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Abstract: Objective: To investigate the levels of serum 25-hydroxy vitamin D(25-OHD) and its related influence factors 
in the adults in Qujing area of Yunnan Province in China. Method: 25-OHD levels in the sera were detected with a 
25-hydroxy vitamin D kit and read with LIAISON XL chemiluminescence analyzer. Data was statistically analyzed 
with software SPSS17.0. Results: The serum 25-OHD levels of the subjects were 12.08±5.92 ng/ml. Although the 
sera levels of 25-OHD were significantly higher in urban residents, men and young subjects than in rural residents, 
women, and old subjects, the 25-OHD levels were significantly lower compared to international standard values in 
almost all populations in Qujing area. Conclusion: Qujing is plateau area with affluent sunlight, however, serum 25-
OHD levels of majority populations are low. The serum 25-OHD levels are affected by many factors. In order to avoid 
excessive diagnosis and treatment, the adjusted local standard values of serum 25-OHD are needed. 
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Vitamin D is an key hormone in the regulation 
of calcium and phosphorus metabolism and 
maintenance of normal bone mineral salt in 
human body [1-2]. Vitamin D deficiency increas-
es the risk of osteomalacia and fracture [3]. 
Recent studies have demonstrated that the 
deficiency of vitamin D has also a correlation to 
immune dysfunction, tumor, cardiovascular dis-
eases (CVD) [4], blood glucose metabolic disor-
der [5], polycystic ovary, and infertility, etc. It 
leads to a concern that vitamin D deficiency 
might be an increasingly serious globally health 
problem. 

Many researches have revealed that the popu-
lations with different genetic backgrounds have 
displayed a state of Vitamin D insufficiency or 
deficiency [6]. With reference to the current 
diagnostic criteria: serum 25-hydroxy vitamin D 
(25-OHD)<20.0 ng/ml is diagnosed as deficien-
cy, 20-30 ng/ml as insufficient, >30 ng/ml as 
appropriate. This study has used random sam-
pling survey and standard immunology assay, 
to examine the levels of serum 25-OHD in 1078 

subjects with different genders, different loca-
tions between the ages of 20-90, our results 
have demonstrated that majority of populations 
in a plateau area in China have a lower serum 
level of 25-OHD, suggesting that the new stan-
dard for values of serum 25-OHD should be 
made in China. 

Subjects and methods

Subjects

1078 adults between 20-90 years old in Qujing 
area of Yunnan Province in China have been 
recruited during Oct. to Dec. 2012 without race 
and gender limit. Exclusion criteria are includ-
ed: (1) Ages are less than 20 years old; (2) One 
with serious kidney disease and evident skin 
diseases who are sensitive to sunlight; (3) 
Patients with the malnutrition; (4) Patients who 
are suffering from parathyroid disease, paget’s 
disease and osteomalacia; (5) One who has 
used hormones, steroids, parathyroid hormo- 
ne, calcitonin, double phosphonic acid salts, 
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Vitamin D or other similar drugs or supple-
ments; (6) Patients with malignant tumors; (7) 
One with Long-term diarrhea, digestion and 
absorption dysfunction. Study has been ap- 
proved by an IRB from Qujing City First Hospital 
of Yunan Province in China.

Methods

A form with the questionnaire was sent to each 
attendee. The study was followed-up and at- 
tendee wad eliminated if dynamic information 
was not gained during the study period. 

4-5 ml venous blood was drawn from each 
attendee and serum was prepared with the 
regular method. Serum was harvested follow-
ing a 10-min centrifugal with 3500 rpm speed. 
Each serum was saved on cryogenic tubes and 
stored on -80°C refrigerator. When all samples 
were ready, 25 OHD levels in the sera were 
detected with a 25-hydroxy vitamin D kit 
(DiaSorin, USA) and analyzed with LIAISON XL 
chemiluminescence analyzer using a method 
manufacturer introduced. The final concentra-

sity repeat precision) <1%. Results have been 
reported as normal values, osteoporosis, and 
osteopenia. The diagnosis of bone loss has 
adopted the WHO diagnostic criteria as follow-
ing: osteoporosis, the BMD (bone mass densi-
ty) value is lower than the peak bone mass 
>2.5S (what is mean of S?); Osteopenia, BMD 
value is between 2.5S to 1.0S and >1.0S was 
viewed as normal bone density. 

Statistical analysis

All results have been used with SPSS17.0 soft-
ware for statistical analysis. The average popu-
lation of all ages was described using the mean 
and standard deviation. T test, analysis of vari-
ance and rank-sum test have been used to 
compare the differences of 25 OHD levels 
between urban and rural areas, different ages 
and different genders. Using multiple linear 
regression analysis the influence factors of 
vitamin D. The factors affecting Vitamin D lev-
els have been analyzed with multiple linear 
regression analysis.

Table 1. Levels of serum Vitamin D in different groups

N (%) Mean ± SD
(ng/ml)

Vitamin D
appropriate (%)

Vitamin D
insufficient (%)

Vitamin D
deficiency (%)

20≤ and <40 164 (15.2) 15.70±5.95 1 (0.6) 140 (85.4) 23 (14.0)
40≤ and <60 499 (46.3) 12.89±5.89 4 (0.8) 336 (67.3) 159 (31.9)
≥60 415 (38.5) 9.67±4.86 3 (0.7) 159 (38.3) 253 (61.0)
Male 546 (50.6) 13.55±5.96 5 (0.9) 389 (71.2) 152 (27.8)
Female 532 (49.4) 10.56±5.48 3 (0.6) 246 (46.2) 283 (53.2)
Rural 555 (51.5) 10.92±5.20 7 (1.3) 353 (67.5) 163 (31.2)
Urban 523 (48.5) 13.31±6.37 1 (0.2) 282 (50.8) 272 (49.0)

Table 2. Levels and correction of serum 25-OHD between ages, 
genders and locations

Male Female Rural residents Urban residents
20≤ and <40 17.23±5.12 14.10±6.36 15.96±6.38 15.21±5.06
40≤ and <60 14.15±5.93 11.64±5.59 13.83±6.09 11.89±5.51
≥60 11.42±5.44 7.81±3.25 10.66±5.86 9.06±4.00

Table 3. The influence factors affecting serum Vitamin D levels
Influence factors B Std. Error Beta t P
Constant term 18.437 2.198 8.387 <0.001
Bone mineral density 1.077 0.478 0.126 2.254 0.025
Gender -2.474 0.544 -0.191 -4.546 <0.001
Age -0.065 0.022 -0.162 -2.909 0.004

tion was indicated by ng/ml 
with a minimum value of 4.0 
ng/mL and the maximum 
value of 150.0 ng/mL. The 
intra-assay and inter-assay 
coefficients of variation be- 
tween this range were <10%. 

Bone density in each subject 
was examined with dual-en- 
ergy X-ray absorptiometry in 
same day. DPX-L dual-ener-
gy absorptiometry (Lunar Co. 
USA) has been widely uti-
lized in measuring bone den-
sity and its accuracy is 1% 
with CV (Bone mineral den-
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Results

The subjects consisted of 1078 adults, with an 
average age of 54.44±14.66 years, maximum 
90 years old, minimum 20 years old. The aver-
age levels of 25-OHD were 12.08±5.92 ng/ml 
(maximum 62.4 ng/ml and minimal <4 ng/ml). 
Vitamin D levels were significantly higher in 
men than in women; in urban residents than in 
rural ones; while the ages of subjects increase, 
Vitamin D levels gradually decreased. The rates 
of Vitamin D deficiency were markedly increased 
in ≥60 group compared to <60 group and this 
trend can be observed in group with 40≤ and 
<60 than in group with 20≤ and <40. None- 
theless, referring to the current diagnostic cri-
teria for vitamin D, vitamin D deficiency acco- 
unted for 98.7% in urban residents and 98.8% 
in rural residents. Similarly, 98.1% of men and 
99.4% of woman also accounted for Vitamin D 
deficiency (Table 1).

We then compared the differences of serum 
25-OHD levels between groups with ages and 
groups with genders and locations. As shown in 
Table 2, the Vitamin D levels were significantly 
higher in men than in women, in urban resi-
dents than in rural residents in all ages of 
groups (P<0.001). 

We further adopted multiple linear stepwise 
regression analysis with α = 0.05 and with 
excluding standard β = 0.10 to determine the 
influence factors affecting the serum 25-OHD 
levels. To the end, when BMD results, genders 
and ages were entered to regression equation, 
the T test was used and p values were less than 
0.05 and the difference was statistically signifi-
cant (Table 3).

Discussion

Vitamin D is one of fat-soluble Vitamins, belong-
ing to the sterol compounds and consisting of 
D2, D3, D4 and D5. Only a small part of Vitamin 
D comes from the food since 90% of Vitamin D 
human body needed originate from ultraviolet 
radiation in sunlight skin (please add a refer- 
ence).

1,25(OH)2-D is an active ingredient of Vitamin 
D, however, its half-life is fairly short. 25-OHD is 
the synthesis precursor of 1,25(OH)2-D, its 
concentration in blood is usually highest and 
most stable with the longest half-life. 25-OHD 

has been viewed as a good indicator to reflect 
the levels of Vitamin D in the body [7, 8]. 

Vitamin D deficiency has becoming a worldwi- 
de health problem. More than 40% American  
suffer from Vitamin D deficiency or insufficient 
and the rates of Vitamin D deficiency or insuffi-
cient are even higher in China [7]. Researches 
have shown that the levels of serum 25-OHD  
in both men (9.534±4.4 ng/mL) and women 
(10.26±5.07 ng/ml) in the summer of Shenyang 
in China were evidently lower than the interna-
tional standard. The average levels of serum 
25-OHD in Beijing adults in the summer is 
18.9±6.5 ng/ml whereas this values were sli- 
ghtly lower in the older population of Chongqing 
(14.62±7.97 ng/mL) [11]. Although Guiyan city 
of Guizhou Province in China is considered as 
one of locations lacking sunlight, the levels of 
serum 25-OHD in the adults were not lower as 
expected (21±10 mg/L) but the prevalence of 
Vitamin D insufficient and deficiency is still as 
high as 82% [12]. Interestingly, the levels of 
25-OHD of men in Lhasa in Tibet reach to 
30.5±14.5 ng/ml and women to 27.64±14.1 
ng/ml in the summer, implicating the sufficient 
sunlight is important for maintenance of 
25-OHD levels [10]. 

The reasons of different Vitamin D levels in vari-
ous areas can be explained for the different 
altitudes, different ultraviolet irradiation, wea- 
ther, seasons, and diet, etc. This research has 
showed that 25-OHD levels in Qujing area were 
similarly lower to other plain areas in China. 
Qujing area belongs to the plateau region, but 
we did not observe the obvious regional and 
geographical advantages for serum 25-OHD 
levels in the adults. It is possible that the sam-
ples have been collected in autumn and winter 
when sunshine time is short. 

Our survey has also revealed that 25-OHD lev-
els were related to ages. The obvious lower lev-
els of serum Vitamin D in elderly populations  
in Qujing area may be related to the following  
factors; (1) Outdoor activity of the old has 
decreased and therefore their sunshine time is 
shortened. Eventually, skin synthesis of Vitamin 
D is reduced; (2) The intake of meat foods is 
limited; (3) Body mass index (BMI) is increased; 
(4) 7-dehydrogenation cholesterol levels in the 
skin are reduced. Previous studies have shown 
that the levels of 7-dehydrogenation cholester-
ol in the shin have negatively correlated to 
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ages. The levels of 7-dehydrogenation choles-
terol in the shin of 70 year-old people are only 
25% of young people. Lapatsanis [13] has 
reported  that 25-OHD levels decreased with 
increasing ages, the results are consistent with 
our finding. Kuchuk [14] observed that 25-OHD 
levels of men was significantly higher than 
women between 65-68 years old population in 
Netherlands, that is also similar to our observa-
tions. It is likely that the frequency of outdoor 
activities and meat food intake are higher in 
older male than in old female. 

Our results also revealed that average 25-OHD 
levels were lower in rural residents than in 
urban residents. It may be related to unreason-
able diet structure and lack of the extra vitamin 
D supplements in the rural area. It has been 
known that the intake amounts of animal food 
are usually lower in rural residents than in 
urban residents.

Our study also investigates the correction be- 
tween 25-OHD levels and races, genders, ages, 
locations, smoking, drinking, outdoor activities, 
bone mineral density, intake amounts of milk 
and education degrees by multiple linear step-
wise regression analysis, to the end, the 
25-OHD levels are associated with bone min-
eral density, sex, and ages. Namely, 25-OHD 
positively correlated to bone mineral density 
whereas negatively correlated to female and 
ages. In our study, we excluded the influence 
factors including the weather, milk intake and 
education degrees. More than 80 studies from 
multi countries have showed that ordinary food 
does not provide adequate vitamin D without 
special Vitamin D food [15]. There is no correla-
tion between 25-OHD with smoking and drink-
ing. Because there is no specific survey ques-
tionnaire regarding to the timing and manner of 
outdoor activities in this study, it keeps an open 
question whether the outdoors is involved in 
affecting 25-OHD levels in Qujing area. 

Taken together, our study indicates that the 
prevalence rate of Vitamin D insufficient and 
deficiency is high referring to the international 
standard. The results are similar to other 
domestic areas and plateau does not display 
the obvious regional or geographical advantage 
in the winter. We next will study the 25-OHD lev-
els in the different seasons and enlarge the 
sample sizes. We also suggest that a new stan-

dard for serum 25-OHD levels should be made 
to truly reflect values of this assay in this area. 

Acknowledgements

This work is partially supported by Special 
Applied Basic Research, the Department of 
Science and Technology in Yunnan Province in 
China (2014FZ060).

Address correspondence to: Drs. Songguo Zheng 
and Weiwen Chen, Division of Rheumatology and 
Endocrinology, Qujing First Hospital at Kunming 
Medical University, Qujing, 202150, Yunnan Pro- 
vince, P.R. China; Workstation for Academicians and 
Experts of Yunnan Province, Qujing First Hos- 
pital at Kunming Medical University, Qujing, 202- 
150, Yunnan Province, P.R. China. E-mail: song-
guozheng2013@yahoo.com (SGZ); qjcww309@163.
com (WWC)

References

[1] Holick MF. Vitamin D deficiency. N Engl J Med 
2007; 357: 266-281.

[2] White JH. Vitamin D signaling, infectious dis-
eases, and regulation of innate immunity. In- 
fect Immun 2008; 76: 3837-3843.

[3] Bischoff-Ferrari HA, Willett WC, Wong JB, Stuck 
AE, Staehelin HB, Orav EJ, Thoma A, Kiel DP, 
Henschkowski J. Prevention of nonvertebral 
fractures with oral vitamin D and dose depen-
dency: a meta analysis of randomized contio-
lled tiaals. Arch Inter Med 2009; 169: 551-
561.

[4] Adams JS, Hewison M. Update in vitamin D. J 
Clin Endocrinol Metab 2010; 95: 471-478.

[5] Hanne LG, Cecilie W, Kare IB. vitaIIIin D and 
insulin action andsecretion-An overview of cur-
rent understanding and future perspectives.
Eur Endocrinol 2010; 6: 13-18.

[6] Dawson-Hughes B, Mithal A, Bonjour JP, 
Boonen S, Burckhardt P, Fuleihan GE, Josse 
RG, Lips P, Morales-Torres J, Yoshimura N. IOF 
position stdtement: vitamin D recommenda-
tions for older adults. Ostcoporos Int 2010; 21: 
1151-1154.

[7] Holick MF, Chen TC. Vitamin D deficiency: a 
worldwide problem with health consequences 
[J]. AM J Clin Nutr 2008; 87: 10805-10865.

[8] Wu YQ, Jiang XF, Li YP. The serum 25-hydroxy 
vitamin D levels in the children aged 0 to 6 in 
Jinhua city of China. CJCHC Jan 2010; 18: 75-
76.

[9] Zhou B, Wang XH, Wang ST, et al. Seasonal va-
riation D of vitamin levels in elderly people in 
northern China [J]. Chin J Osteoporos 2003; 9: 
191-192.

mailto:songguozheng2013@yahoo.com
mailto:songguozheng2013@yahoo.com
mailto:qjcww309@163.com
mailto:qjcww309@163.com


Levels of 25-OHD in Qujing’s adults

9601 Int J Clin Exp Pathol 2015;8(8):9597-9601

[10] Zhou XY, Meng XW, Liu SQ, et al. The observa-
tion of serum 25-hydroxy vitamin D levels in 
the adults in Lasa area of China. Chinese 
Medical Journal 1995; 75: 261-263.

[11] Meng P, Xiao E, Zhang H, et al. The observation 
of serum 25-hydroxy vitamin D levels in the el-
derly patients in Chongqing area of China. 
China J Osteoporos Bone Miner RES 2010; 3: 
114-116.

[12] Zhang Q, Peng NC, Xu SJ, et al. Vitamin D sta-
tus in healthy adults in Guiyang of Chian. Chin 
J Endocrinol Metab 2011; 27: 659-663.

[13] Lapatsanis D, Moulas A, Cholevas V, Soukakos 
P, Papadopoulou ZL, Challa A. Vitamin D: a ne-
cessity for children and adolescents in Greece 
[J]. Calcif Tissue Int 2005; 77: 348-355.

[14] Kuchuk NO, Pluijm SM, van Schoor NM, 
Looman CW, Smit JH, Lips P. Relationships of 
serum 25-hydroxyvitamin D to bone mineral 
density and serum parathyroid hormone and 
markers of bone turnover in older adults. J Clin 
Endocrinol etab 2009; 94: 1244-1250.

[15] Whiting SJ, Calvo MS. Dietary recommenda-
tions for vitamin D: A critical need for function-
al end points to establishtinestimated average 
requirement [J]. J Nutr 2005; 135: 304-309.


