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Abstract 

OBJECTIVES: Increasing evidence suggests that vitamin D plays a role in the development of 
chronic diseases including type 2 diabetes (DM). Aim of the study was to explore the association of 
vitamin D levels with prevalent DM in a sample of predominantly healthy working adults older than 
45 years. 
METHODS: This cross-sectional study (2009-2011) involved 1821 employees of a German en-
gineering company (83.1% male, mean age 51.9 ±5.6 years). Sociodemographics and medical 
history were assessed by self-report. Clinical characteristics were obtained including blood sam-
ples to determine vitamin D levels and diabetes status by fasting plasma glucose (FPG) and gly-
cosylated hemoglobin (HbA1c). Vitamin D was grouped into one of four categories (<10 ng/ml, 
10-19.9 ng/ml, 20-29.9 ng/ml, ≥30 ng/ml). Bivariate associations between vitamin D categories and 
a composite indicator for DM (FPG ≥126 mg/dl or HbA1c ≥6.5% or self-reported diagnosis) were 
calculated; multivariable models tested this association further, controlling for potential con-
founders. 
RESULTS: Severe vitamin D deficiency (<10 ng/ml) was associated with increasing FPG (β 3.13; 
95%CI: 0.78, 5.47; p≤0.01) and HbA1c (β 0.15; 95%CI: 0.08, 0.23; p≤0.001) values in adjusted linear 
regression models. In multivariable models, severe vitamin D deficiency was associated with DM 
(OR 2.55; 95%CI 1.16, 5.62; p≤0.05) after controlling for potential confounders. 
CONCLUSIONS: Vitamin D deficiency is associated with prevalent DM in working older adults. 
The findings highlight that the workplace may be a unique location for conducting large-scale health 
screening to identify those at risk of DM using vitamin D. 
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Introduction 
The global prevalence of vitamin D 

(25-hydroxyvitamin D) deficiency is estimated at 
30-87% [1]. In Germany, these estimates range be-
tween 15-30% in the general population [2]. Defi-
ciency of 25-hydroxyvitamin (25(OH)D) has been 
characterized as values <20 ng/ml (50 nmol/l) and 
has been recognized as a cause of childhood rickets 
and adult osteomalacia since the early 19th century. 
Severe deficiency has been defined as less than 10 

ng/ml (25 nmol/l) [3]. In the last 40 years, observa-
tional studies have linked 25(OH)D deficiency to the 
development of chronic conditions including cardio-
vascular disease [4] and diabetes mellitus [5]. While 
national and international guidelines have been de-
veloped to ensure good calcium homeostasis [6], few 
address the maintenance of adequate 25(OH)D levels 
as a means of preventing chronic diseases because of 
limited scientific evidence for a causal link [7,8].  
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The prevalence of type 2 diabetes has increased 
in industrial countries and is expected to reach a 
world-wide prevalence of 4.4% by 2030 [9]. Previous 
work also documents that the mean age of type 2 di-
abetes diagnosis has decreased in some settings from 
52 to 46 years between 1988 and 2000 [10]. Both trends 
are therefore increasingly likely to impact on adults of 
working age, compounding their economic and social 
effects and highlighting their relevance to public 
health. Diabetes prevention is now a public health 
priority in many countries worldwide. 

Deficiency of 25(OH)D has been implicated in 
the pathogenesis of diabetes although exact patho-
physiological pathways remain unclear [5]. Previous 
observational work, however, calls this association 
into question. Although perhaps related to small 
sample sizes and reduced power to detect small but 
meaningful associations, some studies report no as-
sociation [11]. Furthermore, many of these have ex-
plored the association of diabetes and vitamin D lev-
els in older and chronically ill participants, but not in 
healthy adults like working populations. 

Although chronic diseases such as cardiovascu-
lar disease or type 2 diabetes were once thought to be 
a problem of older age groups, there is a shift toward 
onset during the population´s working age [12]. Ap-
parently healthy people can suffer from 25(OH)D 
deficiency as well as from type 2 diabetes. The occu-
pational physician and the workplace is therefore a 
promising setting for screening and prevention. Fol-
lowing the guidelines of the American Diabetes As-
sociation 2011 [13] type 2 diabetes screening of 
healthy adults should start at the age of 45 every 3 
years. Unfortunately only few healthy employees of 
this age turn to a general practitioner (GP) on a regu-
lar basis. The compliance of routine screenings, par-
ticularly the so-called “check-up 35” offered by the GP 
and paid by the public health insurance in Germany is 
only 25% [14]. Workplace settings should exceed the 
participation rate of this public approach. Likewise, a 
workplace setting can lead to early detection of 
25(OH)D deficiency as this is prevalent in all age 
groups [3] and a substantial numbers of previously 
unrecognized diabetes cases [15]. The question if 
vitamin D deficiency and diabetes mellitus are linked 
together in the workforce is still unanswered. The aim 
of the present study is to investigate the relationship 
between vitamin D levels and the prevalence of type 2 
diabetes in working adults older than 45 years. 

Methods  
Study sample 

This report is based on cross-sectional data from 
the Mannheim Industrial Cohort Study (MICS). All 

full- and part-time workers ≥45 years (n=4,539) at four 
subsidiary sites of an engineering company in South-
ern Germany were invited to participate in a health 
assessment in the workplace. Participation was vol-
untary and recruitment took place during working 
hours. No incentives except a full personal health re-
port were provided. 

Ethics permission 
Secondary analysis of all data was approved by 

the Ethics Committee of the Mannheim Medical Fac-
ulty, Heidelberg University. Written informed con-
sent was given by each participant. 

Work health check 
Participants were recruited and examined be-

tween September 2009 and May 2011. Data were col-
lected between 7am and 5pm using partici-
pant-completed questionnaires and a clinical exami-
nation.  

Self-reported characteristics 
Online and paper questionnaires comprised of 

25 items assessed respondents’ age, gender, man-
agement level, and medical history for chronic dis-
eases (cardiovascular disease, arterial hypertension, 
type 2 diabetes). The work-related stress level was 
measured by the effort-reward ratio, which has been 
previously shown to be related to diabetes mellitus 
[16]. Questionnaire items also assessed health behav-
iors including current smoking status (current, past, 
never), fish consumption (< or ≥ 2 times a week), al-
cohol consumption (no alcohol, 1-2 times /month, 1-2 
times /week, 3-5 days/week, 6-7 days/week), and 
physical exercise level (3 times a week, more than 
once a week, once a week, 1-3 times a month, seldom 
or never).  

Clinically-assessed characteristics 
The clinical examination assessed anthropomet-

ric indices (body mass index, waist circumference), 
physiological measures including diastolic and sys-
tolic blood pressure measurements, and collection of 
blood and urine specimens. The body mass index was 
calculated in the usual manner (weight in kilo-
grams/height in meters²) with the participant dressed 
in light clothes and without shoes. The waist circum-
ference was measured in centimeters horizontally 
around the smallest circumference between the ribs 
and iliac crest, or at the navel if no natural waistline 
was present. Blood pressure was recorded twice with 
the participant in a seated position using an auto-
mated Critikon Dinamap Portable and Neonatal Vital 
Signs Monitor (Model 8100). Readings, expressed in 
millimeters of mercury (mmHg), were made using the 
dominant arm after a standardized five minutes rest 
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period. We used the mean of these measures in our 
analysis. Arterial hypertension was considered to be 
present if one of the following criteria was met ac-
cording to definitions of the WHO [17]: (1) diastolic 
blood pressure ≥90 mmHg; (2) systolic blood pressure 
≥140 mmHg; (3) self-reported hypertension. A spot 
morning urine sample was obtained to assess urine 
albumin and fasting a.m. blood samples assessed the 
following biochemical markers: serum C-reactive 
protein (CRP), creatinine, glycosylated hemoglobin 
(HbA1c), 25-hydroxyvitamin D, and fasting plasma 
glucose (FPG). All urine and blood samples were 
processed at a single laboratory at which standardi-
zation procedures were followed daily for each assay. 
Specifically, FPG was measured by the glucose hexo-
kinase enzymatic assay (Olympus Glucose OSR6121) 
and HbA1c by the Roche second generation hemo-
globin A1c immunoassay. Vitamin D samples were 
analyzed with standard laboratory procedures using 
the Roche Modular Analytics E170 Vitamin D3 
(25-OH) assay. 

Diagnosis of type 2 diabetes 
Following the criteria of the American Diabetes 

Association [18] and consensus statements issued by 
the World Health Organization (WHO), International 
Diabetes Federation, and European Association for 
the Study of Diabetes [19] diabetes mellitus was con-
sidered present if at least one of the following was 
met: (1) FPG ≥126 mg/dl (7.0 mmol/l); (2) HbA1c 
≥6.5% (48 mmol/mol); (3) self-reported diabetes with 
confirmation of physician diagnosis.  

Classification of vitamin D levels 
We used widely accepted cut-off values for 

25(OH)D to create four vitamin D categories: severe 
deficiency, <10 ng/ml (25 nmol/l); moderate defi-
ciency, 10-19.9 ng/ml (25-49.9 nmol/l); insufficiency, 
20-29.9 ng/ml (50-74.9 nmol/l); sufficiency, ≥30 
ng/ml (75 nmol/l) [3,5].  

Data analysis 
We present descriptive, univariate analysis using 

means and standard deviations. In cases in which the 
distribution of a parameter was skewed, we applied a 
transformation (e.g., logarithmic, squared, square 
root, or 1/square root) to better approximate a normal 
distribution. Due to the transformation, the sign of a 
number appear in some cases negative, where posi-
tive is expected. Next, we tested linear trend for con-
tinuous variables and used the p for linear-by-linear 
test for categorical variables. Bivariate correlations 
between our indicator of prevalent type 2 diabetes 
and a range of self-reported (demographic and be-
havioral) and clinically-related variables were as-
sessed using Cramers V for categorical variables. Bi-

serial correlations were used to correlate continuous 
with dichotomous variables. Bivariate correlations 
were assessed between vitamin D levels and HbA1c 
and FPG levels using Pearson correlation coefficient. 
Additionally, figure 1 displays locally weighted re-
gression (LOWESS) of HbA1c with 25(OH)D and FPG 
with 25(OH)D. 

Separate linear regression models tested the as-
sociation of continuous values for FPG and HbA1c 
with the four categories of 25(OH)D levels. We used a 
two-step approach, controlling for all variables that 
showed significant correlation within bivariate com-
parisons (age, body mass index, hypertension, and 
C-reactive protein) complemented by variables 
(smoking, work stress, alcohol consumption, and 
physical exercise) which have been previously re-
ported to be associated with type 2 diabetes before. A 
backward elimination modeling approach was then 
applied to limit the number of confounders for pre-
dictive modeling, starting with a one-by-one elimina-
tion of the least significant confounder. The stopping 
rule for exclusion was a standard significance level 
(p≤0.05). Identified confounders were age, body mass 
index, smoking, and urine albumin. In a final step, we 
conducted multivariable logistic regression analyses 
and used odds ratios (OR) with 95% confidence in-
tervals (95% CI) to demonstrate the association of 
25(OH)D categories with prevalent diabetes mellitus. 
As before, backward elimination was used to reduce 
risk of overfitting the model. We used Stata 12.1 MP 
(College Station, TX: StataCorp LP) for all statistical 
analysis. 

Results 
Demographics 

A total of 2,056 employees participated in the 
study (45% response rate). Of these, 1,821 participants 
provided complete data for the analysis (site A, 
n=410; site B, n=200; site C, n=697; site D, n=514). The 
mean age of this final sample size was 51.9 ±5.6 years, 
17% of participants were female, and 15% were cur-
rent smokers (Table 1). The excluded subjects did not 
differ significantly from those included in the analysis 
with respect to age, gender, and smoking status.  

Clinically-assessed characteristics 
A total of 111 participants (6%) fulfilled criteria 

for prevalent diabetes mellitus with two-thirds 
self-reporting the diagnosis. The overall mean 
25(OH)D level was 22.1 ±10.8 ng/ml with severe de-
ficiency present in 13% of participants and moderate 
deficiency in 33%. Participants with severe 25(OH)D 
deficiency were more likely to be female and to have 
significantly higher values for waist circumference, 
FPG, and HbA1c (p trend≤0.01). In contrast, those 
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within the highest 25(OH)D category were more 
likely to consume alcohol and actively smoke, yet are 
also more physically active. Systolic and diastolic 
blood pressure did not differ between groups. The 
proportion of participants with prevalent diabetes 
mellitus increased with decreasing levels of 25(OH)D 

(3% to 7%).  
Compared to those in the non-diabetic group, 

participants with prevalent diabetes showed lower 
levels of 25(OH)D (22.0 ±10.8 ng/ml vs. 20.3 ±10.0 
ng/ml, p≤0.05). 

Table 1: Characteristics of study population (n=1,821) according to 25-hydroxyvitamin D levels 

 Total 
N=1821 

Sufficiency (>30 
ng/ml) 
N=402 
(22%) 

Insufficiency (20-29.9 
ng/ml) 
N=578 
(32%) 

Moderate deficiency 
(10-19.9 ng/ml) 
N=607 
(33%) 

Severe deficien-
cy (<10 ng/ml) 
N=234 
(13%) 

p trend 

mean SD mean SD mean SD mean SD mean SD  
Age (years) 51.9 ±5.6 51.8 ±6.0 51.9 ±5.4 51.8 ±5.6 52.4 ±5.6 0.84 
Gender (% female) 16.9 13.4 15.4 17.5 24.8 ≤0.001 
Upper management (%) 10.2 10.7 10.7 9.1 11.1 0.74 
BMI (kg/m²) 24.4 ±3.8 23.8 ±3.2 24.6 ±3.9 24.5 ±3.9 24.6 ±4.0 0.027 
Waist circumference (cm) 95.3 ±11.5 93.3 ±10.5 95.6 ±11.5 95.9 ±11.6 96.1 ±12.3 0.01 
Systolic BP (mmHg) 140 ±15.3 140 ±15.1 140 ±15.2 140 ±15.2 142 ±16.3 0.99 
Diastolic BP (mmHg) 83.1 ±11.3 83.2 ±11.1 82.8 ±11.1 83 ±11.5 83.8 ±11.9 0.92 
Hypertension (%) 56.9 54.2 56.7 56.3 63.2 0.14 
CRP (mg/l) 1.8 ±3.1 1.6 ±2.5 1.8 ±4.0 1.7 ±2.5 1.9 ±2.9 0.50 
FPG (mg/dl) 92.0 ±15.3 90.1 ±10.0 92.0 ±13.9 92.6 ±16.1 93.9 ±22.4 0.006 
HbA1c (%) 5.73 ±0.48 5.67 ±0.28 5.72 ±0.43 5.74 ±0.53 5.83 ±0.68 ≤0.001 
Serum creatinine (mg/dl) 1.09 ±0.16 1.12 ±0.16 1.09 ±0.17 1.08 ±0.16 1.07 ±0.15 ≤0.001 
Urine albumin (mg/l) 6.8 ±31.3 9.0 ±50.4 6.4 ±31.2 6.4 ±16.0 5.5 ±14.5 0.05 
Diabetes mellitus (%) 6.1 3.2 6.8 6.9 7.3 0.09 
ERI 1.3 +0.5 1.3 ±0.5 1.3 ±0.5 1.3 ±0.5 1.2 ±0.4 0.013 
Alcohol consumption (%) 15.2 17.7 15.7 14.7 10.7 ≤0.001 
Fish consumption (%) 13.1 11.2 11.3 15.5 15.0 0.027 
Physical exercise (%) 44.0 59.2 43.6 38.6 33.3 ≤0.001 
Current smoker (%) 14.8 18.7 12.6 15.5 12.0 0.019 
BMI=body mass index; BP=blood pressure; CRP=C-reactive protein; FPG=fasting plasma glucose; HbA1c=glycosylated hemoglobin; ERI=effort-reward ratio; fish consumption=at least 
twice a week; alcohol=6-7 days/week; physical exercise=more than once a week; upper management=individuals who are in charge of leading other managers of the company 

 

Data analyses 
Bivariate comparisons of diabetes mellitus with 

multiple variables (Table 2) showed highly significant 
(p≤0.001) correlations with age, a diagnosis of arterial 
hypertension, urine albumin, body mass index, and 
waist circumference. Although correlations were 
somewhat smaller, we observed significant associa-
tions between prevalent diabetes mellitus and systolic 
blood pressure and CRP (p≤0.01) as well as diastolic 
blood pressure (p≤0.05). Recruitment period was not 
associated with diabetes mellitus. 

Continuous values for HbA1c (r=-0.088; p≤0.01) 
and FPG (r=-0.064; p≤0.01) were negatively associated 
with 25(OH)D levels (Figure 1). Linear regression 
analysis indicated independent associations of both 
parameters with severe 25(OH)D deficiency (FPG: 
β=3.13, p≤0.01; HbA1c: β=0.15, p≤0.001) after adjust-
ing for potential confounders using a backward 
elimination (Table 3). 

Compared with those with sufficient 25(OH)D 
levels, participants with insufficient, deficient and 
severely deficient 25(OH)D levels had higher odds of 
prevalent diabetes (Table 4). For those in the severely 
deficient category, OR was 2.34 (95%CI: 1.12, 4.92) for 
prevalent diabetes mellitus. In each case, associations 
increased modestly rather than being attenuated fol-

lowing adjustment for a range of potential confound-
ers and remained statistically significant (OR 2.55 
[95%CI: 1.16, 5.62]). 

Table 2: Bivariate correlations of multiple variables with preva-
lence of type 2 diabetes, n=1,821 

 Diabetes mellitus (r) 
Self-reported characteristics  
Age¶ 0.126*** a 
Gender -0.004 b 
Upper management -0.010 b 
ERI§ -0.017 a 
Physical exercise 0.069# b 
Fish consumption 0.010 b 
Alcohol consumption 0.024 b 
Recruitment period 0.038 b 
Current smoker 0.042# b 
Clinically-assessed characteristics  
25-hydroxyvitamin D -0.039# a 
Urine albumin 0.107*** a 
Serum creatinine$ -0.035 a 
Systolic BP† -0.072** a 
Diastolic BP 0.005* a 
Hypertension 0.092*** b 
BMI† -0.196*** a 
Waist circumference$ 0.207*** a 
C-reactive protein 0.062** a 
***p≤0.001, **p≤0.01, *p≤0.05, #p≤0.10 
Transformation: §=log; $=sqrt; †=1/(square root); ¶=square 
The transformations lead to reversed sign in BMI, creatinine, and systolic blood pressure. 
a=Biserial correlation for continuous to dichotomous variables 
b=Cramers V for categorical variables 
BMI=body mass index; BP=blood pressure; ERI=effort-reward imbalance; fish consump-
tion=at least twice a week; alcohol=6-7 days/week; physical exercise=more than once a 
week; recruitment period=month of examination; upper management=individuals who 
are in charge of leading other managers of the company 
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Figure 1: Crude associations of mean levels of glycosylated hemoglobin 
(HbA1c) and fasting plasma glucose (FPG) with 25-hydroxyvitamin D levels 
using locally weighted regressions (LOWESS), n=1,821. 

 
 

Table 3: Independent association of 25-hydroxyvitamin D cate-
gories with continuous values of FPG and HbA1c, n=1,821# 

 Sufficien-
cy (≥30 
ng/ml) 

Insufficiency  
(20-29.9 
ng/ml) 

Moderate 
deficiency 
(10-19.9 
ng/ml) 

Severe defi-
ciency 
(<10 ng/ml) 

 Reference 
category 

β 95%C
I 

β 95%C
I 

β 95%C
I 

 Backward elimination 
FPG 1 1.0

8 
-0.76, 
2.92 

1.85
* 

0.02, 
3.67 

3.13** 0.78, 
5.47 

HbA1
c 

1 0.0
4 

-0.02, 
0.10 

0.06
* 

0.03, 
0.12 

0.15**
* 

0.08, 
0.23 

***p≤0.001; **p≤0.01; *p≤0.05 
FPG=fasting plasma glucose 
HbA1c=glycosylated hemoglobin 
95%CI=95% confidence interval 
#adjusted for age, body mass index, smoking, and urine albumin 

 
 

Table 4: Crude and adjusted association of 25-hydroxyvitamin D 
categories with prevalent type 2 diabetes, n=1,821 

 Sufficiency 
(≥30 ng/ml) 

Insufficiency  
(20-29.9 
ng/ml) 

Moderate defi-
ciency (10-19.9 
ng/ml) 

Severe defi-
ciency 
(<10 ng/ml) 

 Reference 
category 

OR 95%CI OR 95%CI OR 95%CI 

 Model 1 
DM 1 2.17* 1.14, 

4.11 
2.22** 1.18, 

4.20 
2.34* 1.12, 

4.92 
 Model 2 
DM 1 2.18* 1.10, 

4.31 
2.29* 1.17, 

4.50 
2.55* 1.16, 

5.62 
**p≤0.01; *p≤0.05 
DM=Diabetes mellitus, defined as HbA1c ≥6.5%, fasting plasma glucose ≥126 mg/dl or 
self-reported diagnosis confirmed by a physician 
95%CI=95% confidence interval 
OR=odds ratio 
Model 1 unadjusted 
Model 2 backward elimination, adjusted for age, body mass index, smoking, and urine 
albumin 

 
 

Discussion 
This cross-sectional study is the first study that 

observed an association between 25(OH)D levels and 
laboratory indicators of type 2 diabetes in a large 
sample of healthy older adults in the workforce, as far 
as we know. When the dependent variable was de-
fined in terms of prevalence and used either 
self-reported diagnosis or threshold values for labor-
atory indicators, an association was present for those 
with insufficient, deficient and severely deficient lev-
els, compared with those with a normal level. Im-
portantly, these associations remained robust to ad-
justment by a range of potential confounders.  

In our population, severe 25(OH)D deficiency 
(<10 ng/ml) was present in 13% of all participants; 
33% had levels consistent with moderate deficiency 
(10-19.9 ng/ml). These findings are slightly lower 
than in a population-based German study, which re-
ported a 16% prevalence of severe deficiency in indi-
viduals aged 18-79 years [3]. Deficiency of 25(OH)D 
was associated with female gender and overweight, 
whereas sufficient levels were associated with regular 
physical exercise, smoking and alcohol intake. The 
association of life style factors has been explored be-
fore [20]. Elevated body mass index and less physical 
exercise were associated with 25(OH)D deficiency. 
These findings may be related as physical inactivity 
may be more present among obese people. A lot of 
physical exercise is normally done outdoors and thus 
allows photosynthesis of vitamin D. Furthermore, 
vitamin D is a lipophilic vitamin and stored in body 
fat cells which makes it more difficult for obese people 
to take advantage of this vitamin. The association of 
25(OH)D deficiency and female gender is common in 
Arabian countries due to the practice of purdah 
whereby all skin is covered [21], but not in European 
areas in general. Only 17% of our study population 
were female with a mean age of 51.8 years. This asso-
ciation could be related to postmenopausal effects 
which has been shown before [22]. Surprisingly, 
25(OH)D deficiency was inversely associated with 
smoking and regular alcohol intake. A Danish study 
showed as well that people abstaining from alcohol 
intake were more likely to suffer from 25(OH)D defi-
ciency [20]. Our finding regarding smoking is con-
trary to most of the present literature [23]. Higher 
25(OH)D levels may have been observed in smokers 
in this sample because of legal regulations requiring 
employees to smoke outside the company buildings. 
This regulation may therefore have led to more fre-
quent sunlight exposure and greater production of 
vitamin D precursors in the skin. Another reason 
could be the use of a Roche assay that overestimates 
25(OH)D levels in smokers by unknown mechanisms 
[24]. 
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Diabetes was present in 6% of our study popu-
lation, which is comparable to explorations of other 
employers [15]. Although we found a significant as-
sociation of both FPG and HbA1c with severe 
25(OH)D deficiency, similar findings have been re-
ported inconsistently in previous work. While an in-
verse association of 25(OH)D and FPG has been ob-
served several times in different populations [5,25,26], 
inverse associations with HbA1c were not detected in 
younger Americans [25] but detected in older Ger-
mans [5]. There are several lines of evidence to sup-
port that vitamin D influences impaired β-cell func-
tion, insulin resistance and systematic inflammation 
[27]. It has been demonstrated that vitamin D recep-
tors exist in many tissues including pancreatic β-cells 
[4], allowing vitamin D to potentially modulate the 
insulin response to elevated blood glucose.  

One third (33%) of all diabetes cases in our ap-
parently healthy study sample were newly detected 
reflecting the presence of a high proportion of undi-
agnosed diabetes cases in the population. Therefore, 
the workplace is a valuable setting for health screen-
ings [15]. To our knowledge, the current study is the 
first to explore the association of 25(OH)D deficiency 
and the prevalence of type 2 diabetes in healthy 
working adults. The German LURIC study found that 
higher 25(OH)D levels were significantly associated 
with better glycemic status in 3,316 elderly patients 
scheduled for coronary angiography [5]. Similar re-
sults were described by a Korean study group ex-
ploring 12,263 subjects of the Korea National Health 
and Nutrition Examination Survey older than 19 years 
[28]. Additionally a meta-analysis with 3,612 diabetes 
cases (mean age 61.6 years) demonstrated an inverse 
association between circulating 25(OH)D and incident 
type 2 diabetes [29]. Another meta-analysis with 4,996 
cases showed that each 10 nmol/L increment in 
25(OH)D levels was significantly associated with a 4% 
lower risk of type 2 diabetes [30]. Nevertheless, while 
some recent publications report associations of 
25(OH)D levels and type 2 diabetes [31,32] there are 
others stating the opposite [33,34] indicating a lack of 
reliable evidence. Furthermore, current research is 
inconclusive whether vitamin D supplements are 
beneficial for otherwise healthy adults in preventing 
diseases beyond bone disorders [35]. Results of a large 
clinical trial at Harvard University (VITAL study) 
with 25,875 older participants should soon arrive to 
get a better understanding of multiple clinical out-
comes.  

When interpreting our findings, several limita-
tions must be taken into consideration. First, as the 
study design is cross-sectional, it is not possible to 
draw any causal conclusion about the direction of 
effects in the associations we observed. Second, the 

generalizability of our findings is somewhat limited 
as our sample consisted predominantly of male in-
dustrial workers in Germany. Our findings might not 
be generalizable to other ethnic groups or females. 
Nevertheless, the homogeneous study sample may 
have reduced a potential bias of vitamin D variations 
as other ethnic groups tend to have different vitamin 
D levels. Third, we did not assess anti-diabetic medi-
cation and status of type 1 diabetes of participants. 
Although prevalence of type 1 diabetes is less than 
0.3% in Western Europe, this information should be 
included in the medical history assessment of further 
studies. 

Conclusion 
In conclusion, the findings of our study suggest 

that vitamin D is inversely associated with type 2 di-
abetes in German industrial workers older than 45 
years. Further longitudinal studies should seek to 
establish clearly the temporal sequence of this associ-
ation. Ultimately, randomized controlled trials are 
needed to examine whether vitamin supplementation 
is a useful intervention in preventing or delaying the 
onset of type 2 diabetes. While vitamin D screenings 
of healthy adults cannot be recommended due to 
missing evidence at present, people at risk for type 2 
diabetes could possibly benefit from a screening for 
25(OH)D deficiency in addition to the Endocrine So-
ciety guideline [36]. The workplace seems to be a 
promising setting for that. 
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