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Context: Low vitamin D levels in adulthood have been associated with cardiovascular disease.

Objective: To investigate if low vitamin D levels in childhood are related with increased carotid
artery intima-media thickness (IMT) in adulthood.

Design, Setting, and Participants: The analyses included 2148 subjects from the Cardiovascular Risk
in Young Finns Study, aged 3–18 years at baseline (in 1980). Subjects were re-examined at age
30–45 years (in 2007). Childhood levels of 25-hydroxy-vitamin D were measured from stored serum
in 2010.

Main Outcome Measure: The carotid artery IMT from 2007 was used.

Results: When adjusted for age, sex, and childhood risk factors, continuous data of childhood 25-OH vita-
minwas inverselyassociatedwithadulthoodcarotid IMTlevelsamongfemales (��SE�0.006�0.003,P�

0.03), but not among males (0.001 � 0.004, P � 0.88). Children with 25-OH vitamin D levels in the lowest
quartile (�40 nmol/L) had significantly increased odds of having high-risk IMT (highest decile of common
carotidorcarotidbulbIMTorcarotidplaque)asadults,inanalysesadjustedforage,sexandeitherchildhood
risk factors (odds ratio 1.70 [95 % CI 1.15–2.31], P � 0.0007) or adult risk factors, including adult vitamin D
levels (odds ratio 1.80 [1.30–2.48], P � 0.0004). In sex-specific analyses, these associations were significant
both in females and males (P always �0.05). In sensitivity analyses, those with childhood vitamin D levels in
the lowest quintile (�37 nmol/L), gave similar results to those using a quartile cut-point.

Conclusions: Low 25-OH vitamin D levels in childhood were associated with increased carotid IMT
in adulthood. (J Clin Endocrinol Metab 100: 0000–0000, 2015)
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The importance of vitamin D in bone metabolism is well
known. There is increasing interest in the association

between vitamin D and atherosclerotic disease (1, 2). For
example, low levels of vitamin D have been shown to be
related to increased risk of stroke, myocardial infarction
(MI), and total cardiovascular events (3–8). However a
meta-analysis of 51 trials showed that vitamin D-raising
interventions were not associated with significant benefi-
cial effects on MI or stroke (9).

Increased carotid intima-media thickness (IMT) is a
marker of structural atherosclerosis, which correlates
with cardiovascular risk factors (10), and predicts cardio-
vascular events (11). Carotid IMT has been widely used as
a surrogate measure of atherosclerosis in epidemiological
studies. A number of childhood risk factors, including dys-
lipidemia, elevated blood pressure (BP), smoking, and in-
creased body mass index (BMI) are associated with in-
creased carotid IMT in adulthood (10, 12–15). Results
from adult cohorts have been controversial concerning the
association between vitamin D levels and carotid IMT.
Some studies have observed significant associations (16,
17), whereas in others vitamin D has not been indepen-
dently related with IMT (18, 19). However, there is pau-
city of information concerning the association between
childhood vitamin D and subclinical atherosclerosis in
adulthood. In addition, recent research has suggested sex-
specific effects of vitamin D on cardiometabolic risk mark-
ers (20), but there is a need for additional prospective data.

Vitamin D deficiency and insufficiency are highly prev-
alent among children worldwide (21). We therefore ex-
amined the relationship between low childhood vitamin D
levels and adult carotid IMT. The 2148 subjects (1,187
females, 961 males) were participants of the prospective
Cardiovascular Risk in Young Finns Study with serum
concentrations of 25-hydroxy-vitamin D measured from
stored frozen samples taken at the age of 3–18 years in
1980 (and analyzed in 2010), and carotid ultrasound stud-
ies performed 27 years later in adulthood (22).

Materials and Methods

Subjects
The Cardiovascular Risk in Young Finns Study is a multi-

center follow-up study of atherosclerosis precursors of Finnish
children and adolescents (22). The first cross-sectional survey
was conducted in 1980, when 3596 participants, aged 3, 6, 9, 12,
15, and 18 years, were randomly chosen from the five study areas
on the basis of the national population register. In the 27-year
follow-up in 2007, we performed vascular ultrasound studies in
2204 of these individuals, aged 30–45 years. For this study,
2148 individuals who had data on 25-OH vitamin D from base-
line and carotid IMT at the 27-year follow-up were included. The
study has been approved by local Ethics committees and all sub-

jects and/or their parents gave written informed consents. The
authors have had full access to the data and take full responsi-
bility for their integrity.

Vitamin D measurements
Childhood serum samples were taken in 1980, stored at

�20°C and analyzed in 2010. The follow-up serum samples were
taken in 2007, stored at �70°C and analyzed in 2008. Serum
25-OH vitamin D was analyzed by radioimmunoassay (RIA)
(DiaSorin, Inc.) at both time points. The limit of detection was
3.8 nmol/L. The interassay coefficient of variation (CV) was
8.5% (n � 128) at the level of 35.7 nmol/L, and 8.8% (n � 113)
at the level of 135.3 nmol/L. We categorized individuals into the
lowest quartile (�40 nmol/L) or quintile (�37 nmol/L) for low
25-OH vitamin D.

Cardiovascular risk factors
In childhood and adulthood, height and weight were mea-

sured, and BMI calculated as weight, kg/(height, m)2. At base-
line, BP was measured from the brachial artery using a standard
mercury sphygmomanometer. From 3-year-olds, BP was mea-
sured with an ultrasound device. At the 2007 assessment, BP was
measured using a random-zero sphygmomanometer. At each
time point, the average of three measurements was used in the
analysis. For the determination of serum lipid levels, venous
blood samples were drawn after an overnight fast (22). Infor-
mation on diet in childhood was obtained with a questionnaire
on food choices and dietary behavior, including a short 19-item
nonquantitative food frequency question. In adulthood, the par-
ticipants completed a more comprehensive 128-item food fre-
quency questionnaire that provided an estimate of food con-
sumption in grams per day. In childhood, at age 12–18 years,
smoking data were collected using the questionnaire, together
with a confidential medical history that was taken with the par-
ents absent. Smoking was defined as smoking cigarettes on a
weekly basis or more often. In adulthood, those smoking daily
were considered smokers. Physical activity was assessed with
questions concerning the frequency and intensity of physical ac-
tivity and a physical activity index was calculated based on the
variables as previously described (23). There were two different
kinds of physical activity questionnaires for the younger (3- to
6-year olds, a parent-completed questionnaire) and older chil-
dren (9- to 18-year-olds, self-completed questionnaire). The cal-
culated physical activity indices were age-standardized to allow
comparison across age groups. In childhood, the length of time
that parents spent in education was considered an indicator of
socio-economic status, whereas in adulthood, the participant’s
own duration of study was used in the analyses.

Carotid artery studies
Ultrasound studies were performed using Sequoia 512 ultra-

sound mainframes (Acuson) with 13.0 MHz linear array trans-
ducers (10). Carotid IMT was measured on the posterior (far)
wall of the left carotid artery. At least four measurements were
taken �10 mm proximal to the bifurcation to derive mean ca-
rotid IMT. The digitally stored scans were manually analyzed by
one reader blinded to the subject’s details. The between-visit CV
of IMT measurements was 6.4% and the intra-observer CV was
3.4% in our laboratory (10). In addition to continuous IMT
measurements, we used a dichotomous IMT variable, which cat-
egorized subjects as having “high-risk IMT,” if the mean IMT of
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the common carotid artery or carotid bulb area was �90th per-
centile of the study population or having a carotid plaque, ie, a
distinct area of the vessel wall protruding into the lumen �50%
of the adjacent intima-media layer (24). Using this definition,
321 participants (14.9%) had high-risk IMT.

Statistical methods
Group comparisons were performed with t-tests and �2 tests,

as appropriate. Linear regression analyses were used to analyze
cross-sectional determinants of childhood vitamin D concentra-
tions, and the associations of continuous variables of childhood
vitamin D and adult carotid IMT. As a number of previous stud-
ies have suggested, a nonlinear association between vitamin D
levels and carotid IMT (16, 25, 26) explored the possibility of a
nonlinear relationship between vitamin D and IMT using sta-
tistical multivariate models that included IMT as the dependent
variable and vitamin D, and higher order vitamin D terms as
independent variables (27). Because prior research has suggested
sex differences in the associations of vitamin D and cardiovas-
cular risk markers (20) and we have earlier observed within
Young Finns cohort that the associations of childhood cardio-
vascular risk factors with carotid IMT are different between

males and females (10), the analyses were also performed sex-
specifically. We additionally investigated the effect of low child-
hood vitamin D levels on the occurrence of high-risk IMT using
logistic regression analyses, adjusted for age, sex (sex-combined
analyses), and either childhood or adult risk factors. Analyses
were performed using SAS software version 9.2. Statistical sig-
nificance was inferred at a two-tailed P value � .05.

Results

Baseline characteristicsof the2148participants are shown
in Table 1. Girls had lower childhood vitamin D concen-
trations than boys (50.0 vs 53.3 nmol/L, P � .0001). In
both sexes, there was a significant correlation between
baseline and follow-up concentrations of 25-OH vitamin
D (r � 0.30, P � .0001 in females, r � 0.19, P � .0001 in
males, Supplemental Figures 1 and 2). Thirty nine percent
of males and 31% of females in the lowest vitamin D
quartile in childhood remained in the same quartile in

Table 1. Characteristics of Study Subjects in Childhood and Adulthood

Variable All Female Male P Valuea

N 2148 1187 961
Childhood (in 1980)
Age (y) 10.7 (5.0) 10.7 (5.0) 10.6 (5.1) .59
25-OH vitamin D (nmol/L) 51.4 (15.6) 50.0 (16.0) 53.3 (15.0) �.001

Prevalence having 25-OH vitamin D � 40 nmol/L(%) 22.8 26.7 17.9 �.001
Prevalence having 25-OH vitamin D � 50 nmol/L(%) 47.1 52.1 40.9 �.001

LDL-cholesterol (mmol/L) 3.44 (0.81) 3.49 (0.82) 3.36 (0.80) .0006
HDL-cholesterol (mmol/L) 1.56 (0.31) 1.57 (0.30) 1.55 (0.31) .35
Triglycerides (mmol/L) 0.66 (0.31) 0.68 (0.30) 0.64 (0.31) .002
Systolic blood pressure (mmHg) 113 (12) 112 (11) 114 (13) .002
BMI (kg/m2) 17.9 (3.1) 17.8 (3.0) 18.0 (3.1) .31
Fruit consumption (freq/week) 6.9 (2.8) 7.0 (2.8) 6.7 (2.9) .05
Vegetable consumption (freq/week) 6.3 (2.9) 6.4 (2.8) 6.2 (3.0) .09
Fish consumption (freq/week) 1.1 (1.1) 1.1 (1.1) 1.1 (1.1) .86
Butter users (%) 65.9 67.1 64.4 .20
Physical activity score

Among 3–6 year olds (range) 16.1 (2.3) 15.7 (2.3) 16.6 (2.3) �.0001
Among 9–18 year olds (range) 9.0 (1.8) 8.7 (1.6) 9.5 (1.9) �.0001

Smoking prevalence (%, among 12 to 18 year olds) 18.0 14.0 21.0 .01
Parental study years 10.0 (3.2) 9.9 (3.1) 10.2 (3.2) .04
Study month (%, Sep/Oct/Nov/Dec) 5/61/30/4 4/60/30/6 5/64/30/1 �.0001
Adulthood (in 2007)

Age (y) 37.7 (5.0) 37.7 (5.0) 37.6 (5.1) .59
25-OH vitamin D (nmol/L) 59.2 (19.1) 61.0 (20.0) 56.9 (16.9) �.0001
LDL-cholesterol (mmol/L) 3.10 (0.79) 2.95 (0.72) 3.29 (0.82) �.0001
HDL-cholesterol (mmol/L) 1.34 (0.32) 1.44 (0.33) 1.21 (0.28) �.0001
Triglycerides (mmol/L) 1.39 (0.91) 1.19 (0.64) 1.64 (1.31) �.0001
Lipid lowering medication prevalence (%) 2.1 1.2 3.1 .002
Systolic blood pressure (mmHg) 121 (14) 117 (14) 126 (13) �.0001
Blood pressure lowering medication prevalence (%) 6.9 6.5 7.4 .41
BMI (kg/m2) 26.0 (4.8) 25.4 (5.1) 26.8 (4.2) �.0001
Smoking prevalence (%) 18.3 15.2 22.1 �.0001
Carotid IMT (mm) 0.627 (0.096) 0.613 (0.085) 0.644 (0.105) �.0001
Carotid plaque prevalence (%) 2.5 1.7 3.5 .006
Prevalence of high-risk IMT (N/%) 321/15.0 122/10.3 199/20.7 �.0001

Values are mean (SD) unless stated otherwise.
a P values from t-tests and �-square test for comparisons between females and males.
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adulthood. There was no significant difference in baseline
concentrations of 25-OH vitamin D in those followed to
adulthood and those lost to follow-up (51.5 vs 51.0
nmol/L, respectively, P � .40). At follow-up, mean � SD
carotid IMT levels were 0.644 � 0.105 mm in men and
0.613 � 0.086 mm in women (P � .0001). A total of 54
(2.5%) individuals had carotid plaque.

Cross-sectional determinants of baseline vitamin D
levels

Male sex, vegetable consumption, and physical activity
were associated with higher levels of 25-OH vitamin D,
whereas age, serum triglycerides, butter consumption, and
study month were associated with lower values (Table 2).

Childhood vitamin D and adult carotid IMT
In the total cohort, as well as in sex-specific analyses,

childhood levels of 25-OH vitamin D had a significant
inverse association with adult IMT levels in unadjusted
analyses (Table 3). After adjustment for age and conven-
tional childhood or adulthood cardiovascular risk factors,
a significant relation was observed only in females. There
was no evidence for a significant sex/vitamin D interaction
term in a logistic regression model (P � .46). However, we
observed a significant second order term for child vitamin
D � child vitamin D (P � .01), supporting a nonlinear
relationship between vitamin D and IMT. In addition, an
interaction term for second order vitamin D and sex (child
vitamin D � child vitamin D � sex) was significant (P �
.01). In sex-specific analyses, the second order term inter-
action was significant in males (P � .002), but not females
(P � .40).

In the univariate analyses, both adult vitamin D (P �
.05) and the change in vitamin D levels between childhood
and adulthood (P � .01) were significantly associated with
adult carotid IMT, but their effects became insignificant
after adjustment for age and sex (adjusted P � .22 and P �
.80, respectively).

Low childhood vitamin D levels and high-risk IMT
Those individuals with 25-OH vitamin D levels in the

lowest quartile (� 40 nmol/L) in childhood had a signif-
icantly higher prevalence of high-risk IMT as adults
(21.9% vs 12.7%, P � .001). This difference remained
statistically significant following adjustment for age, sex,
and either childhood (Figure 1) or adult cardiovascular
risk factors, including adult 25-OH vitamin D levels (Fig-
ure 2), and was observed in both males and females. In this

Table 2. Multivariable Cross-Sectional Correlates of
Childhood 25-OH Vitamin D Concentration

Variable � SE. P Value

Male sex 1.8 0.7 .008
Age (y) �1.0 0.1 �.0001
Triglycerides (mmol/L) �4.7 1.2 �.0001
Vegetable consumption (freq/week) 0.4 0.1 .001
Butter use (no/yes) �1.7 0.7 .01
Study month (Sep/Oct/Nov/Dec) �5.8 0.5 �.0001
Physical activity (z-score) 0.7 0.3 .04
Smoking (no/yes) �2.3 1.2 .06
LDL-cholesterol (mmol/L) 0.8 0.4 .06
HDL-cholesterol (mmol/L) �0.3 1.2 .82
Systolic BP (mmHg) 0.1 0.2 .93
BMI (kg/m2) 0.3 0.2 .06
Fruit consumption (freq/week) 0.1 0.1 .58
Parental study years 0.1 0.1 .46
Fish consumption (freq/week) 0.5 0.3 .12

Results are from linear regression analysis. �-values indicate vitamin-D
level change for 1 U increase in continuous variables.

Table 3. Associations Between Childhood Levels of Serum 25-OH Vitamin D (in 1980) and Adult Carotid IMT
(in 2007)

Females
P
Value Males

P
Value All

P
Value

Unadjusted �0.015 (0.002) �.001 �0.012 (0.003) �.001 �0.012 (0.002) �.001
Adjusted with age and sex (combined analysis) �0.006 (0.002) .03 0.001 (0.004) .77 �0.003 (0.002) 0.22
Adjusted with age, sex (combined analysis),

and childhood BMI
�0.006 (0.002) .02 0.001 (0.004) .70 �0.003 (0.002) .19

Adjusted with age, sex (combined analysis),
childhood lipids, blood pressure, BMI,
smoking, butter use, physical activity, study
month, vegetable, fruit and fish
consumption, and parental school years

�0.006 (0.003) .03 0.001 (0.004) .88 �0.003 (0.002) .19

Adjusted with age, sex (combined analysis),
adulthood lipids, BMI, systolic blood
pressure, fruit consumption, vegetable
consumption, school years (own), smoking,
physical activity and 25-OH vitamin D
concentration and childhood study month

�0.006 (0.002) .01 0.001 (0.004) .89 �0.003 (0.002) .19

Results are �(SE.) derived from regression analyses for 1-SD change in vitamin D levels.
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analysis, adult 25-OH vitamin D levels were not associ-
ated with high-risk IMT (P � .10). There was no sex/
childhood vitamin D interaction in the overall logistic
model (P � .20 for interaction term).

In addition to the main analyses,
we performed several sensitivity
analyses: (1) using sex-specific 90th
percentile cut-points to define high-
risk IMT, (2) excluding individuals
who received lipid-lowering or BP-
lowering medication, (3) using non-
HDL cholesterol as the only lipid
measure to avoid multicollinearity.
In all these analyses the results were
similar to those shown in Figure 1
and 2 (P � .05, all comparisons).

Analysis using varying cut-points
to define low childhood vitamin D
levels were consistent in males and
females In males, significant associ-
ations were observed using the cut-
points of 35, 37, 39, and 43 nmol/L,
and in females, significant associa-
tions were observed at the same
cut-points, apart from 35 nmol/L
(Table 4).

Discussion

The importance of vitamin D for cardiovascular health has
been the focus of increasing interest. In the current study, we

show an association between low
25-OH vitamin D levels in childhood
and increased occurrence of subclini-
cal atherosclerosis in adulthood. This
relationship remained significant after
adjustment for conventional child-
hood or adult risk factors, including
adult 25-OH vitamin D levels. Con-
versely, low levels of adult vitamin D
were not associated with subclinical
atherosclerosis.

Previous epidemiological data
have shown that individuals with
low vitamin D levels have an in-
creased risk of incident MI or overall
cardiovascular events (3–6, 8). How-
ever, the association between vitamin
D levels and carotid IMT from adult
cohorts has been controversial. Some
studies have observed significant as-
sociations (16, 17), whereas in keep-
ing with the present data, others have
not shown an independent associa-
tion between vitamin D and carotid
IMT (18, 19). In addition, random-

Figure 1. Odds ratios (OR) and 95% confidence intervals for adulthood high-risk IMT (common
carotid or bulb area IMT �90th percentile or carotid artery plaque) among individuals with
childhood 25-OH vitamin D levels in the lowest quartile (�40 nmol/L). The results are from
logistic regression analyses adjusted with age, sex (combined analysis), and childhood risk factors
including BMI, LDL-cholesterol, HDL-cholesterol, triglycerides, systolic BP, fruit consumption,
vegetable consumption, fish consumption, butter use, physical activity, study month, parental
school years, and smoking.

Figure 2. Odds ratios (OR) and 95% confidence intervals for adulthood high-risk IMT (common
carotid or bulb area IMT �90th percentile or carotid artery plaque) among individuals with
childhood 25-OH vitamin D levels in the lowest quartile (�40 nmol/L). The results are from
logistic regression analyses adjusted with age, sex (combined analysis), and adult risk factors
including BMI, LDL-cholesterol, HDL-cholesterol, triglycerides, systolic BP, fruit consumption,
vegetable consumption, school years (own), smoking, physical activity, and 25-OH vitamin D
concentration and childhood study month.
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ized trials and meta-analysis of the effects of vitamin D
supplementation have not demonstrated a significant
reduction in cardiovascular risk with increases in serum
vitamin D (9, 28). This suggests that the effects of vi-
tamin D on cardiovascular risk may operate earlier in
the life-course.

In the current prospective cohort study, we showed that
when vitamin D levels were considered a continuous vari-
able, there was an independent association between child-
hood vitamin D and adult IMT in females, whereas among
males the association became insignificant following ad-
justment with other child risk factors. Moreover, our
study revealed that low 25-OH-vitamin levels in child-
hood were associated with high-risk carotid IMT in adult-
hood in analyses adjusted with several potential con-
founding factors (age, BMI, socioeconomic status,
smoking, diet, season), among both sexes and using dif-
ferent cut-points. However, results of overall and sex-
specified analyses differed in linear and nonlinear models.
There was no evidence of sex/vitamin D interaction on
carotid IMT. Instead, we observed a significant second
order term for child vitamin D � child vitamin D sup-
porting a nonlinear relationship between vitamin D and
IMT, especially among males. In addition, there was a
significant sex difference in childhood vitamin D levels.
Other possible explanations for different findings between
males and females in linear and nonlinear models are sex
differences in IMT levels and carotid plaque prevalence
observed within the study cohort.

There are several potential pathophysiological mecha-
nisms linking low childhood vitamin D with adult athero-
sclerosis. Calcitriol (1,25-dihydroxyvitamin D3), the
biologically active form of vitamin D, contributes to vas-
cular proliferation (29), and also inhibits vascular calci-
fication (30). Calcitriol is a potent immune modulator,
and contributes to innate immune responses, critical to
host defense in children (31). Low vitamin D levels in early

life are associated with increased susceptibility to common
infections (32), and there is evidence on the role of child-
hood infection in the early development of vascular pa-
thology and cardiovascular risk (33). In addition, low vi-
tamin D levels are associated with increased parathyroid
hormone (PTH) levels, which have been shown to con-
tribute to atherosclerosis development through several
mechanisms (34, 35). Finally, vitamin D may be a negative
endocrine regulator of renin-angiotensin system (36).

From a clinical perspective, our findings suggest that
suboptimal vitamin D levels in childhood should be con-
sidered a possible risk factor for adult cardiovascular dis-
ease, although the therapeutic implications are unknown.
This is in keeping with current dietary recommendations
supporting the use of supplemental vitamin D during
childhood (37).USguidelines suggest thatoptimal vitamin
D levels in childhoodwere � 50nmol/L (37). In thepresent
study, we observed that vitamin D levels below 43 nmol/L
were associated with increased IMT (Table 4). In the in-
tervening period since collection of childhood samples
used in this study, the legislation and national policies on
the nutrient fortification of foods has been liberalized in
Finland. At present, most milks, sour milks and yoghurts
are fortified with vitamin D at the level of 1 �g/100 g and
margarines and spreads at 10 �g/100 g, leading to higher
serum vitamin D levels in children and adolescents (38).
However, children whose diet is poor in natural or forti-
fied sources of vitamin D (fish, margarines, milk prod-
ucts), who are not regular users of vitamin D supplements,
and have inadequate sunlight exposure, may still be at risk
of low serum levels.

The main strength of the present study was a large,
randomly selected, cohortprospectively followed forup to
27 years from childhood. In addition to 25-OH vitamin D
levels, extensive data were available on other possible de-
terminants of early atherosclerosis, allowing for adjust-
ment for many potential confounding factors.

Table 4. Odds Ratios (OR) and 95% Confidence Intervals for Adulthood High-Risk IMT (common carotid or bulb
area IMT �90th percentile or carotid artery plaque) Among Individuals With Low Childhood 25-OH Vitamin D Levels
According to Different Cut-Points

Cut-Point Level

OR (95% CI)

Females Males All

35 nmol/L 1.49 (0.91–2.43) 1.73 (1.05–2.86) 1.64 (1.15–2.31)
37 nmol/L 1.65 (1.04–2.62) 1.63 (1.02–2.61) 1.65 (1.19–2.30)
39 nmol/L 1.76 (1.13–2.76) 1.77 (1.14–2.74) 1.78 (1.30–2.42)
41 nmol/L 1.63 (1.05–2.53) 1.51 (0.99–2.29) 1.55 (1.15–2.10)
43 nmol/L 1.57 (1.01–2.44) 1.51 (1.01–2.25) 1.52 (1.13–2.03)
45 nmol/L 1.43 (0.92–2.22) 1.21 (0.82–1.76) 1.29 (0.97–1.72)
47 nmol/L 1.22 (0.79–1.90) 1.16 (0.79–1.72) 1.18 (0.89–1.56)

Data from logistic regression analyses adjusted for age, sex, and childhood risk factors including BMI, LDL-cholesterol, HDL-cholesterol,
triglycerides, systolic blood pressure, fruit consumption, vegetable consumption, fish consumption, butter use, physical activity, study month,
parental school years, and smoking.
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The present study has a number of potential limita-
tions. Because baseline 25-OH vitamin D is the key vari-
able in this analysis, the potential for measurement error
is not trivial. We analyzed childhood 25-OH vitamin D
from serum samples that had been collected in 1980 and
stored for 30 years in �20°C. Thus, it is possible that the
levels of 25-OH vitamin D from stored samples may be
inaccurate and erroneously low, although this would not
have introduced a systematic bias. Moreover only a min-
imal decline has been reported for plasma 25-OH vitamin
D level for up to 4 years of storage at �20°C (39), and
25-OH-vitamin has been suggested to be a stable com-
pound in a clinical environment (40). Furthermore, we
observed that several factors, such as winter season, smok-
ing, physical inactivity and diet, known to correlate with
25-OH vitamin D levels in other studies (1) had a signif-
icant association in the present cohort suggesting our mea-
surements are robust and the general patterns of associa-
tion are likely to be true. In addition, the values and
distribution of vitamin D levels in childhood and adult-
hood were similar. Other limitations of this study include
the loss of original participants during the long-term fol-
low-up. However, we have previously shown that the fol-
low-up cohort is representative of the original sample (15).
In addition, there was no significant difference in baseline
levels of 25-OH vitamin D between participants and those
lost to follow-up. As the study population is comprised of
young adults, we were not able to study associations with
clinical cardiovascular events. Instead, we measured ca-
rotid IMT, a widely used intermediate cardiovascular risk
phenotype, as the outcome measure. Detailed data on
childhood dietary supplementation are not available, so
we were unable to investigate whether socioeconomic sta-
tus and other variables are correlated with vitamin D sup-
plementation. Our study cohort was racially homoge-
nous, and the generalizability of our results may be limited
to Caucasians. Finally, observational studies are prone to
bias when trying to establish causality.

In summary, we found that low levels of 25-OH vita-
min D in childhood, but not adulthood, were associated
with subclinical atherosclerosis in adults. This association
was independent of conventional cardiovascular risk fac-
tors, including serum lipids, BP, smoking, diet, physical
activity, obesity indices and socioeconomic status, as well
as 25-OH vitamin D levels in adulthood. These observa-
tions suggest that low 25-OH vitamin D levels in child-
hood might have deleterious effects on vasculature.
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