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Abstract

Aim—Few epidemiological studies have investigated the association between circulating
concentrations of the active vitamin D metabolite 1,25(OH),D and metabolic syndrome. We
sought to determine whether blood levels of 1,25(0OH),D are associated with metabolic syndrome
and its individual components, including waist circumference, triglycerides, blood pressure, and
glucose, and high-density lipoprotein. We also investigated these associations for the more
abundant precursor vitamin D metabolite, 25(OH)D.

Methods—~Participants from two completed clinical trials of colorectal neoplasia with available
metabolic syndrome data and blood samples for measurement of 1,25(0OH),D (n=1048) and
25(0OH)D (n=2096) were included. Cross-sectional analyses of the association between
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concentrations of 1,25(0OH),D, 25(0OH)D, metabolic syndrome, and its components were
conducted.

Results—A statistically significant inverse association was observed for circulating
concentrations of 1,25(0OH),D and metabolic syndrome, with adjusted ORs (95% Cls) of 0.73
(0.52-1.04) and 0.52 (0.36-0.75) for the second and third tertiles of 1,25(0OH),D, respectively (p-
trend <0.001). Significant inverse relationships were also observed between 1,25(OH),D and high
triglycerides (p-trend <0.001), and low high-density lipoprotein (p-trend <0.001). For 25(0OH)D
concentrations, significant inverse associations were found for metabolic syndrome (p-trend
<0.01), high waist circumference (p-trend<0.04) and triglyceride levels (p-trend <0.01).
Participants with 25(OH)D = 30 ng/ml and in the highest tertile of 1,25(OH),D demonstrated
significantly lower odds of metabolic syndrome, with an OR (95% CI) of 0.38 (0.19-0.75)
compared to those in the lowest category for both metabolites.

Conclusion—These results provide new evidence that the relatively rarely-studied active
hormonal form of vitamin D, 1,25(0OH),D, is associated with metabolic syndrome and its
components, and confirm prior findings for 25(OH)D. The finding that 1,25(0OH),D is related to
high-density lipoprotein, while 25(OH)D is not, suggests that there may be an independent
mechanism of action for 1,25(OH),D in relation to metabolic dysregulation.

Keywords
Vitamin D; 25(0OH)D; 1, 25(0OH),D; metabolic syndrome

1. Introduction

Metabolic syndrome (MetS) is an aggregation of characteristics including high waist
circumference, blood pressure, and concentrations of triglycerides and fasting glucose, and
low circulating levels of high-density lipoprotein (HDL). The presence of MetS is associated
with multiple adverse health outcomes, including diabetes, cardiovascular disease, and
cancer[1-3]. It is estimated that the prevalence of MetS among adults in the United States is
22.9%, though this figure varies by characteristics such as age, sex, and race/ethnicity[4].
While recent work suggests that the use of therapeutics is reducing the occurrence of MetS
among some groups[4], identification of risk factors for this syndrome and its components
remains critical.

Insufficient vitamin D status has been proposed to be a potential contributor to MetS.
Vitamin D is a seco-steroid hormone that can be endogenously synthesized via UV
exposure, or consumed in the diet. The circulating vitamin D metabolite most commonly
investigated in epidemiological studies is 25-hydroxycholecalciferol [25(OH)D], which
encompasses both endogenous synthesis and dietary intake[5]. However, enzymatic
hydroxylation of 25(OH)D at the 1-carbon position is necessary to produce the active
vitamin D metabolite, 1,25-dihydroxycholecalciferol [1,25(0OH),D]. This form is a potent
hormone that binds to the vitamin D receptor (VDR) and mediates transcriptional regulation
of multiple genes[6]. Compared to 25(OH)D, circulating concentrations of 1,25(0OH),D are
maintained within a narrow range because of the key role of this metabolite in regulating
calcium levels, which are also tightly controlled [6]. However, in recent work by our group,
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we observed statistically significant associations between circulating concentrations of
1,25(0OH),D and colorectal neoplasia[7], suggesting that there may be sufficient variation in
this vitamin D metabolite to be used as a marker of health outcomes.

Several epidemiological studies have investigated the association between circulating
concentrations of 25(OH)D and MetS and/or its components, with some showing a
relationship[8-22], and others not[23-26]. However, to date, only one report has
investigated the relationship between circulating concentrations of 1,25(0OH),D and
MetS[27], and comparatively few studies have presented results stratified by sex[15,26].
Considering these important gaps, the goal of the present study was to ascertain whether
levels of 1,25(0OH),D and 25(OH)D, independently and in combination, are related to MetS
and its individual components. Sex-stratified analyses were also a primary objective, in
order to assess whether there were differences in the associations between men and women.

2. Material and Methods
2.1 Subjects

Participant data from two completed randomized clinical trials, the Wheat Bran Fiber
(WBF) Trial[28] and the Ursodeoxycholic Acid (UDCA) Trial[29], which have been
described in detail elsewhere[28] [29], were employed for the present study. Briefly, the
WBF trial was a double-blind, randomized, placebo-controlled trial conducted at the
University of Arizona and designed to compare the effect of a high-fiber vs. a low-fiber
cereal supplement on adenoma recurrence. Participants were individuals who had undergone
colonoscopy and had one or more adenomas removed. A total of 1310 participants
completed the study by undergoing one or more colonoscopies after randomization [28], and
no effect of the intervention was observed for adenoma recurrence [28].

Similar to the WBF trial, the UDCA study was a randomized, double-blind, placebo-
controlled trial. The objective of the study was to compare the effect of UDCA on adenoma
recurrence. A total of 1192 participants completed the study, and no effect of UDCA on
adenoma recurrence was observed in the primary analysis[29]. Both the WBF and UDCA
studies were approved by the University of Arizona Human Subjects Committee and local
hospital committees. Written informed consent was obtained from each participant prior to
study enrollment. For the present study, data from all participants who completed the WBF
and UDCA trials and who had an available blood sample for analysis of 1,25(0H),D
(n=1048) and 25(0OH)D (n=2096), as well as data for components of MetS, were included.

2.2 Data Collection

Baseline information regarding general participant characteristics, diet, and medical history
were collected from all participants in the WBF and UDCA trials with self-administered
questionnaires. Dietary data were obtained with the Arizona Food Frequency Questionnaire
(AFFQ), which was modified from the food frequency section of the National Cancer
Institute’s Health Habits and History Questionnaire[30]. The AFFQ is a 113-item, semi-
quantitative, scannable instrument, with study participants asked to report their usual intake
of foods for the prior year[31]. A scale of seven categories ranging from >3 times/day to
rarely/never was employed for most items; for beverages and commonly-consumed foods
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the scale ranged from >6 times/day to rarely/never[31]. Portion sizes of small, medium, or
large were also recorded for each food item[31]. Total intake of nutrients was calculated by
multiplying the frequency of each item’s consumption by the nutrient composition for each
portion size[31].

In order to ascertain baseline waist circumference, study participants were asked to measure
their waist three times at the smallest circumference of their natural waist and record each
measurement to the nearest 1/16 of an inch. Upon study entry, all participants had their
blood pressure taken by a study nurse, and fasting blood samples were drawn. Samples were
collected in heparin-containing tubes and were sent for standard clinical analyses, which
included fasting glucose, triglycerides, and high density lipoprotein (HDL).

2.3 Definitions of metabolic syndrome and components

Components of MetS were defined for the primary analysis using the modified definitions
set by the National Cholesterol Education Program Adult Treatment Panel 111 (ATP I11)
[1,32]. These were: waist circumference >102cm (40 inches) for men and >88cm (35
inches) for women; triglycerides 2150mg/dL, HDL cholesterol <40mg/dL for men and
<50mg/dL for women; blood pressure =130/= 85mmHg; and fasting glucose =100mg/dL. In
turn, study participants were classified as having MetS if they had = 3 of these risk factors.
We also conducted the analysis of MetS using the criteria of the International Diabetes
Federation (IDF). The IDF definition employs the same cutpoints for the individual
components of MetS; however, individuals are classified as having MetS if they exhibit
central adiposity in addition to = 2 of the criteria listed above[33].

2.4 Analysis of vitamin D metabolite levels

Measurement of both 25(OH)D and 1,25(OH),D levels was performed at Heartland Assays
(Ames, 1A). Concentrations of total 25(OH)D were assessed with a competitive
chemiluminescence immunoassay[34]. The coefficient of variation was less than 7.0% for
25(0OH)D analyses. For measurement of 1,25(0OH),D, a 1251-based radioimmunoassay was
employed, as has been described in detail previously[35]. The coefficient of variation was
11.5% for 1,25(0OH),D analysis. The laboratory utilized several QA/QC measures, including
a pooled serum sample analyzed with batches of study samples to monitor analytical
precision and identify possible laboratory shifts over time, as well as testing duplicates in
different batches. All analyses were conducted in a blinded fashion.

Tertiles of 1,25(0OH),D were calculated based on the population distribution, with mean
1,25(0OH),D concentrations of 22.6 £+ 4.5 pg/ml for the first tertile, 33.2 £ 2.8 pg/ml for the
second tertile, and 46.6 £ 8.0 pg/ml for the third tertile. Participants were further classified
by circulating concentrations of 25(OH)D into one of three categories: deficient (< 20 ng/
mL), inadequate (20 to <30 ng/mL), and adequate (=30 ng/mL)[36-39]. In addition, a
classification system for vitamin D metabolite profiles was established that included data for
1,25(0OH),D and 25(OH)D. Participants were categorized as having a low vitamin D profile
if they were in the lowest tertile of 1,25(OH),D and exhibited deficient levels of 25(0OH)D
(n=118); they were categorized as having a high vitamin D profile if they were in the highest
tertile for 1,25(0OH),D concentrations and had adequate levels of 25(OH)D (n=165).
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2.5 Statistical Analysis

Summary statistics for baseline characteristics by presence or absence of MetS were
calculated with means and standard deviations for the continuous variables and frequencies
and percentages for the categorical variables. Unconditional logistic regression modeling
was used to evaluate the associations between vitamin D metabolite concentrations,
components of MetS, and MetS. Variables assessed for potential confounding were age,
body mass index (BMI), waist-to-hip ratio (WHR), season of blood draw, sex, race, family
history of colorectal cancer, current smoking, history of previous polyps, physical activity,
and aspirin use; dietary and supplemental intake of vitamin D, supplement use, fat, fiber,
folate, magnesium, and calcium; supplement use; and energy intake. If a variable changed
the point estimate by 10% or greater, it was included in the final multivariate logistic
regression analyses. P-for-trend was computed by treating the categories of the vitamin D
metabolite concentrations as a continuous variable. All analyses were conducted using the
Stata statistical software package [version 9.0, Stata Corporation, College Station, TX].

3. Results

As shown in Table 1, men and women with and without MetS were similar in age, race/
ethnicity, and education. For dietary factors, reported intake of energy, carbohydrates, fiber,
fat, calcium, and alcohol was similar for those with and without MetS. Among men, dietary
intake of vitamin D was somewhat lower for those without MetS as compared to those with
MetS; while for women, the opposite was observed. No differences in intake of vitamin D
from supplements were observed. The distribution for current smoking was similar for men
with and without MetS; while for women, there were more current smokers among those
without MetS. BMI and waist-to-hip ratio were higher among those with MetS for both men
and women, as was the prevalence of self-reported diabetes. No significant differences in
MetS by season of blood draw were observed for either men or women, although
concentrations of 25(OH)D varied from a low of 25.9 ng/ml during Spring to 30.4 ng/ml in
the Fall (data not shown). Levels of 1,25(OH),D did not vary by season (data not shown) As
shown in Figure 1, a weak positive correlation between circulating concentrations of
1,25(0H),D and 25(0OH)D was observed, with an r2=0.29.

Table 2 presents the results for the association between 1,25(0OH),D, components of MetS,
and MetS. In the total study population, statistically significant inverse relationships were
observed for 1,25(0OH),D and waist circumference; however, after adjustment for BMI, this
association was attenuated. In contrast, even after adjustment for BMI or WHR, statistically
significant inverse relationships were observed between 1,25(0OH),D and high triglycerides
and low HDL concentrations. After adjustment for age, race/ethnicity, supplemental calcium
intake, sex, and BMI, 1,25(0OH),D was also significantly inversely related to odds of MetS
using the ATP-I111 criteria, with ORs (95% Cls) of 0.73 (0.52-1.04) and 0.52 (0.36-0.75) for
the second and third tertiles of 1,25(0OH),D as compared to the lowest tertile, respectively
(p-trend <0.001). These findings were confirmed when using the IDF definitions of MetS.
The results were similar for men in sex-stratified analyses; however, among women only
low HDL was significantly associated with concentrations of 1,25(0OH),D after adjustment
for confounding. After log transformation of non-normally distributed data, linear
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regression models were also conducted for the associations between continuous variables
for 1,25(0OH),D and each component of MetS (data not shown). The S-coefficients (p-values)
for each were: —0.24 (<0.001) for waist circumference; —0.01 (<0.001) for triglycerides;
0.09 (<0.001) for HDL; and —0.04 (p<0.01) for glucose.

Crude and adjusted odds ratios for the association between circulating concentrations of
25(0H)D, components of MetS, and MetS are presented in Table 3. In the total study
population and after adjustment for confounding variables except for BMI, statistically
significant inverse relationships were observed for 25(OH)D and high waist circumference,
triglycerides, low HDL, and fasting glucose, but not for high blood pressure. Concentrations
of 25(OH)D were also significantly associated with MetS, with ORs (95% Cls) of 0.65
(0.51-0.83) and 0.39 (0.30-0.51) for participants who had inadequate and adequate
25(0OH)D concentrations, respectively, compared to those who were deficient (p-trend
<0.001). These results were replicated when applying the IDF criteria of MetS. When BMI
was added to the models, results were generally attenuated, with significant associations
observed for waist circumference and triglycerides. Addition of WHR to the model had less
marked effects than BMI, with significant relationships remaining for triglycerides, HDL,
and glucose. For MetS, and after adjustment for BMI, there remained a statistically
significant association, with ORs (95% Cls) of 0.78 (0.58-1.04) and 0.59 (0.43-0.80) for
those classified as having inadequate and adequate 25(OH)D concentrations, respectively,
compared to those who were deficient (p-trend <0.01). Results were similar with the
addition of WHR to the model. In sex-stratified analyses, the findings for men were similar
to that of the total population. Among women, only low HDL was significantly associated
with concentrations of 25(OH)D, after adjustment for BMI. After log transformation of non-
normally distributed data, linear regression models were also conducted for the
associations between continuous variables for 25(OH)D and each component of MetS (data
not shown). The f-coefficients (p-values) for each were: —0.09 (<0.05) for waist
circumference; —0.02 (<0.001) for triglycerides; —0.009 (0.56) for HDL; and —0.02
(p<0.05) for glucose.

A composite vitamin D metabolite classification system was established to evaluate whether
having high concentrations of both 1,25(0OH),D and 25(OH)D compared to low levels of
both metabolites may have a greater magnitude of effect than high levels of each metabolite
alone with respect to MetS and components of MetS. These results are presented in Table 4.
In the total population, and after adjustment for potentially confounding variables except
BMI statistically significant inverse associations were shown between vitamin D metabolite
profile and all of the MetS components. When models were further adjusted for BMI, the
association between vitamin D metabolite profile and triglycerides and HDL remained
significant, while the associations with other components were attenuated. A high vitamin D
metabolite profile was also significantly inversely associated with MetS using the ATP-111
criteria, with an adjusted OR (95% CI) of 0.38 (0.19-0.75) compared to those with a low
vitamin D profile; results were similar when applying the IDF criteria for MetS. In sex-
stratified analyses, and after adjustment for potential confounders including BMI, among
men a high vitamin D profile was significantly associated with triglyceride levels and high
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blood pressure, as well as with MetS. In contrast, among women, a high vitamin D profile
was only significantly related to low HDL levels.

4. Discussion

In our study, higher concentrations of 1,25(0OH),D and 25(OH)D were both associated with
lower risk of higher concentrations of triglycerides and metabolic syndrome. Also, higher
1,25(0OH),D concentrations were associated with low HDL cholesterol, and higher
25(0OH)D concentrations were associated with lower risk of having large waist
circumference. Sex-stratified analyses revealed similar findings for men, though for women,
only the association with low HDL was significant after adjusting for confounders. Further,
the vitamin D metabolite profile analyses demonstrated lower odds for MetS, high
triglycerides, and low HDL among those with high 25(OH)D and 1,25(0OH),D compared to
those with low levels of both.

The active vitamin D metabolite 1,25(OH),D has been studied far less frequently in
epidemiological studies than 25(OH)D due to several of its properties, including its
comparatively narrow range in circulation. However, it has been suggested that study of
1,25(0OH),D as a biomarker relative to 25(OH)D may yield useful information regarding
supply of the active hormone available to tissue targets[40]. Furthermore, the evidence for
potential mechanisms of action for vitamin D on MetS and its components have largely been
demonstrated in experimental models to result from the activity of 1,25(OH),D binding to
the vitamin D receptor (VDR). Although 1,25(0OH),D may be produced at the cellular level
in many tissue types, circulating concentrations may also affect availability of this potent
hormone to target tissues. Therefore, we sought to investigate whether circulating
concentrations of 1,25(0OH),D might be related to MetS and its components.

The results for 1,25(0OH),D demonstrated significant associations for triglyceride levels and
MetS. In contrast to the findings for 25(OH)D, 1,25(0OH),D was also statistically
significantly associated with low HDL levels in the overall population, as well as among
men and women in stratified analyses. These findings are in agreement with those of the
only other published study of 1,25(0OH),D and MetS[27], the results of which demonstrated
statistically significant associations between 1,25(0OH),D and waist circumference,
triglycerides, HDL, and glucose in a Taiwanese population. Given the hypothesized
mechanisms of action for vitamin D in reducing risk of MetS, these findings support a role
for the active vitamin D metabolite via VDR binding and transcriptional regulation of key
genes related to metabolic dysregulation.[41,42]

To date, a statistically significant association between measured concentrations of 25(OH)D
and MetS has been reported in several studies[8-19], though others have not found a
relationship[23-26]. The present study is concordant with the majority of previously
published work, demonstrating a significant association between 25(OH)D and MetS, which
remained after adjustment for BMI. Comparatively few published studies have included
analyses stratified for sex[15,26]. The results of one investigation reported no association
between 25(OH)D and MetS among men and women combined, nor for sex-stratified
analyses[26], while results of another report showed that while the relationship was stronger
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for women, an interaction term for sex was not statistically significant[15]. In contrast, our
results suggest a stronger relationship between 25(OH)D and MetS among men compared to
women, although as with the prior study by Ford et al.[15], the interaction term was not
significant (pjn=0.16). Nonetheless, in the present study there was a general pattern for
stronger associations between 25(0OH)D, MetS and its components for men as compared to
women. These findings could be the result of the comparatively small sample size among
women, or may reflect real metabolic differences between men and women in relation to
body size, vitamin D metabolite concentrations, and MetS.

Regarding the components of MetS, significant associations were observed for 25(OH)D
and high waist circumference and triglycerides. The findings for waist circumference are in
agreement with the majority of published work [8-14,19,24,26]. These results are not
surprising given the well-established inverse association between BMI and concentrations of
25(0OH)D in circulation. Thought be multifactorial in nature, the comparatively low
concentrations of 25(0OH)D among those who are overweight and obese may result from a
combination of factors. These include potential sequestration of this fat-soluble vitamin in
adipose tissue or reduced sun exposure in relation to lower physical activity levels. Because
of the documented relationship between BMI and concentrations of 25(OH)D, statistical
models were conducted with and without BMI, and results were generally attenuated when
BMI was added. As with waist circumference, the findings for triglycerides were similar to
previously published work [8-10,12-14,17,19,23-25]. While the precise mechanism by
which vitamin D may affect triglyceride levels is currently unknown, activity may be
mediated via calcium-mediated suppression of fecal cholesterol excretion[43].

It is possible that the similar findings for 25(OH)D and 1,25(0OH),D indicated that each
biomarker may capture information regarding the same pathway of vitamin D endocrine
system activity in MetS. To explore this hypothesis, a variable for participants’ vitamin D
metabolite profile was created, and the association between having high concentrations of
both metabolites vs. low levels of both compounds and odds of MetS and its components
was examined. The findings presented in Table 4 demonstrate a statistically significant
inverse relationship between having a high vitamin D metabolite profile and triglyceride
level, low HDL, and MetS. In general, the findings for vitamin D profile were modestly
stronger than those for 25(OH)D or 1,25(0H),D alone; however, these differences in effect
did not reach statistical significance.

The strengths of present work include the measurement of both 25(OH)D and 1,25(0OH),D,
the latter of which has been studied in relation to MetS in only one prior study, as well as the
large sample size. Weaknesses include the single measure of each vitamin D metabolite, as
well as the inability to ascertain a causal relationship from the cross-sectional design of the
study. We were also unable to consider medications that may affect concentrations of
vitamin D metabolites in this analysis and did not have data for levels of related biomarkers
such as parathyroid hormone. In addition, for body size considerations we did not have
measures of adiposity from highly accurate technologies such as dual-energy X-ray
absorptiometry; rather, waist circumference measurements were performed by study
participants, which may have resulted in misclassification of some participants. Further,
there was little variation with regard to race or ethnicity; future work in this area should
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include more diverse study populations, as generalizability of these findings is thus limited.
Further, as the study sample was comprised of individuals with a previous adenoma, there
were double the number of men versus women, which may have reduced the statistical
power to detect associations in women as well as potentially limiting the generalizability of
the study.

5. Conclusions

The findings of this study demonstrate associations between the vitamin D metabolite
1,25(0OH),D and MetS, as well as its components. In addition, the present work confirms the
findings of several other studies that 25(OH)D is also related to MetS. As discussed in the
comprehensive review by Challoumas[44], clinical trial findings for the efficacy of vitamin
D on blood lipid levels, important components of MetS, have been largely discouraging.
However, some work has indicated that interventions aimed at improving vitamin D status
can increase HDL concentrations and reduce hypertension[45]. The finding of a significant
association for the active vitamin D metabolite 1,25(OH),D indicates that more research in
this area is warranted.
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Relationship between circulating concentrations of 25(OH)D and 1,25(0H),D.
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Table 2
Crude and adjusted ORs (95% Cls) for components of Metabolic Syndrome and Metabolic Syndrome, by

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

tertile of 1,25(0OH),D concentration.

Tertile of 1,25(0OH),D Concentration (mean + sd, pg/ml)

1 2 3 p-trend
226+45 332x28 46.6 +8.0
Total population

High Waist Circumferencel(n, %) 176 (50.1) 140 (40.1) 113 (325)

Crude OR (95% CI) 1.00 0.67 (0.49-0.90)  0.48 (0.35-0.65)  <0.001

Adjusted OR (95% CI)2 1.00 0.63(0.47-0.86)  0.45(0.33-0.62)  <0.001

Adjusted OR (95% CI)3 1.00 0.78 (0.48-1.27) 0.75(0.46-1.22) 0.24
Triglycerides =150 mg/dL (n, %) 183 (52.1) 137(39.3) 119 (34.2)

Crude OR (95% CI) 1.00 0.59 (0.44-0.80)  0.48 (0.35-0.65) <0.001

Adjusted OR (95% CI)2 1.00 057 (0.42-0.78)  0.45(0.33-0.62) <0.001

Adjusted OR (95% CI)3 1.00 0.61(0.45-0.84)  0.53(0.38-0.73) <0.001

Adjusted OR (95% CI)% 1.00 0.62 (0.46-0.85)  0.49 (0.35-0.67) <0.001
Low HDLS (n, %) 133(37.9) 109 (31.2) 82 (23.6)

Crude OR (95% CI) 1.00 0.74 (0.54-1.02)  0.51(0.36-0.70)  <0.001

Adjusted OR (95% CI)2 1.00 0.72(0.52-0.98)  0.49 (0.35-0.69) <0.001

Adjusted OR (95% CI)3 1.00 0.75(0.54-1.05)  0.56 (0.40-0.80)  <0.001

Adjusted OR (95% CIy* 1.00 0.76 (0.55-1.05)  0.51(0.36-0.71) ~ <0.001
Blood Pressure =130/=85 mmHg (n, %) 205 (58.4) 201 (57.6) 182 (52.3)

Crude OR (95% CI) 1.00 0.97 (0.72-1.31)  0.78 (0.58-1.05) 0.10

Adjusted OR (95% CI)2 1.00 1.01(0.74-138) 0.88 (0.65-1.21) 0.43

Adjusted OR (95% CI)3 1.00 109 (0.79-150)  1.01(0.73-1.40) 0.35

Adjusted OR (95% CI)* 1.00 1.06 (0.77-1.45)  0.90 (0.66-1.24) 0.55
Fasting glucose =2100mg/dL (n, %) 191 (54.4) 191 (54.7) 176 (50.6)

Crude OR (95% CI) 1.00 1.01(0.75-1.36)  0.86 (0.64-1.15) 0.31

Adjusted OR (95% CI)2 1.00 0.96 (0.70-1.32)  0.81(0.59-1.11) 0.18

Adjusted OR (95% CI)3 1.00 1.04 (0.75-1.44)  0.99 (0.71-1.37)  0.17

Adjusted OR (95% CI)* 1.00 1.05(0.76-1.44)  0.87 (0.63-1.20) 0.42
Metabolic Syndrome (n, %)® 180 (51.3) 148 (424) 108 (31.0)

Crude OR (95% CI) 1.00 0.70 (0.52-0.94)  0.43 (0.31-0.58)  <0.001

Adjusted OR (95% CI)2 1.00 0.66 (0.48-0.90)  0.39 (0.28-0.54)  <0.001

Adjusted OR (95% CI)3 1.00 0.73(0.52-1.04)  0.52(0.36-0.75)  <0.001

Adjusted OR (95% CI)* 1.00 0.68 (0.49-0.93)  0.40 (0.29-0.56)  <0.001
Metabolic Syndrome (n, %6)7:8 140 (60.9) 105 (49.5) 73 (35.3)

Crude OR (95% CI) 1.00 0.88 (0.43-0.92)  0.35(0.28-0.52) <0.001
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Tertile of 1,25(0OH),D Concentration (mean + sd, pg/ml)

1 2 3 p-trend
226+45 332x28 46.6 +8.0

Adjusted OR (95% CI)2 1.00 057 (0.38-0.85)  0.30 (0.20-0.46)  <0.001

Adjusted OR (95% CI)3 1.00 0.48 (0.24-0.96) 053 (0.26-1.08) <0.001

Adjusted OR (95% CI)* 1.00 0.74 (0.45-1.22)  0.37 (0.22-0.63)  <0.001

Men

High Waist Circumferencel (n, %) 124 (56.9) 105 (42.3) 79 (32.8)

Crude OR (95% ClI) 1.00 0.56 (0.39-0.80)  0.37 (0.25-0.54)  <0.001

Adjusted OR (95% CI)2 1.00 0.55(0.37-0.80)  0.35(0.24-0.52) <0.001

Adjusted OR (95% CI)3 1.00 0.96 (0.52-1.77)  0.76 (0.41-1.42) 0.39
Triglycerides =150 mg/dL (n, %) 119 (54.6) 92 (37.1) 82 (34.0)

Crude OR (95% Cl) 1.00 0.49 (0.34-0.71)  0.43(0.29-0.63)  <0.001

Adjusted OR (95% CI)2 1.00 046 (0.31-0.67)  0.39(0.26-0.57)  <0.001

Adjusted OR (95% CI)3 1.00 0.53(0.36-0.78)  0.48 (0.32-0.73)  <0.001

Adjusted OR (95% CI)* 1.00 047 (0.32-0.70)  0.44(0.29-0.65)  <0.001
Low HDLS (n, %) 85(39.0) 85(34.3) 58 (24.1)

Crude OR (95% CI) 1.00 0.82 (0.56-1.19)  0.50 (0.33-0.74)  <0.001

Adjusted OR (95% CI)2 1.00 0.80(0.54-1.17)  0.48 (0.32-0.73)  0.001

Adjusted OR (95% CI)3 1.00 0.88(0.59-1.32)  0.58(0.38-0.90) <0.05

Adjusted OR (95% CIy* 1.00 0.82(0.55-1.21) 051 (0.34-0.74) <0.05
Blood Pressure 2130/285 mmHg (n, %) 137 (62.8) 141 (56.9) 133 (55.2)

Crude OR (95% CI) 1.00 0.78 (0.54-1.13)  0.73(0.50-1.06) 0.10

Adjusted OR (95% CI)2 1.00 0.84 (0.58-1.24)  0.84 (0.57-1.23) 0.37

Adjusted OR (95% CI)3 1.00 0.93(0.63-1.38) 1.01(0.67-1.52) 0.94

Adjusted OR (95% CI)* 1.00 0.85(0.58-1.25)  0.87 (0.58-1.29) 053
Fasting glucose 2100mg/dL (n, %) 141 (64.7) 157 (63.3) 141 (58.5)

Crude OR (95% CI) 1.00 0.94 (0.64-1.38)  0.77 (0.53-1.12) 0.17

Adjusted OR (95% CI)2 1.00 1.00 (0.68-1.47)  0.78 (0.53-1.14) 0.19

Adjusted OR (95% CI)3 1.00 111(0.74-1.66)  0.95(0.63-1.44) 0.79

Adjusted OR (95% CI)4 1.00 1.04 (0.70-1.54)  0.85(0.57-1.26) 0.60
Metabolic Syndrome (n, %)6 130 (59.6) 112 (45.2) 79 (32.8)

Crude OR (95% CI) 1.00 0.56 (0.39-0.81)  0.33(0.23-0.48)  <0.001

Adjusted OR (95% CI)2 1.00 055 (0.37-0.80)  0.30 (0.20-0.45)  <0.001

Adjusted OR (95% CI)3 1.00 0.68 (0.44-1.05)  0.45(0.28-0.70)  <0.001

Adjusted OR (95% CIY4 1.00 0.57 (0.38-0.85)  0.35(0.23-0.52)  <0.001
Metabolic Syndrome (n, %)’ 101 (74.8) 78(55.3) 53(38.1)

Crude OR (95% CI) 1.00 0.42 (0.25-0.69)  0.21 (0.12-0.35)  <0.001
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Tertile of 1,25(0OH),D Concentration (mean + sd, pg/ml)

1 2 3 p-trend
226+45 332x28 46.6 +8.0

Adjusted OR (95% CI)2 1.00 0.43(0.25-0.72)  0.21(0.12-0.35)  <0.001

Adjusted OR (95% CI)3 1.00 0.48(0.18-1.23)  0.58 (0.22-1.51)  <0.001

Adjusted OR (95% CI)* 1.00 0.45(0.24-0.86)  0.24 (0.12-0.45)  <0.001

Women

High Waist Circumferencel (n, %) 52(39.1)  35(347) 34 (31.8)

Crude OR (95% CI) 1.00 0.83(0.48-1.41)  0.73(0.42-1.24) 0.24

Adjusted OR (95% CI)2 1.00 0.80 (0.46-1.38)  0.73(0.42-1.25) 0.24

Adjusted OR (95% CI)3 1.00 054 (0.22-1.31)  0.90 (0.40-2.03) 0.73
Triglycerides =150 mg/dL (n, %) 64 (48.1) 45 (44.6) 37 (34.6)

Crude OR (95% CI) 1.00 0.87 (0.52-1.46)  0.57 (0.34-0.96) <0.05

Adjusted OR (95% CI)2 1.00 0.85(0.50-1.43) 057 (0.33-0.97) 0.04

Adjusted OR (95% CI)3 1.00 0.84 (0.48-1.46)  0.60 (0.34-1.05) 0.08

Adjusted OR (95% CI)* 1.00 1.08 (0.62-1.88)  0.57 (0.33-0.98)  0.06
Low HDL5 (n, %) 48(36.1)  24(23.8) 24 (22.4)

Crude OR (95% CI) 1.00 0.55(0.31-0.98)  0.51(0.29-0.91) <0.05

Adjusted OR (95% CI)2 1.00 0.55(0.31-0.99)  0.51(0.29-0.91) 0.02

Adjusted OR (95% CI)3 1.00 0.54 (0.30-1.00)  0.55(0.30-1.00) <0.05

Adjusted OR (95% CI)4 1.00 0.66 (0.36-1.21)  0.49 (0.27-0.89)  <0.05
Blood Pressure >130/=85 mmHg (n, %) 68 (51.1) 60 (59.4) 49 (45.8)

Crude OR (95% CI) 1.00 1.40 (0.83-2.36)  0.81 (0.48-1.34) 0.48

Adjusted OR (95% CI)2 1.00 147 (0.85-2.55)  0.93 (0.54-158) 0.85

Adjusted OR (95% CI)3 1.00 166 (0.94-2.93)  0.98 (0.56-1.72) 0.94

Adjusted OR (95% CI)* 1.00 1.80 (1.01-3.19)  0.92 (0.53-1.59) 0.87
Fasting glucose 2100mg/dL (n, %) 50 (37.6)  34(33.7) 35(32.7)

Crude OR (95% CI) 1.00 0.84 (0.49-1.45)  0.81(0.47-1.38) 0.42

Adjusted OR (95% CI)2 1.00 0.86 (0.50-1.49)  0.87 (0.51-1.50) 0.60

Adjusted OR (95% CI)3 1.00 0.83(0.46-1.51)  1.00 (0.56-1.79) 0.95

Adjusted OR (95% CI)* 1.00 1.06 (0.60-1.88)  0.90 (0.51-1.57) 0.73
Metabolic Syndrome (n, %)8 50 (37.6)  36(35.6) 29 (27.1)

Crude OR (95% CI) 1.00 0.92 (0.54-157)  0.62(0.36-1.07) 0.09

Adjusted OR (95% CI)2 1.00 0.93 (0.54-1.61)  0.63(0.36-1.11) 0.12

Adjusted OR (95% CI)3 1.00 0.87 (0.46-1.62)  0.75(0.40-1.41) 0.37

Adjusted OR (95% CI)* 1.00 144 (0.78-2.66)  0.63(0.34-1.17) 0.20
Metabolic Syndrome (n, %)’ 39(4L1)  27(38.0) 20 (29.4)

Crude OR (95% CI) 1.00 0.88 (0.47-1.65)  0.60 (0.31-1.16)  0.14
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Tertile of 1,25(0OH),D Concentration (mean + sd, pg/ml)

1 2 3 p-trend
226+45 332x28 46.6 +8.0
Adjusted OR (95% CI)2 1.00 0.89 (0.46-1.70) 059 (0.30-1.17) 0.72
Adjusted OR (95% CI)3 1.00 0.46 (0.15-1.39) 054 (0.17-1.64) 0.17
Adjusted OR (95% CI)* 1.00 1.98 (0.82-4.70)  0.87 (0.34-2.24)  0.13

1High waist circumference classification for Men >40 inches; for Women >35 inches.

2Model adjusted for age, race/ethnicity, supplemental calcium; also adjusted for sex in analyses that included the total population.

Page 18

3Model adjusted for age, race/ethnicity, supplemental calcium, and BMI; also adjusted for sex in analyses that included the total population.

Model adjusted for age, race/ethnicity, supplemental calcium, and WHR; also adjusted for sex in analyses that included the total population.

5Low HDL cholesterol classification for Men <40mg/dL; for Women <50mg/dL.

6Metabolic syndrome defined by modified ATP-III criteria.

7 . ] o
Metabolic syndrome defined by IDF criteria.

8P-interac’(ion by sex for metabolic syndrome=0.20.
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Table 3

Crude and adjusted ORs (95% Cls) for components of Metabolic Syndrome and Metabolic Syndrome, by
vitamin D status as measured by 25(OH)D.

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Vitamin D Status®

Deficient Inadequate Adequate p-trend
25(0H)D  25(0H)D 25(0H)D
<20ng/ml  20to <30 ng/ml =30 ng/ml
Total population
High Waist Circumference? (n, %) 202(50.0) 351 (42.7) 231(31.2)
Crude OR (95% Cl) 1.00 0.74 (0.59-0.94)  0.45(0.35-0.58)  <0.001
Adjusted OR (95% CI)3 1.00 0.66 (0.51-0.84)  0.37(0.29-0.49)  <0.001
Adjusted OR (95% CI)* 1.00 0.87 (0.59-1.28)  0.66 (0.44-1.00)  0.04
Triglycerides 2150 mg/dL (n, %) 203 (50.3) 375 (45.6) 269 (36.3)
Crude OR (95% CI) 1.00 0.83(0.65-1.05) 0.56 (0.44-0.72)  <0.001
Adjusted OR (95% CI)3 1.00 0.81(0.63-1.03) 054 (0.42-0.71)  <0.001
Adjusted OR (95% CI)* 1.00 0.90 (0.70-1.17)  0.70 (0.53-0.92)  <0.01
Adjusted OR (95% CI)5 1.00 0.87 (0.67-1.12) 0.63(0.48-0.82)  <0.001
Low HDLS (n, %) 147 (36.4) 249 (30.3) 200 (27.0)
Crude OR (95% CI) 1.00 0.76 (0.59-0.98)  0.65 (0.50-0.84)  <0.001
Adjusted OR (95% CI)3 1.00 0.75(0.58-0.97)  0.62 (0.47-0.81)  0.001
Adjusted OR (95% CI)* 1.00 0.84 (0.64-1.09) 0.79(0.59-1.05)  0.12
Adjusted OR (95% CI)5 1.00 0.80 (0.61-1.04) 0.71(0.53-0.94)  <0.05
Blood Pressure >130/=85 mmHg (n, %) 233 (57.7) 451 (54.8) 406 (54.8)
Crude OR (95% CI) 1.00 0.89 (0.70-1.13)  0.89 (0.70-1.14)  0.41
Adjusted OR (95% CI)3 1.00 0.82 (0.64-1.06)  0.80(0.61-1.03)  0.11
Adjusted OR (95% CI)4 1.00 0.92 (0.71-1.20) 1.00 (0.76-1.31)  0.87
Adjusted OR (95% CI)5 1.00 0.86 (0.67-1.11)  0.86(0.66-1.12)  0.35
Fasting glucose =2100mg/dL (n, %) 225(55.7) 430 (52.3) 392 (52.9)
Crude OR (95% ClI) 1.00 0.87 (0.69-1.11)  0.89 (0.70-1.14)  0.46
Adjusted OR (95% CI)3 1.00 0.71(0.55-0.92)  0.66 (0.50-0.86)  <0.01
Adjusted OR (95% CI)* 1.00 0.80 (0.61-1.04) 0.86 (0.65-1.13) 0.4
Adjusted OR (95% CI)5 1.00 0.75(0.58-0.96)  0.73(0.55-0.95)  0.04
Metabolic Syndrome (n, %)7 201(49.8) 349 (42.4) 239 (32.3)
Crude OR (95% CI) 1.00 0.74 (0.59-0.94)  0.48 (0.38-0.62)  <0.001
Adjusted OR (95% CI)3 1.00 0.65(0.51-0.83)  0.39 (0.30-0.51)  <0.001
Adjusted OR (95% CI)* 1.00 0.78 (0.58-1.04) 059 (0.43-0.80)  <0.01
Adjusted OR (95% CI)5 1.00 0.70 (0.54-0.92)  0.47 (0.35-0.63)  <0.001
Metabolic Syndrome (n, %)8 169 (59.1) 253 (50.9) 150 (37.2)
Crude OR (95% CI) 1.00 0.72 (0.53-0.96)  0.41 (0.30-0.56)  <0.001
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Vitamin D Status®

Deficient Inadequate Adequate p-trend
25(0H)D  25(0H)D 25(0H)D
<20 ng/ml 20to <30 ng/ml =30 ng/ml
Adjusted OR (95% CI)3 1.00 058 (0.42-0.79)  0.29 (0.21-0.41) ~ <0.001
Adjusted OR (95% CI)* 1.00 0.74 (0.43-1.28) 056 (0.31-1.00)  <0.05
Adjusted OR (95% CI)5 1.00 0.63(0.42-0.96)  0.41(0.26-0.63)  <0.001
Men
High Waist Circumference? (n, %) 98 (53.3) 263 (47.1) 196 (32.5)
Crude OR (95% CI) 1.00 0.78 (0.56-1.09)  0.42 (0.30-0.59)  <0.001
Adjusted OR (95% CI)3 1.00 0.74 (0.53-1.04)  0.40 (0.28-0.56)  <0.001
Adjusted OR (95% CI)* 1.00 0.98 (0.57-1.68) 0.64(0.38-1.10)  0.03
Triglycerides =150 mg/dL (n, %) 98 (53.3) 261 (46.7) 215 (35.7)
Crude OR (95% CI) 1.00 0.77 (0.55-1.08)  0.49 (0.35-0.68)  <0.001
Adjusted OR (95% CI)3 1.00 0.77 (0.55-1.08)  0.49 (0.35-0.68)  <0.001
Adjusted OR (95% CI)* 1.00 0.83(0.58-1.18) 059 (0.41-0.84)  <0.001
Adjusted OR (95% CI)® 1.00 0.83(0.59-1.17) 0.56 (0.39-0.79)  <0.001
Low HDL (n, %) 63(342)  181(32.4) 169 (28.0)
Crude OR (95% CI) 1.00 0.92 (0.65-1.31) 0.75(0.53-1.06)  0.06
Adjusted OR (95% CI)3 1.00 0.96 (0.67-1.37) 0.77 (0.54-1.11)  0.08
Adjusted OR (95% CI* 1.00 1.05(0.73-1.53)  0.97 (0.66-1.41) 0.71
Adjusted OR (95% CI)5 1.00 1.01(0.70-1.46) 0.88 (0.61-1.27) 0.34
Blood Pressure 2130/>85 mmHg (n, %) 117 (63.6) 315 (56.4) 334 (55.4)
Crude OR (95% CI) 1.00 0.74 (0.52-1.04)  0.71(0.51-1.00)  0.09
Adijusted OR (95% CI)3 1.00 0.70 (0.49-1.00) 0.67 (0.47-0.96) 0.06
Adjusted OR (95% CI)4 1.00 0.75(0.53-1.08) 0.81 (0.56-1.16)  0.49
Adjusted OR (95% CI)5 1.00 0.72 (0.51-1.03) 0.72 (0.51-1.03) 0.16
Fasting glucose =2100mg/dL (n, %) 122 (66.3) 329 (58.9) 352 (58.4)
Crude OR (95% CI) 1.00 0.73(0.51-1.03) 0.71(0.50-1.01)  0.11
Adjusted OR (95% CI)3 1.00 0.75(0.52-1.06)  0.75(0.53-1.07)  0.22
Adjusted OR (95% CI)4 1.00 0.80 (0.56-1.16)  0.93 (0.64-1.34)  0.86
Adjusted OR (95% CI)5 1.00 0.77 (0.54-1.10)  0.81(0.57-1.16) ~ 0.49
Metabolic Syndrome (n, %6)7 105 (57.1) 262 (46.9) 205 (34.0)
Crude OR (95% CI) 1.00 0.66 (0.47-0.93)  0.39(0.28-0.54)  <0.001
Adjusted OR (95% CI)3 1.00 0.65(0.46-0.92) 0.38(0.27-0.54)  <0.001
Adjusted OR (95% CI)* 1.00 0.71(0.48-1.06) 0.52(0.35-0.78)  <0.001
Adjusted OR (95% CI)5 1.00 0.70 (0.49-1.00)  0.45(0.31-0.65)  <0.001
Metabolic Syndrome (n, %)3 86 (69.4) 195 (58.9) 128 (40.0)
Crude OR (95% CI) 1.00 0.63 (0.41-0.98)  0.29 (0.28-0.54)  <0.001
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Vitamin D Status®

Deficient Inadequate Adequate p-trend
25(0H)D  25(0H)D 25(0H)D
<20 ng/ml 20to <30 ng/ml =30 ng/ml
Adjusted OR (95% CI)3 1.00 0.65(0.46-0.92) 0.38(0.19-0.46)  <0.001
Adjusted OR (95% CI)* 1.00 0.62 (0.39-0.96) 0.28 (0.18-0.45)  <0.05
Adjusted OR (95% CI)5 1.00 0.64(0.37-1.11)  0.39 (0.23-0.68) ~ <0.001
Women
High Waist Circumference? (n, %) 104 (47.3) 88(33.3) 35(25.4)
Crude OR (95% CI) 1.00 0.56 (0.39-0.81)  0.38 (0.24-0.60)  <0.001
Adjusted OR (95% CI)3 1.00 0.56 (0.39-0.81) 0.39 (0.24-0.62)  <0.001
Adjusted OR (95% CI)* 1.00 0.69(0.40-1.21)  0.90 (0.45-1.80)  0.58
Triglycerides =150 mg/dL (n, %) 105 (47.7) 114 (43.2) 54 (39.1)
Crude OR (95% CI) 1.00 0.83(0.58-1.19) 0.70 (0.46-1.08)  0.11
Adjusted OR (95% CI)3 1.00 0.82 (0.57-1.18)  0.70 (0.45-1.09)  0.11
Adjusted OR (95% CI)4 1.00 0.96 (0.65-1.41) 1.00 (0.63-1.60)  0.96
Adjusted OR (95% CI)® 1.00 0.91(0.62-1.33) 0.88(0.55-1.39)  0.55
Low HDL (n, %) 84(382)  68(25.8) 31(22.5)
Crude OR (95% CI) 1.00 0.56 (0.38-0.83)  0.47 (0.29-0.76)  <0.001
Adjusted OR (95% CI)3 1.00 057 (0.38-0.84)  0.47 (0.29-0.76)  0.001
Adjusted OR (95% CI* 1.00 0.64(0.43-0.97) 0.62(0.37-1.03)  <0.05
Adjusted OR (95% CI)5 1.00 0.63 (0.42-0.95) 059 (0.35-0.98)  <0.05
Blood Pressure 2130/>85 mmHg (n, %) 116 (52.7) 136 (51.5) 72 (52.2)
Crude OR (95% CI) 1.00 0.95 (0.67-1.36)  0.98 (0.64-1.50)  0.89
Adijusted OR (95% CI)3 1.00 0.96 (0.66-1.39)  0.99 (0.64-1.55)  0.951
Adjusted OR (95% CI)4 1.00 1.11(0.76-1.65) 1.37(0.86-2.19) 0.19
Adjusted OR (95% CI)5 1.00 1.02 (0.70-1.49) 1.13(0.71-1.78) 0.63
Fasting glucose =2100mg/dL (n, %) 103 (46.8) 101 (38.3) 40 (29.0)
Crude OR (95% CI) 1.00 0.70 (0.49-1.01)  0.46 (0.29-0.73)  <0.001
Adjusted OR (95% CI)3 1.00 0.72(0.50-1.04)  0.48(0.30-0.75)  0.001
Adjusted OR (95% CI)4 1.00 0.84 (0.57-1.25) 0.68 (0.42-1.10) 0.12
Adjusted OR (95% CI)5 1.00 0.76 (0.52-1.10)  0.53 (0.33-0.85)  <0.05
Metabolic Syndrome (n, %)7 96 (43.6) 87(33.0) 34 (24.6)
Crude OR (95% CI) 1.00 0.63 (0.44-0.92) 0.42 (0.26-0.68)  <0.001
Adjusted OR (95% CI)3 1.00 0.63(0.44-0.92) 0.43(0.27-0.69)  <0.001
Adjusted OR (95% CI)* 1.00 0.83(0.54-1.28) 0.76 (0.44-1.32)  0.30
Adjusted OR (95% CI)5 1.00 0.70 (0.46-1.06)  0.55(0.33-0.93)  <0.05
Metabolic Syndrome (n, %)8.9 83 (51.2) 58 (34.9) 22(27.6)
Crude OR (95% CI) 1.00 0.51(0.33-0.80) 0.34 (0.19-0.61)  <0.001
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Vitamin D Status®

Deficient Inadequate Adequate p-trend

25(0OH)D 25(0H)D 25(0OH)D

<20 ng/ml 20to <30 ng/ml =30 ng/ml
Adjusted OR (95% CI)3 1.00 0.53 (0.34-0.83) 0.38(0.21-0.69)  <0.001
Adjusted OR (95% CI)4 1.00 0.59 (0.27-1.26)  0.79 (0.29-2.13)  0.42
Adjusted OR (95% C|)5 1.00 0.64 (0.33-1.24) 0.55(0.24-2.16) 0.12

Vitamin D status as assessed using Endocrine Society criteria for classification of 25(OH)D concentrations.

2High waist circumference classification for Men >40 inches; for Women >35 inches.

3Model adjusted for age, race/ethnicity; also adjusted for sex in analyses that included the total population.

4Model adjusted for age, race/ethnicity, and BMI; also adjusted for sex in analyses that included the total population.
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5Model adjusted for age, race/ethnicity, supplemental calcium, and WHR; also adjusted for sex in analyses that included the total population.

6Low HDL cholesterol classification for Men <40mg/dL; for Women <50mg/dL.

7Metabolic syndrome defined by modified ATP-III criteria.

8Metabolic syndrome defined by IDF criteria.

9P—interaction by sex for metabolic syndrome=0.16.
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Table 4

Crude and adjusted ORs (95% Cls) for components of Metabolic Syndrome and Metabolic Syndrome, by
overall vitamin D metabolite profilel.

Vitamin D profile

Low High
Total population

High Waist Circumference (n, %)2 69 (58.5) 45(27.3)

Crude OR (95% Cl) 1.00 0.27 (0.16-0.44)

Adijusted OR (95% CI)3 1.00 0.23 (0.13-0.42)

Adjusted OR (95% CIy* 1.00 0.48 (0.18-1.27)
Triglycerides 2150 mg/dL (n, %) 65 (55.1) 51 (30.9)

Crude OR (95% Cl) 1.00 0.36 (0.22-0.60)

Adjusted OR (95% CI)3 1.00 0.29 (0.16-0.51)

Adjusted OR (95% CI)* 1.00 0.38 (0.21-0.70)

Adjusted OR (95% CI)° 1.00 0.37 (0.20-0.68)
Low HDLS (n, %) 43(36.4) 34 (20.6)

Crude OR (95% Cl) 1.00 0.45 (0.27-0.77)

Adijusted OR (95% CI)3 1.00 0.40 (0.22-0.74)

Adjusted OR (95% CI)4 1.00 0.51 (0.27-0.98)

Adjusted OR (95% CI)5 1.00 0.51 (0.27-0.98)
Blood Pressure 2130/285 mmHg (n, %) 71 (60.2) 81 (49.1)

Crude OR (95% Cl) 1.00 0.64 (0.40-1.03)

Adjusted OR (95% CI)3 1.00 0.47 (0.26-0.84)

Adijusted OR (95% CI)% 1.00 0.66 (0.35-1.23)

Adjusted OR (95% CI)® 1.00 0.52 (0.28-0.94)
Fasting glucose 2100mg/dL (n, %) 63 (53.4) 84 (50.9)

Crude OR (95% Cl) 1.00 0.90 (0.56-1.45)

Adjusted OR (95% CI)3 1.00 0.50 (0.27-0.90)

Adjusted OR (95% CI)4 1.00 0.71 (0.37-1.36)

Adjusted OR (95% CI)° 1.00 0.63 (0.34-1.19)
Metabolic Syndrome (n, %)° 63 (53.4) 46 (27.9)

Crude OR (95% Cl) 1.00 0.34 (0.21-0.55)

Adjusted OR (95% CI)3 1.00 0.22(0.12-0.42)

Adjusted OR (95% CI)% 1.00 0.38 (0.19-0.75)

Adjusted OR (95% CI)® 1.00 0.31 (0.16-0.60)
Metabolic Syndrome (n, %)’ 58 (63.0) 27(27.8)

Crude OR (95% Cl) 1.00 0.22 (0.12-0.41)

Adjusted OR (95% CI)3 1.00 0.11 (0.97-1.05)
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Vitamin D profile

Low High
Adjusted OR (95% CIy* 1.00 0.34 (0.10-1.13)
Adjusted OR (95% CI)° 1.00 0.06 (0.02-0.18)

Men

High Waist Circumference? (n, %)
Crude OR (95% CI)

Adijusted OR (95% C1)3

Adjusted OR (95% CI)4
Triglycerides 2150 mg/dL (n, %)
Crude OR (95% CI)

Adjusted OR (95% CI)3
Adjusted OR (95% CI)#
Adjusted OR (95% CI)°

Low HDL® n(%6)
Crude OR (95% CI)

Adjusted OR (95% CI)3
Adijusted OR (95% CI)%

Adjusted OR (95% CI)®

Blood Pressure 2130/285 mmHg (n, %)

Crude OR (95% CI)
Adjusted OR (95% C1)3
Adijusted OR (95% CI)%

Adjusted OR (95% CI)®
Fasting glucose =2100mg/dL (n, %)
Crude OR (95% CI)

Adjusted OR (95% CI)3
Adjusted OR (95% CI)#
Adjusted OR (95% CI)°

Metabolic Syndrome (n, %)7
Crude OR (95% CI)

Adjusted OR (95% CI)3
Adjusted OR (95% CI)4
Adjusted OR (95% CI)®

Metabolic Syndrome (n, %)8
Crude OR (95% CI)

Adjusted OR (95% CI)3

Adjusted OR (95% C1)%
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34(70.8) 37 (27.8)

1.00 0.16 (0.08-0.33)
1.00 0.17 (0.08-0.37)
1.00 0.33 (0.09-1.30)

31(64.6) 44(33.1)

1.00 0.27 (0.14-0.54)
1.00 0.28(0.14-0.58)
1.00 0.36 (0.16-0.80)
1.00 0.34 (0.16-0.74)

17 (35.4) 31(23.3)

1.00 0.55 (0.27-1.13)
1.00 0.61 (0.29-1.30)
1.00 0.78 (0.33-1.83)
1.00 0.67 (0.30-1.51)

37(77.1) 68 (51.1)

1.00 0.31 (0.15-0.66)
1.00 0.28 (0.13-0.62)
1.00 0.36 (0.15-0.86)
1.00 0.28 (0.12-0.65)

35(729) 78(58.7)

1.00 0.53 (0.26-1.09)
1.00 0.53 (0.25-1.12)
1.00 0.75 (0.32-1.75)
1.00 057 (0.26-1.28)

35(72.9) 40 (30.1)

1.00 0.16 (0.08-0.33)
1.00 0.15 (0.07-0.34)
1.00 0.29 (0.12-0.71)
1.00 0.20 (0.09-0.45)

30(88.2) 23 (31.1)

1.00 0.06 (0.02-0.19)
1.00 0.06 (0.02-0.21)
1.00 0.13 (0.01-2.08)
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Vitamin D profile

Low High
Adjusted OR (95% CI)® 1.00 0.08 (0.02-0.35)
Women
High Waist Circumference? (n, %) 35(50.0) 8(25.0)
Crude OR (95% Cl) 1.00 0.33 (0.13-0.84)
Adjusted OR (95% CI)3 1.00 0.36 (0.14-0.96)
Adjusted OR (95% CI)4 1.00 0.70 (0.17-2.94)
Triglycerides 2150 mg/dL (n, %) 34 (48.6) 7(21.9)
Crude OR (95% CI) 1.00 0.30 (0.11-0.77)
Adjusted OR (95% CI)3 1.00 0.32 (0.12-0.85)
Adjusted OR (95% CI)% 1.00 042 (0.15-1.21)
Adjusted OR (95% CI) 1.00 0.48 (0.17-1.39)

Low HDLS (n, %)
Crude OR (95% CI)
Adjusted OR (95% CI)3
Adjusted OR (95% CIy4

Adjusted OR (95% CI)°

26 (37.1) 3(9.4)

1.00 0.18 (0.05-0.63)
1.00 0.14 (0.04-0.55)
1.00 0.19 (0.04-0.74)
1.00 0.23 (0.06-0.91)

Blood Pressure 2130/>85 mmHg (n, %) 34 (48.6) 13 (40.6)

Crude OR (95% CI) 1.00 0.72 (0.31-1.69)
Adjusted OR (95% CI)3 1.00 0.99 (0.40-2.49)
Adjusted OR (95% CI)% 1.00 1.69 (0.61-4.71)
Adjusted OR (95% CI)® 1.00 1.32(0.49-3.53)
Fasting glucose 2100mg/dL (n, %) 28 (40.0) 6(18.8)
Crude OR (95% CI) 1.00 0.35 (0.13-0.95)
Adjusted OR (95% CI)3 1.00 0.40 (0.14-1.13)
Adjusted OR (95% CI)% 1.00 0.49 (0.16-1.49)
Adjusted OR (95% CI)® 1.00 0.55 (0.18-1.66)
Metabolic Syndrome (n, %)’ 28(40.0) 6(188)
Crude OR (95% Cl) 1.00 0.35 (0.13-0.95)
Adjusted OR (95% CI)3 1.00 0.40 (0.14-1.12)
Adjusted OR (95% CI)* 1.00 0.55 (0.17-1.76)
Adjusted OR (95% CI)° 1.00 0.70 (0.21-2.37)
Metabolic Syndrome (n, %)8° 28(48.3) 4(16.7)
Crude OR (95% CI) 1.00 0.21 (0.07-0.70)
Adjusted OR (95% CI)3 1.00 0.25 (0.07-0.86)
Adjusted OR (95% CI)% 1.00 0.29 (0.03-2.76)
Adjusted OR (95% CI)® 1.00 051 (0.11-2.47)
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1Classification of high vitamin D profile is 25(OH)D concentrations = 30 ng/ml and 1,25(0OH)2D concentrations = 38.4 pg/ml. Low vitamin D
profile is 25(OH)D <20 ng/ml and 1,25(0OH)2D < 28.5 pg/ml.

2High waist circumference classification for Men >40 inches; for Women >35 inches.

3Model adjusted for age, race/ethnicity, supplemental calcium; also adjusted for sex in analyses that included the total population.

4Model adjusted for age, race/ethnicity, supplemental calcium and BMI; also adjusted for sex in analyses that included the total population.
5Model adjusted for age, race/ethnicity, supplemental calcium, and WHR; also adjusted for sex in analyses that included the total population.
6Low HDL cholesterol classification for Men <40mg/dL; for Women <50mg/dL.

7Metabolic syndrome defined by modified ATP-III criteria.

8Metabolic syndrome defined by IDF criteria.
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