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Abstract

Background & Objective

Vitamin D has been hypothesized to affect the immune system and decrease inflammation. 
The role of adiposity, associated with both vitamin D deficiency and inflammation, in this 
relationship is unknown. We therefore aimed to assess the relationship of serum 
25-hydroxyvitamin D (25(OH)D) with C-reactive protein (CRP), leptin and adiponectin 
and the influence of adiposity in this relationship. 

Methods 

This is a cross-sectional analysis of The Netherlands Epidemiology of Obesity Study (NEO), 
a population-based cohort study in men and women aged 45 to 65 years. Main outcome 
measures were CRP, leptin and adiponectin. In the linear regression analyses we adjusted 
for age, sex, ethnicity, creatinine, education, alcohol use, smoking status, physical activity, 
number of chronic diseases, season, total body fat and waist circumference.  

Results

Of the 6287 participants, 21% were vitamin D deficient (serum 25(OH)D <50 nmol/L). 
Mean (SD) age and BMI were 56 (6) years and 26.3 (4.4) kg/m2,, respectively. After 
adjustment for confounding factors, each 10 nmol/L increase in serum 25(OH)D was 
associated with 2.3% (95%CI: -4.0 to -0.5) lower CRP, 3.5% (-4.7 to -2.2) lower leptin, and 
0.13 ng/mL (0.04 to 0.21) higher adiponectin. After additional adjustment for total body 
fat and waist circumference the associations with CRP and leptin largely disappeared. For 
adiponectin the relationship was attenuated: 0.05 ng/mL (0.03 to 0.13).  

Conclusion

Serum 25(OH)D was negatively associated with the pro-inflammatory CRP and leptin and 
positively associated with the anti-inflammatory adiponectin. These associations were 
largely explained by the amount of body fat.



45

SERUM 25(OH)D AND INFLAMMATION

3

Introduction

Vitamin D deficiency is a growing public health issue affecting approximately 1 billion 
people worldwide (1). The major role of vitamin D is maintaining calcium and phosphorus 
homeostasis (1). Besides its classical functions, vitamin D is speculated to play a role in the 
immune system.  This is supported by the expression of the Vitamin D Receptor (VDR) 
on a range of immune cells, such as macrophages, dendritic cells and CD4-positive 
T-lymphocytes (2, 3). Activation of the VDR suppresses the production of pro-inflammatory 
cytokines via blocking the pro-inflammatory nuclear factor kappa-light-chain-enhancer 
of activated B cells (NF-κB) pathway and enhances the production of anti-inflammatory 
cytokines (4).
Observational studies in humans that investigated the relationship between vitamin D 
concentrations and markers of inflammation, however, have demonstrated inconsistent 
results. Inverse (5-8), quadratic (9, 10) or no associations (11-15) have been reported. The 
relationship between vitamin D status and inflammation might be influenced by adiposity. 
Excess adiposity is associated with both vitamin D deficiency (16)  and a low-grade chronic 
inflammatory state.  In individuals with overweight or obesity, concentrations of adipocyte-
derived pro-inflammatory cytokines such as TNF-α and IL-6, and hormones with pro-
inflammatory properties such as leptin are increased, whereas hormones with anti-
inflammatory properties such as adiponectin are decreased (17, 18).  
Adiposity could also modify the relationship between 25-hydroxyvitamin D (25(OH)D) 
concentrations and inflammation. A previous study identified a negative relationship 
between 25(OH)D concentrations and pro-inflammatory cytokines in individuals with 
normal weight (BMI < 25 kg/m2), but not in those with overweight (BMI > 25 kg/m2)(6). 
In individuals with overweight and/or obesity, detection of a specific effect of vitamin D 
on inflammation might be obscured by the contribution of adipose tissue to the secretion 
of pro-inflammatory cytokines (5). 
Thus, the relationship between 25(OH)D concentrations and inflammation and the role 
of adiposity therein remains largely unclear. Adiposity may be a common cause of both 
low vitamin D levels and a pro-inflammatory state (confounding factor) or might modify 
the relationship between vitamin D status and inflammation (effect modifier). In the present 
study we aimed to assess the relationship of 25(OH)D concentrations with CRP, leptin and 
adiponectin and elucidate the influence of adiposity in a large well-characterized population-
based cohort study. 
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Methods

Study design and study population 

The Netherlands Epidemiology of Obesity (NEO) study is a population-based prospective 
cohort study in participants aged 45-65 years, with an oversampling of participants with a 
BMI of 27 kg/m2 or higher. In total, 6671 Individuals have been included from September 
3, 2008 until September 28, 2012. A detailed description of the study design and study 
population can be found elsewhere (19). Men and women who had a self-reported BMI of 
27 kg/m2 or higher, aged between 45 and 65 years and living in the greater area of Leiden 
(in the West of the Netherlands) were eligible to participate in the NEO study. In addition, 
all inhabitants of one municipality (Leiderdorp) aged between 45 and 65 years were invited 
to respond irrespective of their BMI, allowing for a reference distribution of BMI. 
Participants visited the NEO study center of the Leiden University Medical Center (LUMC) 
after an overnight fast. Prior to this study visit, participants completed questionnaires to 
report demographic, lifestyle and clinical information. The present study is a cross-sectional 
analysis of the baseline data. All participants with measurements of serum 25(OH)D, high 
sensitive C-reactive protein (hsCRP), adiponectin and leptin were included in this study. 
The study was approved by the medical ethics committee of the Leiden University Medical 
Center (LUMC). All participants gave written informed consent.

Data collection 

Total body fat and body weight in kilograms were measured by the Tanita bio impedance 
balance (TBF-310, Tanita International Divisions, UK)(19). Waist circumference was 
measured in centimeters halfway between the costal arch and the iliac crest. Total body fat 
was used as a measure for overall (subcutaneous) fat storage and waist circumference was 
used as a measure for abdominal fat storage. Information on demographic, lifestyle and 
clinical factors were assessed using questionnaires. Ethnicity was assessed by self-
identification in eight categories, which were grouped into ‘white’ and ‘other’. Education 
was grouped as low versus high education. Low education was defined as no education, 
only primary school or lower vocational education. Smoking behavior was grouped into 
three categories: current, former or never smokers. Physical activity was measured using 
the SQUASH-questionnaire and reported in Metabolic Equivalent of task (MET) 1kcal/kg/
hour per week (20). The MET concept measures the amount of energy use during physical 
activity compared to the reference metabolic rate of an average individual at rest. Alcohol 
consumption was assessed using the Frequency Food Questionnaire, and categorized into 
4 categories: 0 grams per day, ≤1 grams per day, 1-5 grams per day and ≥5 grams per day. 
Chronic diseases were defined as a self-reported medical history of one or more of the 
following diseases: asthma, COPD, rheumatoid arthritis, diabetes mellitus, kidney disease, 
cancer and cardiovascular disease. 
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Biochemical measurements 

Fasting blood samples were taken after an overnight fast of 10h. Blood samples were  
then centrifuged, aliquoted and stored at -80˚C for future analyses. Serum 25(OH)D was 
measured with three different assays during the study period. From 1 September 2008  
to 4 October 2010 the radio-immunoassay (RIA) method was used (Diasorin, Italy).  
From 5 October 2010 to 29 September 2011 the Chemiluminescent Immunoassay was 
used (iSYS analyzer, ImmunoDiagnostics Inc., Boldon, UK). Finally, from 30 September 
2011 until the end of the study, the 2nd generation Electrochemiluminescence 
Immunoassay (ECLIA) (Modular Analytics E170 analyzers, Roche Diagnostics, Mannheim, 
Germany) was used. Two level commercial IQC samples were used in all three methods 
to monitor performance. Maximum overall CV was <12%. All methods have stated 
specificity for both 25-hydroxyvitamin D2

 and D3 (25(OH)D2 and 25(OH)D3). Because 
three different immunoassays were used during the study period, serum 25(OH)D was 
calibrated towards the “golden standard” LC-MS/MS method (isotope dilution/online 
solid-phase extraction liquid chromatography/tandem mass spectrometry (ID-XLC-MS/
MS) to minimize possible variations. These LC-MS/MS measurements were performed 
at the Endocrine Laboratory of the VU University Medical Center (Amsterdam, the 
Netherlands) as described before (21). The limit of quantitation (LOQ) was 4.0 nmol/L; 
intra-assay CV was <6%, and inter-assay CV was <8% for concentrations between 25 and 
180 nmol/L. 25(OH)D2 and 25(OH)D3 were measured separately. For calibration, time-
dependent sampling was used, selecting 50 samples of measurements from each assay 
according to tentiles of serum 25(OH)D. Calibrated serum 25(OH)D concentrations were 
then calculated using linear regression formulas. 
High-sensitive CRP determination was performed with an automated analyzer (Modular 
P800, Roche, Germany) using a  TINA-Quant raegens (Roche, Germany). Lower limit of 
detection was 0.1 mg/L. Serum leptin was measured using a radio-immunoassay (Cat Nr 
HL-81HK, Merck Millipore, Darmstadt, Germany). Lower detection limit was 0.5 µg/L. 
Analytical total CV was 12-14% at levels between 19 and 55 µg/L. Serum adiponectin was 
measured using a latex particle-enhanced turbidimetric immunoassay (Cat Nr A0299, 
Randox Laboratories Limited, UK). Lower detection limit was 0.7 mg/L. Analytical CV 
was 1.9 - 2.8% at levels of 1.9 – 11 mg/L.

Statistical Analysis

In the NEO study there is an oversampling of persons with a BMI ≥27 kg/m2. To correctly 
represent associations in the general population, adjustments were made for the 
oversampling of individuals with BMI ≥27 kg/m2 (22). This was done by weighting 
individuals towards the BMI distribution of participants from the Leiderdorp municipality 
whose BMI distribution was similar to the BMI distribution in the general Dutch population 
(23, 24). All results were based on weighted analyses. Consequently, results apply to a 
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population-based study without oversampling of persons with a BMI ≥27 kg/m2. 
Baseline characteristics were stratified by serum 25(OH)D in three categories (>75 nmol/L, 
50-75 nmol/L and <50 nmol/L),  and presented as mean (standard deviation), median 
(interquartile range) or percentage. Because CRP and leptin concentrations were not 
normally distributed, they were transformed to the natural logarithm to normalize the 
distribution of the residuals. Linear regression analyses were used to examine the 
relationships between serum 25(OH)D and CRP, leptin and adiponectin. Because CRP and 
leptin were transformed to the natural logarithm, the regression coefficients were back 
transformed and expressed as percentage difference. Analyses were adjusted for age, sex, 
ethnicity, creatinine concentrations, education, alcohol use, smoking, physical activity, 
chronic diseases, season of collection of serum for 25(OH)D measurement and total body 
fat and waist circumference. Because serum 25(OH)D concentrations follow a sinusoidal 
pattern throughout the year, adjustment for season was performed using a cosinor model 
(25). In this model the variable t date of visit (month, day, year) was transformed as (1) 
Sin[(2π * t )/365.25] and (2) Cos[(2π * t)/365.25] and added as covariate to the regression 
models. Stratified analysis for sex and measures of adiposity were performed to test effect 
modification. For the stratified analyses, waist circumference was dichotomized into <88 
cm and ≥88 cm for women and <102 and ≥102 cm for men, total body fat was dichotomized 
into <40 and ≥40 % for women  and <28 and ≥28% for men, and BMI was dichotomized 
into <30 and >30 kg/m2 according to the WHO criteria for obesity. (26) Finally, we 
performed a sensitivity analysis excluding participants with CRP concentrations >10 mg/L. 
All data analyses were performed using STATA Statistical Software (Statacorp, College 
Station, Texas, USA), version 13.1. 

Results

A total of 6671 individuals were included in the NEO study. Individuals with missing data 
for serum 25(OH)D, CRP, leptin or adiponectin measurements (n=80) and potential 
confounders (n=304) were excluded. This resulted in the inclusion of 6287 participants in 
our analyses. Table 1 shows the baseline characteristics of the study population stratified 
by vitamin D status. Mean (SD) age was 56 (6) years and BMI was 26.3 (4.4) kg/m2 for the 
total population. Of the total population 21% had serum 25(OH)D concentrations less than 
50 nmol/L. Participants in the highest 25(OH)D stratum (> 75 nmol/L) had lower CRP 
and leptin concentrations and higher adiponectin concentrations compared to participants 
in the lowest 25(OH)D stratum (< 50 nmol/L) (Table 1). 
Associations of serum 25(OH)D with CRP, leptin and adiponectin concentrations are shown 
in Table 2. Serum 25(OH)D was inversely associated with CRP and leptin concentrations. 
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After adjustment for confounding factors (multivariate model), ten nmol/L higher serum 
25(OH)D was associated with 2.3% (95%CI: -4.0 to -0.5) lower CRP and 3.5% (-4.7 to -2.2) 
lower leptin concentrations. For adiponectin, a positive association with serum 25(OH)D 
was observed. Ten nmol/L higher serum 25(OH)D was associated with 0.13 ng/mL (0.04 
to 0.21) higher adiponectin concentrations. 
After adjustment for total body fat and waist circumference, associations of 25(OH)D with 
CRP and leptin concentrations largely disappeared: +0.3% (95%CI: -1.4 to +2.0) for CRP, 
and -0.6% (95%CI: -1.5 to +0.3) for leptin respectively. Adjustment for total body fat and 
waist circumference attenuated the associations of 25(OH)D with adiponectin 
concentrations with approximately 60%: B(95%CI): 0.05 ng/mL (0 0.03 to 0.13). When 
total body fat and waist circumference were added separately to the models, waist 
circumference showed a larger attenuation of the associations of vitamin D with CRP, leptin 

Table 1. Characteristics of participants aged 45-65 years of the Netherlands Epidemiology of Obesity study, 
stratified by serum 25(OH)D3 (nmol/L) category.

Characteristics Serum 25(OH)D  concentrations (nmol/L)

< 50 (21%) 50-75 (37%) > 75 (43%)

Age (year) 55 (7) 56 (6) 56 (6)

Sex (% women) 53 53 61

Ethnicity (%white) 86 96 98

Education (% high) 45 46 47

CRP (mg/L) 1.21 [0.61-2.66] 1.18 [0.63-2.43] 1.04 [0.54-2.09]

Leptin (ng/ml) 13.8 [6.8-25.2] 12.3 [6.7-23.1] 11.6 [6.7-21.1]

Adiponectin (ng/ml) 8.4 (5.4) 9.0 (4.8) 9.9 (4.7)

Creatinine (μmol/L) 75.7 (16.6) 76.7 (14.8) 76.7 (12.9)

BMI (kg/m2) 27.4 (5.9) 26.6 (4.4) 25.6 (3.6)

Waist circumference (cm) 94.9 (16.4) 93.2 (13.1) 89.8 (11.7)

Total body fat (%) 32.4 (10.3) 31.7 (9.0) 31.3 (7.5)

Physical activity (MET/h) 22.8 [11.0-43.8] 28.5 [15.0-46.3] 34.0 [19.5-55.5]

Smoking behavior (%)

Never 40 38 39

Former 41 45 48

Current 20 18 13

Alcohol consumption (gr/day) 8.0 [1.1-19.8] 10.2 [2.5-21.8] 10.4 [3.6-21.7]

Chronic diseasea (%) 32 27 23

Data are presented as mean (SD), median [interquartile range] or percentages. Results are based on analyses 
weighted towards the BMI distribution of the general population (n=6287).
a Chronic disease is defined as the presence of one or more of the following diseases: asthma, COPD, rheumatoid 
arthritis, diabetes mellitus, kidney disease, cancer, cardiovascular disease.
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and adiponectin concentration than total body fat (Table 3). No effect modification for sex 
or adiposity measures was observed. In addition, analyses excluding participants with CRP 
concentrations >10 mg/L did not show any differences (data not shown). 

Table 2. Associations of serum 25(OH)D concentrations with CRP, leptin and adiponectin in men and women 
participating in the Netherlands Epidemiology of Obesity study, aged between 45 and 65 years.

Age and sexa Multivariateb Multivariate  
+ TBF and WCc

Percentage difference (95% CI) per 10 nmol/L 25(OH)D

CRP -2.3% (-3.8 to -0.8) -2.3% (-4.0 to -0.5) +0.3% (-1.4 to +2.0)

Leptin -4.0% (-4.7 to -3.4) -3.5% (-4.7 to -2.2) -0.6% (-1.5 to +0.3)

Differences in ng/mL (95%CI) per 10 nmol/L 25(OH)D

Adiponectin 0.17 (0.12 to 0.21) 0.13 (0.04 to 0.21) 0.05 (0.03 to 0.13)

Results were based on analyses weighted towards the BMI distribution of the general population (n=6287), and 
were derived from regression coefficients with 95% confidence intervals from linear regression analyses and 
expressed as difference in outcome measure per 10 nmol/L 25(OH)D. Coefficients of CRP and leptin were back 
transformed after natural log transformation and expressed as percentage difference. 
aAdjusted for age and sex. 
bAdditionally adjusted for ethnicity, creatinine concentrations, physical activity, education, alcohol use, smoking, 
chronic diseases and season.
cAdditionally adjusted for total body fat and waist circumference.

Table 3. Associations of serum 25(OH)D concentrations with CRP, leptin and adiponectin in men and women 
participating in the Netherlands Epidemiology of Obesity study, aged between 45 and 65 years.

Multivariate + TBFa Multivariate + WCb

Percentage difference (95% CI) per 10 nmol/L 25(OH)D

CRP -0.4% (-2.1 to +1.3) +0.5% (-1.2 to +2.2)

Leptin -1.0% (-1.9 to -0.1) -0.2% (-1.2 to +0.8)

Difference in ng/mL (95%CI) per 10 nmol/L 25(OH)D

Adiponectin 0.08 (0.00 to 0.16) 0.05 (0.03 to 0.13)

Results were based on analyses weighted towards the BMI distribution of the general population (n=6287), and 
were derived from regression coefficients with 95% confidence intervals from linear regression analyses and 
expressed as difference in outcome measure per 10 nmol/L 25(OH)D. Coefficients of CRP and leptin were back 
transformed after natural log transformation. 
aAdjusted for age, sex, ethnicity, creatinine concentrations, physical activity, education, alcohol use, smoking, 
chronic diseases, season and total body fat.
bAdjusted for age, sex, ethnicity, creatinine concentrations, physical activity, education, alcohol use, smoking, 
chronic diseases, season and waist circumference.
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Discussion 

In the present study, we assessed the relationship of serum 25(OH)D with CRP, leptin and 
adiponectin and the influence of adiposity therein in a large well-characterized population-
based cohort study. Serum 25(OH)D was negatively associated with markers related to a 
pro-inflammatory state (CRP and leptin) and positively associated with markers related to 
an anti-inflammatory state (adiponectin). However, after adjustment for adiposity 
parameters the associations of 25(OH)D concentrations with serum CRP and leptin 
disappeared, and the association with serum adiponectin attenuated. 
Previous observational studies assessing the relationship between vitamin D concentrations 
and inflammation have shown inconsistent results.  Several studies found an inverse 
relationship between 25(OH)D concentrations and pro-inflammatory markers (7, 8, 27). 
Similar to our findings, in one study, inverse associations between serum 25(OH)D and 
pro-inflammatory markers disappeared after adjustments for adiposity (BMI and waist-
circumference) (12). In a population-based cohort of 2723 individuals, a U-shaped 
association between vitamin D and CRP concentrations was observed, suggesting a potential 
anti-inflammatory effect of vitamin D until a certain concentration(10). The underlying 
mechanism, however, could not be explained. In contrast, other studies did not observe 
relationships of vitamin D with various markers of inflammation (11, 13, 14). The 
contradictory findings in previous studies may be explained by different factors. Studies 
that demonstrated associations were more often performed in participants of older age 
(60+), and the majority of the participants in these studies were vitamin D-deficient 
(25(OH)D < 50 nmol/L). Studies also varied in population characteristics: some studies 
used data from participants with inflammatory and cardiovascular disease (8, 15), while 
others studied population-based or aging cohorts. Another explanation may lie in to what 
extent different potential confounders were adjusted for. Most studies only used BMI as a 
measure for adiposity (5-7, 9, 11, 14), while two studies did not adjust for adiposity at all 
(8, 15). Finally, some studies did not adjust for lifestyle factors such as smoking, physical 
activity and alcohol use while this might affect the associations (5, 8, 13, 15). 
In the present study, the relationship of vitamin D with CRP, leptin and adiponectin is 
largely explained by the presence of adiposity. We suggest that adiposity is the common 
denominator of both vitamin D deficiency and low-grade chronic inflammation (16, 17). 
Several mechanisms are hypothesized to underlie the potential influence of adiposity on 
25(OH)D concentrations. First, vitamin D could be sequestrated by adipose tissue leading 
to less circulating 25(OH)D. Second, overweight individuals could be less exposed to 
sunlight because of a decrease in outdoor activities and more frequent use of sun protecting 
measures such as protective clothing and sun-blocking agents.  Alternatively, adipose tissue 
enhances degradation of the active 1,25-dihydroxyvitamin D (1,25(OH)2D) due to an 
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overexpression of the degrading enzyme 24-hydroxylase (CYP24A1) (28, 29). Regarding 
inflammation, chronic low-grade inflammatory responses are observed in overweight or 
obese conditions (18). The expression of pro-inflammatory cytokines, chemokines and 
other molecules, such as TNF-α, IL-6, CRP and leptin, is increased, whereas anti-
inflammatory cytokines and mediators such as IL-10 and adiponectin concentrations are 
decreased (30).
In this study, an attenuated association between vitamin D and adiponectin persisted after 
adjustments. This could be due to potential residual confounding. However, if this is an 
actual relationship, this could suggest that the effects of vitamin D on the immune system 
are explained by its anti-inflammatory effects, rather than an inhibition of the pro-
inflammatory effects. Different explanations for an actual positive association can be 
suggested. First, 1,25(OH)2D is hypothesized to affect adiponectin concentrations via the 
renin-angiotensin-aldosterone system (RAAS) (31). Decreased RAAS activity is associated 
with increased adiponectin production. Since 1,25(OH)2D is observed to inhibit the RAAS, 
increased 1,25(OH)2D can contribute to increased adiponectin concentrations (31). Second, 
1,25(OH)2D may regulate adiponectin concentrations via the regulation of TNF-α, as this 
cytokine appears to be involved in the production of adiponectin (32, 33). Further research 
into a potential causal relationship of vitamin D with adiponectin concentrations and 
potential underlying mechanisms are needed. 
The effects of vitamin D on CRP and adipokine concentrations have been studied in in 
several RCTs. In a meta-analysis of ten trials, a significant effect of vitamin D 
supplementation on CRP concentrations was found which, however, was very small (34). 
In addition, because of significant heterogeneity, results should be carefully interpreted. 
No significant effect of vitamin D supplementation on adiponectin and leptin was observed 
in another meta-analysis (35). 
Our study has several strengths. We used data from a population-based cohort with a large 
sample size. In addition, while most previous observational studies used (hs)CRP as a 
generally accepted marker for inflammation, we included additional markers that influence 
inflammatory status i.e. leptin and adiponectin in this study. Furthermore, our phenotypically 
well-described cohort allows adjustment for potential relevant confounding factors that were 
not taken into account in all previous studies. Finally, we focused on the specific role of 
overall and abdominal adiposity in the relationship of vitamin D with inflammation.
Major limitations of our study arise from the cross-sectional design and therefore, neither 
causality nor direction of associations can be determined. A second limitation is the use of 
serum 25(OH)D as the explanatory variable whilst the active metabolite involved in 
immune regulation is 1,25(OH)2D. Although serum 25(OH)D is generally accepted as a 
good marker for vitamin D status, it might therefore not adequately represent local 
1,25(OH)2D concentrations (51). Third, during the study period, serum 25(OH)D 
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measurements were performed by three different assays. To minimize possible variations, 
we calibrated our serum 25(OH)D measurements to the golden standard LC-MS/MS. 
Finally, 80% of the participants had adequate 25(OH)D concentrations. Several studies 
suggest that the immunoregulatory effect of vitamin D may specifically play a role in states 
of vitamin D deficiency (8). 
In summary, our study confirms a negative relationship between serum 25(OH)D and the 
pro-inflammatory CRP and leptin and a positive relationship with the anti-inflammatory 
adiponectin. However, the relationships are largely explained by the presence of adiposity. 
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