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Abstract
Objective: To investigate whether vitamin D status predicts weight gain or increase
in waist circumference during the 11-year follow-up in general adult population.
Design: A population-based longitudinal study.
Setting: The study was conducted using data from the nationally representative
Health 2000/2011 Survey. The analyses were based on regression models adjusted
for sociodemographic and lifestyle factors.
Participants: Weight, waist circumference and vitamin D status (serum 25-
hydroxyvitamin D concentration analysed with radioimmunoassay) were mea-
sured from 2924 participants aged 30–64 years at baseline.
Results: In men, low vitamin D status at baseline predicted ≥10 % increase in waist
circumference during the follow-upwhen adjusted for age only (OR for sufficient v.
deficient S-25(OH)D 0·41; 95 % CI 0·25, 0·67; P for trend<0·01), but the association
with weight gain was only borderline significant. After adjustment for potential
confounders, low vitamin D status remained a significant predictor of increase
in waist circumference, but the association with weight gain was further attenu-
ated. In women, vitamin D status at baseline did not predict weight gain or increase
in waist circumference.
Conclusions:Our results suggest that vitamin D insufficiencymay be a risk factor of
abdominal obesity amongmen but not amongwomen. Inmen, it may also increase
the risk of weight gain. Further studies are required to confirm these findings and
examine potential mechanisms behind them. There is also a possibility that vitamin
D is a biomarker of healthy lifestyle rather than an independent risk factor for
obesity.
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Obesity is a major and increasing public health concern
worldwide which is associated with several adverse health
consequences(1). In high-income countries, the USA has
the highest adult obesity prevalence at about 30 %(1). In
Finland, over half of the adult population is at least over-
weight (BMI≥ 25 kg/m2) and every fifth adult of them is
obese (BMI≥ 30 kg/m2)(2). Vitamin D inadequacy is associ-
ated with impaired skeletal function, and it may increase
the risk of many other chronic diseases and public health
concerns(3). It has also been suggested that there may be
a link between vitamin D status and obesity(4).

Two recent meta-analyses based on cross-sectional data
have shown that there is an inverse association between
vitamin D status and BMI in adults(5) and that vitamin D

insufficiency ismore common in obese than normal-weight
subjects(6). There are some suggested biological mecha-
nisms behind this association, for example, decreased bio-
availability of vitamin D in obese subjects(7). On the other
hand, the inverse association may be explained by the life-
style differences between normal-weight and obese sub-
jects(8). However, the evidence from longitudinal studies
is limited and the results are controversial also suggesting
the possibility that the association between vitamin D status
and obesity may work both ways, vitamin D status as a pre-
dictor of obesity and vice versa. In brief, the previous longi-
tudinal studies have shown that (i) low vitamin D status
predicts obesity(9,10); (ii) BMI at baseline is inversely asso-
ciated with the change in vitamin D status(11); (iii) increase
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in BMI is associated with a decrease in vitamin D status and
vice versa(12) or (iv) no statistically significant association(13,14).
Thus, more information based on large-scale, longitudinal
population-based studies are needed to clarify the temporal
aspects of the inverse association between vitamin D status
and obesity. The present study fills this gap in the literature
by examining whether vitamin D status predicts weight gain
or increase inwaist circumference during 11-year follow-up in
general adult population.

Materials and methods

Study populations
The current study is based on a nationally representative
sample of Finnish adults from the Health 2000 Survey
(H2000), conducted in 2000–2001(15), and its follow-up,
the Health 2011 Survey (H2011), conducted in 2011–
2012(16). In H2000, a two-stage stratified cluster sample
(n 9922) was drawn from the nationwide population
register in Finland. All members of the H2000 sample,
who were living in Finland in 2011 and had not refused
to be invited to further studies, were invited to H2011
(n 8135). The participation rates in baseline and follow-up
health examinations were 85 and 59%, respectively. The
present study included participants who were 30–64 years
old at baseline, for whom serum 25-hydroxyvitamin D
(S-25(OH)D) concentration, a measure of vitamin D status,
was available at baseline, whose weight and height were
measured both at baseline and follow-up and who were not
pregnant at either time point. The final data included 1342
men and 1582 women.

H2000 was approved by the Ethical Committee for
Research in Epidemiology and Public Health whereas
H2011 by the Coordinating Ethics Committee at the
Hospital District of Helsinki and Uusimaa in Finland.
Both studies were conducted according to the guidelines
laid down in the Declaration of Helsinki. Written informed
consent was obtained from all participants.

Background variables
The survey methodologies were largely the same in the
H2000 and H2011 surveys including questionnaires, inter-
views and a comprehensive health examination(15,16).
Information on age and sex was obtained from the
Population Register Centre. Interviews and self-administered
questionnaires provided information on sociodemographic
background and lifestyle. Education was dichotomised into
high education (at least Bachelor's level education) v. middle
or low education and marital status into being married or
cohabiting v. single, divorced orwidow/er. The question con-
cerning leisure-time physical activity included four catego-
ries: ‘(i) in my leisure time I read, watch TV and do other
activities in which I do not move much and which do
not strain me physically; (ii) in my leisure time I walk, cycle
and move in other ways at least 4 h per week; (iii) in my

leisure time, I exercise at least 3 h per week and (iv) in
my leisure time, I practice regularly several times per week
for competition’ and for the analysis it was dichotomised
into physically active at leisure time (categories 2–4) v. inac-
tive. Smoking status was dichotomised into current smok-
ing v. never or former smoking and alcohol consumption to
low to moderate alcohol consumption (1–199 g/week in
men and 1–99 g/week in women) v. non-consumption or
high consumption.

Anthropometric measurements
Height was measured using a stadiometer. Weight was pri-
marily measured as a part of bioimpedance body compo-
sition analysis (InBody 3.0 in H2000 and Seca 514 in
H2011) in light clothing without shoes. If bioimpedance
analysis was not possible, weight was alternatively mea-
sured with floor scale. BMI was calculated as weight (kg)
divided by height squared (m2). Waist circumference was
measured on the bare skin in standing position from the
mid-point between the lowest rib bones and the high point
of the iliac crest.

Measurement of serum 25-hydroxyvitamin D
Fasting (≥4 h) blood samples were drawn in the health
examination between September 2000 and March 2001
and stored at –70 °C. S-25(OH)D concentration was analysed
by radioimmunoassay (Diasorin) between January 2001 and
November 2002. The interassay CV for S-25(OH)D con-
centration measurements was 7·80 % at the mean level of
47·3 nmol/l. S-25(OH)D was categorised as deficient
(<30 nmol/l), insufficient (30−49 nmol/l) and sufficient
(≥50 nmol/l) according to Institute of medicine definitions(17).
The season of blood samplingwas dichotomised into autumn
months (September, October) andwintermonths (November
to March).

Statistical methods
All analyses were carried out using SAS 9.3(18) and SUDAAN
11.0.1(19) taking into account the sampling design. The
inverse probability weights were used in all analysis (exclud-
ing analysis of baseline characteristics) to correct the effects of
non-participation(20,21).

Logistic regression was used to estimate the weighted
ORs and 95 % CI for ≥5 and ≥10 % weight gain and ≥5
and ≥10 % increase in waist circumference according to
categories of S-25(OH)D concentration at baseline. The
cut-offs were selected based on the recommendation that
5–10 % weight loss offers health benefits(22). The weighted
mean changes in weight or in waist circumference during
the follow-up and their 95 % CI were based on predictive
margins(23) analysed with linear regression. Test for trend
was done across categories of S-25(OH)D at baseline using
the Wald test. Potential effect modification by sex, blood
sampling season (November to March v. other) and either
BMI at baseline (weight gain; normalweight defined as BMI
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<25 kg/m2 v. other(22)) or waist circumference at baseline
(<102 cm in men or <88 cm in women v. other(22)) were
evaluated by including the interaction term between
S-25(OH)D concentration and potential effect modifier
in age- and sex-adjusted model one at a time. The asso-
ciation between S-25(OH)D at baseline and weight gain
was not modified by sex, blood sampling season or BMI
at baseline (all P values for interaction >0·30). Further,
the association between S-25(OH)D at baseline and
increase in waist circumference was not modified by
either blood sampling season or waist circumference at
baseline (both P values for interaction >0·30), but it was
modified by sex (P for interaction <0·01). Therefore, all
the analyses were stratified by sex.

In model 1, the analyses were adjusted for age at base-
line (categorical: 30–39, 40–49, 50–59, 60–64 years). In
model 2, the analyses were further adjusted for either
weight at baseline or waist circumference at baseline.
Other potential confounding factors, originally chosen
based on literature, which were associated (P < 0·20) with
S-25(OH)D at baseline and ≥10 % weight gain and ≥10 %
increase in waist circumference during the follow-up were
included in model 3. Thus, model 3 included age at base-
line, marital status, education, leisure-time physical activity,
smoking status and alcohol consumption.

The season of blood sampling (September to October v.
November to March) did not meet the criteria of effect
modifying or confounding factor as defined above.
However, because the season of blood sampling is known
to be very strongly associated with vitamin D status, the main
analyses (≥10% weight gain and ≥10% increase in waist

circumference) were repeated by including the season of
blood sampling to the models 1 and 3.

Results

At baseline, the mean age of the participants was 46 years
and 54 % were women. Almost 80 % of the participants
weremarried or cohabiting. About one-third of men and over
40% of women had high education. Further, over 70% of the
participants were physically active at leisure time and 70% of
men and 76% of women were non-smokers.

Themean S-25(OH)D concentrations at baseline in men
andwomenwere 45 and 46 nmol/l, respectively. Older age
was associated with higher vitamin D status in both men
and women (Table 1). Further, those who had a higher
education were more likely to have sufficient vitamin D sta-
tus than participants with lower education. Participants
with sufficient vitamin D status also had a healthier lifestyle
comparedwith thosewith low vitamin D status, that is, they
were more likely to be non-smokers, physically active at
leisure time and moderate alcohol consumers. In addition,
waist circumference at baseline was lower among those
participants with sufficient vitamin D status compared with
those with insufficient or deficient vitamin D status. In
women, similar association was found regarding weight
at baseline.

In men, there was a borderline statistically significant
inverse association between vitamin D status at baseline
and≥10 %weight gain during the follow-upwhen adjusted
for age only (OR for the categories of sufficient v. deficient

Table 1 Baseline characteristics of participants (means or prevalences with 95%CIs) according to categories of serum 25-hydroxyvitamin D
(S-25(OH)D) concentration adjusted for age

S-25(OH)D, nmol/l*

<30 (deficient) 30–49 (insufficient) ≥50 (sufficient)

Mean or % 95% CI Mean or % 95% CI Mean or % 95% CI P for trend

Men
Age (years)† 42·9 41·6, 44·1 46·5 45·8, 47·2 47·9 47·1, 48·7 <0·01
Being married or cohabiting 72·2 65·7, 77·9 80·9 77·8, 83·8 81·2 77·5, 84·5 0·03
High education 25·0 19·5, 31·3 28·6 25·3, 32·2 35·1 31·0, 39·4 <0·01
Physically active at leisure time 65·7 58·7, 72·0 75·3 71·8, 78·5 82·3 78·6, 85·4 <0·01
Non-smokers 62·3 55·8, 68·9 68·5 64·9, 72·0 75·7 71·7, 79·3 <0·01
Moderate alcohol consumption‡ 55·1 47·9, 62·0 62·3 58·5, 65·9 67·1 62·8, 71·1 <0·01
Weight (kg) 84·8 82·9, 86·7 85·7 84·6, 86·8 83·5 82·4, 84·5 0·05
Waist circumference (cm) 97·8 96·3, 99·3 97·8 97·0, 98·7 95·3 94·5, 96·2 <0·01

Women
Age (years)† 43·0 41·9, 44·2 45·9 45·3, 46·6 48·4 47·6, 49·2 <0·01
Being married or cohabiting 72·3 65·9, 77·9 75·2 72·2, 78·1 78·3 74·6, 81·5 0·07
High education 36·9 30·9, 43·2 43·0 39·7, 46·4 45·2 41·1, 49·4 0·05
Physically active at leisure time 69·2 62·7, 75·0 78·3 75·4, 81·0 83·9 80·5, 86·8 <0·01
Non-smokers 73·7 67·8, 78·9 75·2 72·1, 78·0 80·1 76·5, 83·4 0·02
Moderate alcohol consumption‡ 55·4 48·7, 61·9 59·0 55·6, 62·3 62·8 58·6, 66·7 0·05
Weight (kg) 71·5 69·7, 73·4 71·2 70·2, 72·1 67·4 66·4, 68·3 <0·01
Waist circumference (cm) 87·9 86·2, 89·5 87·3 86·4, 88·1 83·6 82·7, 84·5 <0·01

The values are age-adjusted (30–39, 40–49, 50–59, 60þ years) means or prevalences and their 95% CIs.
*Men: deficient, n 196; insufficient, n 652; sufficient, n 494; women deficient, n 221; insufficient, n 815; sufficient, n 546.
†Not adjusted for age.
‡Moderate alcohol consumption: in men 1–199 g/week, in women 1–99 g/week.
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vitamin D status 0·60; 95 % CI 0·37, 0·97; P for trend 0·07)
(Table 2). Adjustment for weight at baseline (Table 2,
model 2) did not change the results. After adjustment for
sociodemographic and lifestyle factors, the observed asso-
ciation was attenuated (OR for the categories of sufficient v.
deficient vitamin D status 0·70; 95 % CI 0·42, 1·18; P for
trend 0·23).When focusing on≥5 %weight gain, the results
were parallel, but weaker. Low vitamin D status at baseline
predicted≥10 % increase inwaist circumference inmodel 1
(OR for the categories of sufficient v. deficient vitamin D
status 0·41; 95 % CI 0·25, 0·67; P for trend <0·01) and this
association remained significant after adjustment for socio-
demographic and lifestyle factors (OR for the categories of
sufficient v. deficient vitamin D status 0·45; 95 % CI 0·26,
0·77; P for trend <0·01). Adjustment for waist circumfer-
ence at baseline (Table 2, model 2) did not change the

results. Similar, but slightly weaker, results were observed
when the cut-off point was set at ≥5 % increase in waist
circumference.

In women, vitamin D status at baseline predicted nei-
ther weight gain (OR for the categories of sufficient v.
deficient vitamin D status 0·80 95 % CI 0·55, 1·16; P for
trend 0·29) nor increase in waist circumference (OR for
the categories of sufficient v. deficient vitamin D status
0·83 95 % CI 0·57, 1·20; P for trend 0·35) (Table 2).
Adjusting for relevant confounders changed the esti-
mates only minimally.

Repeating the main analysis concerning ≥10 % weight
gain and ≥10 % increase in waist circumference during
the follow-up by including the season of blood sampling
in the models did not notably change the results neither
in men nor in women (Supplementary Table 1).

Table 2 Weighted ORs and their 95% CIs for weight gain and increase in waist circumference according to categories of serum
25-hydroxyvitamin D (S-25(OH)D) at baseline stratified by sex

S-25(OH)D (nmol/l) at baseline*

<30 (deficient) 30−49 (insufficient) ≥ 50 (sufficient)

P for trendOR OR 95% CI OR 95% CI

Men
Weight gain ≥10%, n 38 75 50
Model 1† 1·00 0·64 0·41, 1·01 0·60 0·37, 0·97 0·07
Model 2‡ 1·00 0·64 0·41, 1·01 0·61 0·38, 0·98 0·07
Model 3§ 1·00 0·73 0·45, 1·18 0·70 0·42, 1·18 0·23

Weight gain ≥5%, n 74 189 122
Model 1† 1·00 0·82 0·57, 1·17 0·72 0·50, 1·05 0·09
Model 2‡ 1·00 0·82 0·57, 1·17 0·72 0·50, 1·05 0·09
Model 3§ 1·00 0·90 0·62, 1·31 0·80 0·54, 1·19 0·24

WC increasing ≥10%, n 38 95 39
Model 1† 1·00 0·79 0·51, 1·23 0·41 0·25, 0·67 <0·01
Model 2‖ 1·00 0·79 0·51, 1·23 0·40 0·24, 0·65 <0·01
Model 3§ 1·00 0·87 0·55, 1·38 0·45 0·26, 0·77 <0·01

WC increasing ≥5%, n 86 206 138
Model 1† 1·00 0·65 0·47, 0·91 0·58 0·41, 0·83 0·01
Model 2‖ 1·00 0·65 0·47, 0·91 0·56 0·39, 0·80 <0·01
Model 3§ 1·00 0·70 0·49, 0·99 0·62 0·43, 0·89 0·02

Women
Weight gain ≥10%, n 70 199 116
Model 1† 1·00 0·83 0·59, 1·17 0·80 0·55, 1·16 0·29
Model 2‡ 1·00 0·83 0·59, 1·17 0·79 0·55, 1·15 0·27
Model 3§ 1·00 0·90 0·63, 1·27 0·92 0·64, 1·35 0·78

Weight gain ≥5%, n 107 341 228
Model 1† 1·00 0·91 0·67, 1·24 1·06 0·76, 1·47 0·49
Model 2‡ 1·00 0·91 0·67, 1·24 1·02 0·73, 1·42 0·70
Model 3§ 1·00 0·94 0·68, 1·29 1·14 0·82, 1·60 0·24

WC increasing ≥10%, n 62 192 116
Model 1† 1·00 0·87 0·62, 1·22 0·83 0·57, 1·20 0·35
Model 2‖ 1·00 0·86 0·61, 1·21 0·76 0·53, 1·10 0·15
Model 3§ 1·00 0·88 0·63, 1·25 0·89 0·61, 1·29 0·60

WC increasing ≥5%, n 86 206 138
Model 1† 1·00 0·87 0·64, 1·17 0·86 0·63, 1·20 0·47
Model 2‖ 1·00 0·85 0·63, 1·16 0·78 0·56, 1·09 0·15
Model 3§ 1·00 0·88 0·64, 1·20 0·93 0·67, 1·29 0·84

P value for interaction between sex and S-25(OH)D at baseline <0·001 for ≥10% increase in waist circumference.
WC, waist circumference.
*Men: deficient, n 196; insufficient, n 652; sufficient, n 494; women deficient, n 221; insufficient, n 815; sufficient, n 546.
†Adjusted for age (30–39, 40–49, 50–59, 60–69, 70–79) at baseline.
‡Adjusted for age (30–39, 40–49, 50–59, 60–69, 70–79) at baseline and weight at baseline (continuous).
§Adjusted for age (30–39, 40–49, 50–59, 60–69, 70–79) at baseline, marital status (being married v. other), education (high education v. other), leisure-time physical activity
(yes, no), smoking (yes, no), moderate (in men 1–199 g/week, in women 1–99 g/week) alcohol consumption (yes, no) at baseline.
‖Adjusted for age (30–39, 40–49, 50–59, 60–69, 70–79) at baseline and waist circumference at baseline (continuous).
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The results were parallel when analysing the data with
linear regression models and using the continuous change
in weight or waist circumference as an outcome variable
(Supplementary Table 2). In men, there was an inverse
association between vitamin D status at baseline and
increase in waist circumference during the follow-up also
after controlling for the potential confounders (P for trend
0·01). When focusing on weight gain in men, the associa-
tion was slightly weaker but remained statistically signifi-
cant (P for trend 0·01). In women, there were no
significant associations between vitamin D status at base-
line andweight gain or increase inwaist circumference dur-
ing the follow-up.

Discussion

Major findings
The present prospective population-based study showed
that insufficient vitamin D status at baseline predicted the
increase in waist circumference in men during the 11-year
follow-up. This association remained significant also after
adjustment for sociodemographic and lifestyle factors.
Further, in men, there was a borderline significant associ-
ation between low vitamin D status at baseline and weight
gain during the follow-up when adjusted for age only. This
association was further attenuated after adjustment for
potential confounders. In women, vitamin D status at base-
line did not predict weight gain or increase in waist circum-
ference during the follow-up.

Regarding weight gain, our results are in line with a pre-
vious prospective study carried out among older women in
the USA which concluded that vitamin D status at the base-
line was not associated with the change in weight during
5-year follow-up(14). Further, Vogt et al.(24) have found that
in a German cohort of older adults, S-25(OH)D at baseline
was not associated with overall weight change during
3-year follow-up either men or women. However, they
found that vitamin D status was inversely associated with
≥3% body fat gain, measured by bioelectrical impedance
analysis, during the follow-up in women, but not in men(24).

Abdominal obesity is associated with many harmful
health effects(25). We found that in men, low vitamin D sta-
tus at baseline was a significant predictor of increase in
waist circumference, an indicator of abdominal obesity.
There are some suggestions of biological mechanisms
which may support this finding. First, the presence of
vitamin D receptors (VDR) in adipose tissue and its ability
to synthesise 1,25-dihydroxyvitamin D, the active form of
vitamin D, suggest that vitamin D may have some role in
the regulation of adipose tissue(4). Second, one possible
mechanism is that vitamin D may have anti-obesity effects
by affecting the gene expression related to adipocyte differ-
entiation, lipolysis and lipogenesis(4). On the other hand,
some researchers have suggested that other factors, such
as elevated parathormone (PTH) concentration, which

are linkedwith both low vitamin D status and increased risk
of obesity, may explain the association(4). We have no
explanation for our finding that the results were significant
only for men, but not for women. In contrast to our results,
Mai et al.(9) have found a similar inverse association,
defined by both BMI and waist circumference, in both
sexes. Further, Lehtinen-Jacks et al.(26) have found among
middle-aged Swedish women that observed inverse asso-
ciation between vitamin D status and waist-to-hip ratio at
baseline persisted but did not increase during the 32-year
follow-up.

Thus, the evidence on the association between vitamin D
status and obesity is still controversial. However, there are
also some challenges when comparing the results from
studies based on differentially selected subpopulations
according to sex (e.g. ref. 14), age (e.g. ref. 14) or ethnic sub-
group (e.g. ref. 13). Also themeasures of obesity varywidely
between the studies and both continuous outcomes (e.g. ref.
13) and incidence of obesity with different cut-off points
have been used (e.g. ref. 9). One challenge in our study
was to find the ideal cut-off points for our outcome variables.
We decided to use ≥5 and ≥10% cut-offs based on the
recommendation that 5–10% weight loss offers health
benefits(22). However, we found similar results when analy-
sing the data with linear regression model using continuous
outcome variables. Furthermore, although we found in
men the inverse association between vitamin D status and
increase in waist circumference also after adjustment for
sociodemographic and lifestyle factors, there is still a
possibility of residual confounding. In previous studies,
vitaminD status has shown to be associatedwithwide range
of sociodemographic, lifestyle and metabolic health-related
factors(27) suggesting the possibility that vitamin D is a bio-
marker of healthy lifestyle rather than independent risk
factor for obesity.

Methodological issues
The strengths of the present study include a representative
population-based sample which has been examined at two
time points with the same reliable methods(15,16). Weight
and waist circumference were measured by trained nurses
with standardisedmethods, and vitamin D statuswas deter-
mined based on S-25(OH)D concentrations reflecting both
dietary intake and exposure to ultraviolet radiation. We
also had a possibility to take into account a variety of poten-
tial confounding and effect modifying factors.

As to limitations, the participation rate in 2011was lower
compared with 2000, especially among men, in younger
age groups and among those with low education(20).
However, we used the inverse probability weights that take
into account the increased non-participation in our analy-
ses to handle the missing data(20). In addition, it is well
known that vitamin D status varies by season. In our study,
the blood samples were collected from September 2000 to
March 2001, and themean S-25(OH)D concentrationswere
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highest in September and lowest in February and March.
However, the month of blood sampling did not meet the
criteria of a confounding factor, because it was only asso-
ciated with vitamin D status at baseline (exposure), but not
with weight gain or increase in waist circumference (out-
comes). Further, the month of blood sampling did not
modify the association between vitaminD status at baseline
and weight gain or increase in waist circumference (P for
interactions >0·30). Thus, repeating the main analyses by
including the season of blood sampling in the models 1
and 3 did not change the results, and we assume that sea-
sonal variation may have only minor effects to the results.
Further, it is also well-known that there is variation in
results analysed with different assays when measuring vita-
min D status(28). The immunoassay methods for example
typically overestimate the results 10–20 %(29). However,
the original Health 2000 S-25(OH)D results determined
by radioimmunoassay have been recently standardised
according to Vitamin D Standardization Program (VDSP,
protocol described in Cashman et al.(30)). Only minor
differences have been observed between the original(27)

and standardised results(31). Furthermore, one potential
limitation of our study is that we did not stratify the analyses
according to vitaminD supplement use. This was due to the
low prevalence (11 %) of vitamin D supplement users in
Finland in 2000–2001 when H2000 was carried out(31).
Finally, a systematic vitamin D fortification of fluid milk
products and fat spreads was started in Finland in 2003
and was doubled in 2010. As a result, the vitamin D status
of the Finnish adult population has improved after the
H2000 blood samples were collected(31). However, the
vitamin D status of the Finnish adult population had been
low decades(32) before the systematic fortification policy
started. Further, the recommendation for the fortification
levels was doubled in 2010 which was just before our
follow-up time ended, and therefore the increased fortifica-
tion is not likely to explain our results.

In conclusion, our findings suggest that vitamin D insuf-
ficiency may be a risk factor of abdominal obesity in men
but not among women. In men, insufficient vitamin D sta-
tusmay also increase the risk ofweight gain. Further studies
are required to confirm the associations and examine
potentialmechanisms behind them. There is also a possibil-
ity that vitamin D is a biomarker of healthy lifestyle rather
than a risk factor for obesity.
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consent was obtained from all participants.
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