged ≥18 years and had not received sex hor-
mones, steroid hormones, parathyroid hormones (PTHs), 
calcitonins, and bisphosphonates in the last 6 months 
were enrolled. Pregnant or lactating women; patients with 
chronic illnesses; those who had undergone enterectomy, 
gastrointestinal fistulation, subtotal gastrectomy, and liver 
and kidney transplantation; those with abnormal liver and 
renal function; and those using medicines known for af-
fecting bone metabolism were excluded.  

 
Questionnaire 
Information regarding demographic factors, namely name, 
region, age, sex, and education (primary school, junior 
high school, senior high school, or college), and the men-
opausal status of women (a woman who reported that her 
menses had ceased for 1 year or more was considered 
postmenopausal) was included in the questionnaire. 

Information regarding participants’ history of diseases 
including cancer; autoimmune disease; cardiovascular 
disease; hypertension; dyslipidemia; diabetes mellitus; 
and bone, renal, and gastrointestinal disorders was ob-
tained. 

Information regarding the following behavioral factors 
was collected: smoking behavior (never or current), alco-
hol consumption (never or current), amount of physical 
activity performed recently (physical activity was defined 
as moderate strenuous effort for at least half an hour, e.g., 
walking, cycling, or gardening, and dichotomized into 2 
or less days per week vs 3 or more days per week), sup-
plemental Ca (yes or no), and exposure to sunlight (≤30 
min/d or >30 min/d). Participants' duration of sun expo-
sure sufficient to induce cutaneous vitamin D synthesis 
was evaluated. In addition, the duration of sun exposure 
or outdoor activity between 10:00 AM and 3:00 PM was 
examined. Participants’ use of a sun protection factor 
(SPF) product or a veil while being outside was also 
evaluated, and the time spent outdoors when using SPF 
products or a veil was accounted for (i.e., excluded) while 
calculating the total duration of sun exposure. All self-
reported information in the questionnaire was document-
ed by the same staff group, who were trained in the meth-
ods used. 

 
Anthropometric and biochemical assessments 
To calculate the BMI, height was recorded without shoes, 

and weight was measured wearing light clothing (weight 
in kilograms divided by height in meter squared). The 
waist and hip circumferences were measured to calculate 
the waist-to-hip ratio (WHR). Systolic and diastolic blood 
pressure were measured by trained nurses using a mercu-
ry sphygmomanometer on the right arm of participants 
after 5-min rest in a comfortable siting position.  

Blood samples were drawn from all participants after 
overnight fasting for measuring the serum 25(OH)D3 as 
well as other biochemical parameters including bone 
turnover markers (serum Ca, P, PTH, osteocalcin, and β-
CTx) and other metabolic parameters related to metabolic 
diseases (total cholesterol, triglyceride, HDL cholesterol, 
LDL cholesterol, and glucose). The total serum 
25(OH)D3 was assayed through a chemiluminescence 
particle immunoassay (Abbott Laboratories, Barcelona, 
Spain). All these measurements were enzymatically 
measured using an AU5400 automatic analyzer (Olympus, 
Beckman Coulter, USA). 

The areal bone mineral density (BMD; g/cm2) was 
measured at the forearms through dual-energy X-ray ab-
sorptiometry (Osteometer MediTech, Hawthorne, CA, 
USA). 

 
Serum 25(OH)D3 thresholds 
The serum 25(OH)D3 was categorized into four ordinal 
categories according to the commonly accepted cutoff: 
severe 25(OH)D3 deficiency (<10 ng/mL), deficiency 
(10–20 ng/mL), insufficiency (20–30 ng/mL), and suffi-
ciency (30–150 ng/mL). A serum 25(OH)D3 level of 
>150 ng/mL was considered vitamin D intoxication.3,15  

 
Statistical analyses 
The statistical software SPSS, version 19.0 (IBM Corp, 
Armonk, New York), was used for statistical analyses. 
Continuous variables are expressed as the mean (standard 
deviation [SD]), whereas skewed variables are presented 
as the median (interquartile range) and categorical varia-
bles as frequencies. For continuous variables, the rank 
sum test and t test were used for comparing independent 
samples, and one-way ANOVA was used for comparing 
different group characteristics. Comparative analyses of 
categorical variables were performed using the chi-square 
test. To assess the determinants of vitamin D deficiency, 
variables derived from the questionnaire were separately 
included in a logistic regression model. Pearson’s correla-
tions were used to assess the association between varia-
bles. p<0.05 was considered statistically significant. 

 
Ethical approval and informed consent 
Ethical approval was obtained from the Gansu Provincial 
Hospital Ethics Committee (ethical approval number: 
2014-050) and all participants signed the informed con-
sent. 
 
RESULTS 
Descriptive characteristics of the study population 
In total, 11,157 adults (4,740 men and 6,471 women) 
were recruited in this study. The characteristics of the 
study participants are listed in Table 1. The average age 
of the participants was 53.6 (10.7) years (range, 18–79 
years). The overall mean serum 25(OH)D3 was 13.8 
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(11.0–17.8) ng/mL (range, 1.1–121.9 ng/mL). 
 
Vitamin D status of study participants 
The prevalence of vitamin D deficiency, stratified by vit-
amin D status, is shown in Table 2, together with the me-
dian (Q25–Q75) serum 25(OH)D3 of subgroups listed in 
Table 1. In total, 1,927 (17.3%), 7,210 (64.6%), 1,312 
(11.8 %), and 708 (6.3%) participants had a serum 
25(OH)D3 level of <10, 10–19.9, 20–29.9, and ≥30 
ng/mL, respectively. 

Women had a significantly lower serum 25(OH)D3 
than did men [13.1 (10.4–17.2) vs 15.0 (12.1–18.5) 
ng/mL; p<0.001]. In addition, the prevalence of vitamin 
D deficiency was higher in women (82.5%) than in men 
(81.1%; p<0.001), especially in postmenopausal women 
[13.7 (10.9–18.3) vs 12.3 (9.9–15.9) ng/mL and 78.5% vs 
87.8 %]. 

The results indicated a strong age dependence with vit-
amin D status; younger adults (18–30 years) generally 
had a higher prevalence of vitamin D deficiency (87.9%) 

than did older adults (60–80 years; 80.3%; p<0.001). The 
total serum 25(OH)D3 was higher in participants who had 
a higher educational level, a higher sunlight exposure 
duration, and a higher physical activity frequency; used 
Ca supplements; and resided in rural areas (p<0.05). The 
vitamin D status was not affected by smoking and drink-
ing (p>0.05).  
 
Association of vitamin D deficiency with metabolic pa-
rameters 
Biochemical parameters and their comparisons of the 
subgroup of the hypovitaminosis status are listed in Table 
3. Compared with the control participants (serum 
25(OH)D3 ≥20 ng/mL), participants with serum 
25(OH)D3 <20 ng/mL had significantly lower Ca, serum 
β-CTx, and PTH levels and BMD (p<0.05). However, no 
significant differences were observed in the metabolism-
associated variables. In all participants, serum 25(OH)D3 
was positively associated with serum Ca (r=0.239, 
p<0.001), serum P (r=0.090, p=0.018), LDL (r=0.100, p 

Table 1. Demographic characteristics of the study population 
 

Characteristics  No. of participants  25(OH)D3 (ng/mL) p n %  Median Q25-Q75 
All 11157 100  13.8 11.0-17.8  Gender      <0.001 

 Men 4740 42.5  15.0 12.1-18.5  
 Women 6417 57.5  13.1 10.4-17.2  
 Premenopause 3690 57.5  13.7 10.9-18.3 <0.001 

 Postmenopause 2727 42.5  12.3  9.9-15.9  Age groups (year)      <0.001 
 18 111 1.0  12.8  9.5-16.6   30 1020 9.1  13.7 10.9-17.2  

 

40 
50 
60 
70 

2833 
3333 
2803 
1057 

25.4 
29.9 
25.1 

9.5 
 

13.0 
14.4 
14.2 
13.5 

10.2-16.9 
11.3-18.3 
11.4-18.5 
10.7-17.7 

 

Region      <0.001 

 Urban area 3916 35.1  11.8  9.3-15.1  
 Rural area 7241 64.9  15.0 12.0-19.9   Educational level (years)       <0.001 
   Primary school 2311 20.7  11.7  9.5-15.1  

  
Junior high school 
Senior high school  
College 

2261 
3888 
2697 

20.3 
34.8 
24.2  

13.5 
14.7 
14.9 

10.7-17.2 
11.9-18.6 
11.8-18.9  

Personal habits       
 Current smoker      0.073 

 yes 2019 18.1  14.8 11.7-18.1  
 no 9138 81.9  13.6 10.8-17.7  
 Alcohol use      0.055 

 yes 2678 24.0  15.2 12.2-18.5  
 no 8479 76.0  13.5 10.7-17.5  
 Sunlight exposure (min/day)     0.027 

 ≤30 9316 83.5  13.8 11.0-17.7  
 >30  1841 16.5  14.3 11.5-18.9   Physical activity (days/week)     <0.001 
 0–2  5322 47.7  13.5 10.6-17.1   ≥3  5835 52.3  14.3 11.5-18.9  
 Use of calcium supplement      <0.001 

 yes  3448 30.9  15.0 11.8-19.9  
 no 7709 69.1  13.4 10.6-17.1  BMI (kg/m2)       0.244 

 <18.5 290 2.6  13.3  9.6-16.8  
 18.5–24.9 6538 58.6  13.6 10.8-17.3  
 25.0–29.9  3749 33.6  14.3 11.2-18.3  
 ≥30 580 5.2   13.8 11.1-18.0   
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=0.008), and BMI (r=0.093, p=0.014) and inversely asso-
ciated with PTH (r=−0.279, p<0.001) (Table 4). 
 
Significant predictors of vitamin D deficiency 
Table 5 lists the demographic, social, and behavioral fac-
tors associated with the risk of vitamin D deficiency in 
the study participants. Multiple logistic regression analy-
sis indicated that younger age (OR=0.971; p=0.035) and 
female sex (OR=2.017; p=0.014) were independent risk 

factors for vitamin D deficiency. Notably, sun exposure 
(OR=0.604; p=0.034), physical activity (OR=0.864; 
p=0.026), and Ca supplementation (OR=0.489; p=0.019) 
prevented vitamin D deficiency. 
 
DISCUSSION 
The results of this study revealed that vitamin D deficien-
cy is highly prevalent among the adult population of Gan-
su Province, northwest China. To the best of our 

Table 2. Prevalence of vitamin D statuses 
 

Characteristics 
25(OH)D3 (ng/mL) 

p <10  10-20  20-30  ≥30 
n %  n %  n %  n % 

All 1927 17.3  7210 64.6  1312 11.8  708 6.3  Gender            <0.001 
 Men 476 10.0  3368 71.1  692 14.6  204 4.3   Women 1451 22.6  3842 59.9  620  9.7  504 7.8  
 Premenopause 668 18.1  2229 60.4  435 11.8  358 9.7  
 Postmenopause 783 28.7  1613 59.1  185  6.8  146 5.4  Age groups(year)            <0.001 

 18  34 30.3  64 57.6  10 9.1  3 3.0  
 30 181 17.7  708 69.4  101 9.9  30 3.0  
 
 
 
 

40 
50 
60 
70 

644 
507 
383 
178 

22.7 
15.2 
13.7 
16.8 

 

1729 
2172 
1866 

671 

61.1 
65.2 
66.6 
63.5 

 

332 
399 
342 
128 

11.7 
12.0 
12.2 
12.1 

 

128 
255 
212 

80 

4.5 
7.6 
7.5 
7.6 

 

Region            <0.001  

 Urban area 1225 31.3  2482 63.4  182  4.6  27 0.7  
 Rural area 702  9.7  4728 65.3  1130 15.6  681 9.4  Educational level (year)            <0.001  

 Primary school 714 30.9  1353 58.6  159 6.8  85 3.7  
   
 

Junior high school  
Senior high school  
College 

443 
477 
293 

19.6 
12.3 
10.9  

1439 
2578 
1840 

63.6 
66.3 
68.2  

257 
531 
365 

11.4 
13.7 
13.6  

122 
302 
199 

5.4 
7.7 
7.3  

BMI (kg/m2)            0.828 

 <18.5 51 17.6  169 58.3  45  16.6  22 7.5  
 18.50–24.99 1190 18.2  4178 63.9  745 11.4  425 6.5  
 25.00–29.99 570 15.2  2478 66.1  484 12.9  217 5.8  
 ≥30 116 20.0   385 66.4   35  6.0   44 7.6   
 
                                                                                                                                                                                                                          
Table 3. Metabolic parameters according to the serum 25(OH)D3 level 
 

Characteristics Total   25(OH)D3 (ng/mL) 
p  <20  ≥20 

Mean SD   Mean SD  Mean SD 
Age (years) 53.6 10.7 53.4 10.7 56.6 10.6 0.035 
CA (mmol/L)   2.4  0.2  2.4  0.2 2.6  0.2 <0.001 
P (mmol/L)  1.1  0.3  1.1  0.3 1.2  0.2 0.034 
PTH (pg/mL)  78.1 32.2 79.4  32.6 61.5 21.0 <0.001 
OSTEOC (ng/mL) 19.1  7.9 19.0  7.9 20.3  8.1 0.277 
β-CTx (ng/mL)   0.4  0.6  0.4  0.6 0.6  1.3 0.029 
SBP (mmHg) 131.7 22.4 131.8  22.5 129.8 21.9 0.520 
DBP (mmHg) 83.4 13.5 83.4 13.5  83.6 13.2 0.902 
CHOL (mmol/L)   4.9  2.0  4.9  2.1 5.1  1.2 0.594 
TG (mmol/L)   1.8  1.2  1.8  1.2 1.9  1.2 0.730 
LDL (mmol/L)  3.2  0.9  3.2  0.9 3.3  1.1 0.468 
HDL (mmol/L)   1.5  0.4  1.5  0.4 1.5  0.5 0.307 
FBG (mmol/L)   5.7  1.9  5.7    1.9  5.4  1.1 0.379 
WHR  0.9  0.1  0.9   0.1 0.9  0.1 0.482 
BMI (kg/m2) 24.2  3.5 24.2  3.4 24.7  3.6 0.238 
BMD  0.5  0.2   0.5  0.1   0.5  0.2 0.016 
 

CA: calcium; P: phosphorus; PTH: parathyroid hormone; OSTEOC: osteocalcin; β-CTx: beta-isomerised C-terminal telopeptide of colla-
gen type I; SBP: systolic blood pressure; DBP: diastolic blood pressure; CHOL: cholesterol; TG: triglyceride; LDL: low-density lipopro-
tein cholesterol; HDL: high-density lipoprotein cholesterol; FBG: fasting blood glucose; WHR: waist-to-hip ratio; BMI: body mass index; 
BMD: bone mineral density. 
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knowledge, this is the first large-scale cross-sectional 
investigation of the vitamin D status and the independent 
predictors of vitamin D deficiency in adults living in 
Gansu Province. The results indicated that vitamin D de-
ficiency is a severe health problem in Gansu Province, 
particularly in women and younger people.  

Approximately 81.9% of study participants were diag-
nosed as having vitamin D deficiency (<20 ng/mL). 
Compared with the prevalence rate of vitamin D deficien-
cy reported in Caucasian Americans in the United 
States,16 Norwegians,17 and Africans,18 the prevalence 
rate was extremely higher in the residents of Gansu Prov-
ince. Additionally, the prevalence rate in our study was 
higher than that reported in several cities in China, such 

as Beijing,19 Shanghai, and Lanzhou,14 the provincial cap-
ital of Gansu. This high prevalence may be due to the 
location of these areas; compared with Gansu Province, 
Shanghai and Beijing are located at a lower latitude 
(31°N and 40°N, respectively). In addition, the personal 
habits of the residents of these cities differ. 

In general, the cutaneous production of vitamin D de-
clines with age,20,21 and elderly people are usually con-
fined indoors for prolonged periods of time, which com-
pounds the problem. However, in contrast to the general 
finding, we found that the serum 25(OH)D3 increased 
with age. This finding is consistent with that of a previous 
study performed in five cities in China, which reported 
that younger adults (18–39 years) generally had a lower 

Table 4. Correlations of serum 25(OH)D3 with descriptive and metabolic variables 
 
Variable r p 
Age (years) 0.063 0.099 
CA (mmol/L) 0.239 <0.001 
P (mmol/L) 0.090 0.018 
PTH (pg/mL) -0.279 <0.001  
OSTEOC (ng/mL) 0.030  0.981 
β-CTx (ng/mL) 0.050  0.189 
SBP (mmHg) 0.012 0.751 
DBP (mmHg) 0.034 0.373 
CHOL (mmol/L)  0.032 0.393 
TG (mmol/L)  0.063 0.098 
LDL (mmol/L) 0.100  0.008 
HDL (mmol/L)  0.005 0.892 
FBG (mmol/L)  -0.057 0.135 
WHR -0.020  0.596 
BMI (kg/m2) 
BMD 

0.093 
0.022          

0.014 
0.355 

 
Abbreviation cross-referenced to Table 3. 
 
 
Table 5. Independent predictors of vitamin D deficiency (total 25(OH)D3 <20 ng/mL) 
 
Variable/group   OR 95 % CI p 
Age (years)  0.97 0.95, 0.99 0.035 
Gender       Men 1.00 Ref.     Women 2.02 1.15, 3.52 0.014 

 Premenopause Ref   
 Postmenopause 2.32 0.90, 5.98 0.080 
Region    
 Urban area 1.00 Ref.  
 Rural area 0.83 0.29, 2.38 0.730 
Educational level (years)  1.76 0.61, 5.01 0.289 
Personal habits    
 Current smoker    
 no 1.00 Ref.  
 yes 0.45 0.24, 0.83 0.100 

 Alcohol use    
 no 1.00 Ref.  
 yes 0.44 0.24, 0.81 0.069 

 Sunlight exposure (min/day)    
 ≤30  1.00 Ref.  
 >30 0.60 0.21, 1.72 0.034 

 Physical activity (days/week)    
 0–2  1.00 Ref.  
 ≥3  0.86 0.64, 2.09 0.026 

 Use of calcium supplement    
 no 1.00 Ref.  
 yes 0.49 0.27, 0.89 0.019 
 
Ref.: reference category. Abbreviation: cross-referenced to Table 3. 
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25(OH)D3 level than did those above 49 years.22 This 
may be because in our study, relatively young adults had 
a median age of 54 years and older people received Ca 
supplements. Similarly, vitamin D deficiency is higher in 
women because of the use of sunscreen and parasols or a 
higher amount of time spent indoors,23-25 and our result is 
consistent with those of previous studies reporting that 
vitamin D deficiency or insufficiency was more severe in 
women,26 especially in postmenopausal women.27 In addi-
tion, vitamin D deficiency was equally prevalent among 
urban and rural participants28 in some studies, whereas 
urban participants were found to have higher deficien-
cy29,30 in some other studies. In South India (13°N), vita-
min D levels were significantly lower in urban partici-
pants than in rural participants.31 Consistent with these 
studies, our finding also indicated this phenomenon may 
be due to urbanization29,30,32 and air pollution.33  

The aforementioned factors, together with personal 
habits, such as sun exposure,34,35 physical activity,36 and 
use of Ca supplementation,37 are independent risk factors 
for vitamin D deficiency. The cumulative effects of such 
factors play an influential role in maintaining vitamin D 
levels. This phenomenon was also observed in our study.  

We observed that serum 25(OH)D3 was positively as-
sociated with serum Ca and P levels because the intestinal 
absorption of Ca and P is positively affected by vitamin D 
sufficiency.3,38 An inverse association between PTH and 
serum 25(OH)D3, which has been reported in several 
studies,15,39,40 was also observed in our study. Furthermore, 
vitamin D deficiency, especially severe vitamin D defi-
ciency (25(OH)D3 <10 ng/mL), was significantly associ-
ated with metabolic syndrome.41 However, we did not 
find a relationship between hypertension, diabetes, or 
dyslipidemia and vitamin D deficiency in all participants. 
In contrast to some previous cross-sectional studies that 
have proposed that vitamin D plays a protective role in 
cardiovascular disease,42,43 we observed that serum 
25(OH)D3 was positively associated with serum LDL in 
adults. Studies have reported inconsistent results42,44,45 
regarding the correlation of serum 25(OH)D3 with LDL. 
Several possible explanations that can explain our find-
ings were previously reported in a study of a cohort of 
British Bangladeshis, which also observed a positive cor-
relation between serum 25(OH)D3 and serum LDL.46 
Zitterman et al postulated that vitamin D can increase fat 
absorption from the gut by inducing the formation of Ca 
fatty soaps.44 By contrast, the lower content of Ca in the 
gut may also reduce the compound of Ca and bile acids, 
subsequently reducing cholesterol excretion.44 Therefore, 
a diet rich in Ca may help offset the increase in serum 
LDL. Another reason may be that the clearance of serum 
LDL from circulation is potentially attenuated by the 
compound of 1,25(OH)2D and LDL.47 Because the effect 
of serum 25(OH)D3 on lipid levels is currently unclear, 
additional studies evaluating the mechanistic link be-
tween lipid metabolism and vitamin D are required. In 
addition, in our study, serum 25(OH)D3 was positively 
associated with BMI, a finding inconsistent with earlier 
studies that have reported that BMI/WHR is inversely 
associated with serum 25(OH)D3;48,49 nevertheless, our 
finding is consistent with that of a study conducted in 
China.22 

Our study has some major strengths. We included a 
large, broadly representative sample frame of adults from 
Gansu Province. In addition, we conducted a comprehen-
sive analysis of various potential risk factors for vitamin 
D deficiency, facilitated by the availability of background 
data including demographic characteristics, personal hab-
its, and anthropometric and metabolic parameters. How-
ever, our study has some limitations. First, blood samples 
were not collected round the year; this failed to help us 
analyze the effect of seasonal variation on serum 
25(OH)D3 which has recently been reported to follow a 
sinusoidal pattern together with intact PTH throughout 
the year at various northerly latitudes.50 Second, the re-
sults may have selection and report biases because the 
self-reported data related to personal habits may not be 
accurate. Furthermore, some unrecognized confounding 
factors might be present. Finally, because of the cross-
sectional nature of our study, we could not infer causality. 

 
Conclusion 
Our results suggest an alarmingly high prevalence of vit-
amin D deficiency (as defined by serum 25(OH)D3 <20 
ng/mL) among all populations of Gansu Province, partic-
ularly functional deficiency among women, postmeno-
pausal women, young people, and those residing in urban 
areas. Use of Ca supplements, sunlight exposure, and 
physical activity were highly protective against vitamin D 
deficiency. Moreover, the results indicated that serum 
25(OH)D3 was positively associated with serum LDL and 
BMI, whereas serum 25(OH)D3 and metabolic syndrome 
were not. To maintain the health of residents of Gansu 
Province, further research on epidemiological and target-
ed future prevention measures is imperative. 
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