
Dietary Calcium, Vitamin D, and the
Prevalence of Metabolic Syndrome in
Middle-Aged and Older U.S. Women
SIMIN LIU, MD, SCD

1,2,3

YIQING SONG, MD, SCD
1

EARL S. FORD, MD, MPH
4

JOANN E. MANSON, MD, DRPH
1,2

JULIE E. BURING, SCD
1,2,5

PAUL M. RIDKER, MD, MPH
1,2,6

OBJECTIVE — To examine whether and to what extent intakes of calcium and vitamin D are
related to the metabolic syndrome in middle-aged or older women.

RESEARCH DESIGN AND METHODS — We analyzed data from 10,066 women aged
�45 years participating in the Women’s Health Study who were free of cardiovascular disease,
cancer, or diabetes and who never used postmenopausal hormones. We used multiple logistic
regression models to estimate multivariable odds ratios (ORs) and 95% CIs comparing different
dietary intake levels of calcium and vitamin D.

RESULTS — In age- and calorie-adjusted analyses, higher intakes of total, dietary, and sup-
plemental calcium were significantly and inversely associated with the prevalence of metabolic
syndrome. After further adjusting for smoking status, exercise, alcohol intake, multivitamin use,
and parental history of myocardial infarction before age 60 years, the ORs of having the meta-
bolic syndrome for increasing quintiles of total calcium intake were 1.00 (reference), 0.82 (95%
CI 0.70–0.97), 0.84 (0.71–0.99), 0.70 (0.59–0.83), and 0.64 (0.54–0.77) (P for trend
�0.0001). This association was not appreciably altered by additional adjustment for other
dietary factors or total vitamin D intake. In contrast, neither total (P for trend � 0.13) nor
supplemental (P for trend � 0.45) vitamin D was significantly associated with metabolic syn-
drome. Dietary vitamin D was inversely associated with prevalence of metabolic syndrome but
was not independent of total calcium intake. Similar strong relations between intakes of dairy
products and metabolic syndrome were also observed. After adjustment for lifestyle and dietary
factors, the multivariable ORs comparing highest with lowest intake categories were 0.66 (0.55–
0.80) (P for trend �0.0001) for total dairy products and 0.85 (0.71–1.02) (P for trend � 0.05)
for total milk intake.

CONCLUSIONS — Our results indicate that intakes of calcium and dairy products may be
associated with lower prevalence of the metabolic syndrome in middle-aged and older women.
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R ecent studies (1–3) have shown that
dairy consumption is inversely as-
sociated with body weight, hyper-

tension, glucose homeostasis, and type 2
diabetes. Although the underlying mech-
anisms remain incomplete, calcium and
vitamin D, two major components of

dairy products, have been postulated to
be primarily responsible for the beneficial
effect of dairy consumption on body
weight and insulin sensitivity (4–6). In-
tracellular calcium can act directly on adi-
pocytes to regulate lipid metabolism and
insulin-stimulated glucose uptake and

storage (7). Some studies have indicated
that dietary calcium intake may have
favorable effects on body weight (2,5),
hypertension (1), and coronary heart dis-
ease (8,9).

Vitamin D repletion improves insulin
sensitivity and insulin secretion in animal
studies (10,11). An association between
vitamin D deficiency and �-cell dysfunc-
tion has been reported in healthy and glu-
cose-tolerant subjects (4), nondiabetic
people (6), and patients with type 2 dia-
betes (12). Several small cross-sectional
studies reported an association between
low circulating concentrations of vitamin
D and the prevalence of diabetes (12–14)
and impaired glucose tolerance (4,14–
17). The metabolic syndrome defined by
the clustering of impaired glucose toler-
ance, hypertension, adiposity, and abnor-
mal lipid profiles is especially important
for identification of those at especially
high risk for type 2 diabetes and coronary
heart disease. However, epidemiologic
evidence relating calcium and vitamin D
intakes to the metabolic syndrome is lim-
ited. Moreover, calcium and vitamin D are
metabolically related since vitamin D is
critical for maintenance of intracellular
calcium homeostasis, but joint effects of
calcium intake and vitamin D intake in
relation to metabolic syndrome have not
been evaluated. To provide additional in-
formation, we examine the relationship
between dietary calcium and vitamin D
intakes and the prevalence of metabolic
syndrome in a large cohort of middle-
aged and older U.S. women.

RESEARCH DESIGN AND
METHODS — Of 39,876 female
health professionals aged �45 years in
the Women’s Health Study (18), �98% of
participants provided detailed informa-
tion on their diet by completing a 131-
item semiquantitative food frequency
questionnaire (SFFQ), and 71% provided
baseline blood samples collected in
EDTA, which were stored in liquid nitro-
gen (19). To minimize the effects of post-
menopausal hormone therapy on
metabolic parameters, we excluded
women who ever used postmenopausal
hormones, leaving 10,066 women who

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

From the 1Division of Preventive Medicine, Brigham and Women’s Hospital, Boston, Massachusetts; the
2Department of Epidemiology, Harvard School of Public Health, Boston, Massachusetts; the 3Department of
Epidemiology, UCLA School of Public Health, Los Angeles, California; the 4Division of Adult and Commu-
nity Health, Centers for Disease Control and Prevention, Atlanta, Georgia; the 5Department of Ambulatory
Care and Prevention, Harvard Medical School, Boston, Massachusetts; and the 6Department of Medicine,
Center for Cardiovascular Disease Prevention, Brigham and Women’s Hospital and Harvard Medical School,
Boston, Massachusetts.

Address correspondence and reprint requests to Simin Liu, MD, Division of Preventive Medicine, Brigham
and Women’s Hospital, 900 Commonwealth Ave. East, Boston, MA 02215. E-mail: siminliu@ucla.edu.

Received for publication 25 July 2005 and accepted in revised form 7 September 2005.
Abbreviations: SFFQ, semiquantitative food frequency questionnaire.
A table elsewhere in this issue shows conventional and Système International (SI) units and conversion

factors for many substances.
© 2005 by the American Diabetes Association.
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby

marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

M e t a b o l i c S y n d r o m e / I n s u l i n R e s i s t a n c e S y n d r o m e / P r e - D i a b e t e s
O R I G I N A L A R T I C L E

2926 DIABETES CARE, VOLUME 28, NUMBER 12, DECEMBER 2005



were also free of diabetes at study entry
and contributed complete data for all five
components of the metabolic syndrome
for this analysis.

Dietary intake assessment
Participants were asked how often on av-
erage they had consumed individual
foods of commonly used portions during
the previous year. Nutrient intakes were
computed by multiplying the frequency
of consumption of each unit of food from
the SFFQ by the nutrient content of the
specified portion size (20). The average
daily intakes of individual dairy items
were combined to compute dairy intake:
low-fat dairy products, including skim or
low-fat milk, sherbet, yogurt, and cottage/
ricotta cheese; high-fat dairy foods, in-
cluding whole milk, cream, sour cream,
ice cream, cream cheese, and other
cheese; and total dairy products, includ-
ing all of the above. Total milk included
skim or low-fat milk and whole milk.

Data on the use of individual and
multivitamin supplements were used to
assess intake of supplemental calcium
and vitamin D. Total calcium and vitamin
D intakes were calculated from both
dietary and supplemental sources. In
populations of nurses and health profes-
sionals, this SFFQ has demonstrated rea-
sonably good validity as a measure of
long-term average dietary intakes (20).
Pearson’s correlation coefficients between
responses from the SFFQ and those from
four 1-week dietary records spaced over a
year were 0.56 for total calcium and 0.51
for dietary calcium (20). With respect to
milk intake, the correlation coefficients
between the SFFQ and dietary records
were 0.69 for skim or low-fat milk and
0.56 for whole milk (21).

Definition of the metabolic
syndrome
The metabolic syndrome was defined us-
ing a modification of the criteria proposed
by the Adult Treatment Program III of the
National Cholesterol Education Program,
as previously described (22). Women
with three or more of the following con-
ditions were defined as having the meta-
bolic syndrome: 1) triglycerides �150
mg/dl, 2) HDL cholesterol �50 mg/dl, 3)
blood pressure �135/85 mmHg, 4) obe-
sity as defined by a BMI �30 kg/m2, and
5) abnormal glucose metabolism as de-
fined by incident type 2 diabetes. In the
Women’s Health Study, however, waist
circumference was not reported until year
6 of follow-up. To assess the robustness of

our definition for obesity, we performed
sensitivity analysis using a definition of
the metabolic syndrome based on a waist
circumference of 88 cm (�35 inch). Be-
cause fasting glucose levels were not avail-
able, we instead used the diagnosis of
incident type 2 diabetes during an average
of 8.8 years of follow-up as an alternative
measure of baseline abnormal glucose
metabolism. The validity of self-reported
type 2 diabetes has been confirmed by a
validation study, as previously reported
(23).

Biochemical measurements
Total, HDL, and LDL cholesterol and tri-
glyceride levels were measured with
direct measurement assays (Roche Diag-
nostics, Indianapolis, IN). All samples
were identically handled and analyzed in
random order to reduce systematic bias
and interassay variation. Blinded quality
control specimens were simultaneously
analyzed with the study sample.

Data analysis
The age-adjusted (in 5-year groups) base-
line characteristics according to quintiles
of total calcium and vitamin D intake
were compared. Proportions were tested
with the stratified Mantel-Haenszel test,
and mean values were compared using
multiple linear regression. We applied a
logistic regression model to examine the
association between calcium and vitamin
D intake and the risk of metabolic syn-
drome. The odds ratios (OR) and 95% CIs
for the prevalence of the metabolic syn-
drome were calculated. The initial model
was adjusted for age (continuous), total
calorie intake (continuous), and random-
ized treatment. In multivariate models,
we further adjusted for smoking status
(current, past, and never), exercise (rare-
ly/never, less than once per week, one to
three times per week, and four or more
times per week), alcohol intake (rarely/
never, one to three drinks per month, one
to six drinks per week, and one or more
drinks per day), multivitamin use (never,
past, and current), and parental history of
myocardial infarction before age 60 years
(yes/no). The second multivariable model
added dietary factors, including intakes of
total fat, cholesterol, protein, and glyce-
mic load (all categorized as quintiles). In
the final multivariable-adjusted model,
we additionally adjusted for total calcium
intake or total vitamin D intake. Tests of
linear trend were conducted by assigning
the medians of intakes in quintiles treated
as a continuous variable. Furthermore,

potential joint effects or effect modifica-
tions were evaluated by subgroup analy-
ses stratified by the prespecified factors
including age (�65 vs. �65 years) and
smoking status (never, past, or current
smokers). Likelihood ratio test was used
to assess the significance of interaction.
All statistical analyses were conducted us-
ing SAS (version 8.0; SAS Institute, Cary,
NC). Statistical significance was set at P �
0.05, using two-sided tests.

RESULTS — There was an approxi-
mately three- to fivefold difference in me-
dian intake of calcium or vitamin D
between the highest and lowest quintiles
of the study population (514 vs. 1,583
mg/day for total calcium and 120 vs. 667
IU/day for total vitamin D). The median
intake was 857 mg/day (87.9% from diet
and 12.1% from supplements) for total
calcium and 266 IU/day (83.6% from diet
and 16.4% from supplements) for vitamin
D in these middle-aged women.

As shown in Table 1, women with
high calcium intake were slightly older
and leaner and less likely to smoke, drink
alcohol, or have a history of hypertension
and were more likely to exercise and use
multivitamins than those with lower cal-
cium intake. Calcium intake was also pos-
itively associated with dietary protein,
fiber, and glycemic load and inversely as-
sociated with dietary fat and cholesterol.
Similar associations were found for vita-
min D intake, except that vitamin D in-
take was positively associated with
cholesterol intake.

Table 2 displays age-adjusted meta-
bolic syndrome components according to
quintiles of calcium and vitamin D intake
at baseline. Overall, the prevalence of
each of the five components was lower in
women in the highest quintile of calcium
and vitamin D intake than in those in the
lowest quintile. All these associations
reached statistical significance with sev-
eral exceptions; hypertriglyceridemia was
not associated with total intakes of cal-
cium and vitamin and incident type 2 di-
abetes was not associated with dietary
vitamin D intake. Similarly, there were in-
verse associations between calcium and
vitamin D intakes and the prevalence of
metabolic syndrome defined as the total
number of components. Because the pro-
portion of women with all five metabolic
syndrome components was small, we may
not have adequate statistical power to de-
tect significant trends for both calcium
and vitamin D intakes.

In the age- and total calorie–adjusted
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model, total calcium intake was signifi-
cantly associated with the prevalence of
metabolic syndrome (Table 3). Similar as-
sociations were observed for calcium in-
take from either diet or supplements; the
multivariable ORs (model 1) for the high-
est relative to the lowest category were
0.69 (95% CI 0.58 – 0.82) (P for
trend�0.0001) for dietary calcium and
0.84 (0.70–0.99) (P for trend � 0.005)
for supplemental calcium. Further adjust-
ment for dietary total fat, cholesterol, pro-
tein, and glycemic load (model 2) did not
materially change these inverse associa-
tions. Neither did additional adjustment
for total vitamin D (model 3). In contrast,
a significant inverse association was con-
sistently evident only for dietary vitamin
D and the metabolic syndrome. However,
this association appeared to be entirely
explained by adding total calcium intake.
In sensitivity analysis, we repeated statis-
tical models using a waist circumference

(�88 cm) and found similar results (data
not shown).

Because intake of calcium was highly
correlated to intake of vitamin D (correla-
tion coefficient � 0.73), we further exam-
ined the joint association of dietary
vitamin D and calcium together as a nine-
category variable with risk of metabolic
syndrome. An inverse association be-
tween dietary calcium intake and the met-
abolic syndrome was observed in women
in each tertile of dietary vitamin D intake
without significant interaction (P � 0.60)
(data not shown). We also found no ap-
parent modification of the relation be-
tween dietary vitamin D intake and the
prevalence of metabolic syndrome by
smoking status and age (data not shown).

To assess the internal consistency of
our observations, we also examined the
direct relations of major dairy products
with the metabolic syndrome (Table 4).
There were trends for lower prevalence of

the metabolic syndrome associated with
total diary products, high-fat dairy prod-
ucts, low-fat dairy products, and total
milk intake.

CONCLUSIONS — In this large co-
hort of middle-aged and older U.S.
women, we observed a significantly lower
prevalence of the metabolic syndrome
among those with higher calcium intake
(both food and supplements). Similar in-
verse associations were also evident for
intake of dairy products and the meta-
bolic syndrome. There was a suggestion
of an inverse association between vitamin
D intake and metabolic syndrome, but
this association was no longer apparent
after adjustment for other major lifestyle
risk factors including calcium intake.

Our findings are consistent with pre-
vious observations (1,2,5,24) of an in-
verse association between calcium intake
and blood pressure and insulin sensitiv-

Table 1—Age-adjusted characteristics according to quintiles of dietary vitamin D or calcium intake among 10,066 apparently healthy women
in the Women’s Health Study*

Characteristics

Dietary calcium† Dietary vitamin D†

Q1
(223–
561)

Q3
(684–
805)

Q5
(1005–
2596) P for trend

Q1
(5.36–
140)

Q3
(190–
243)

Q5
(316–
1058) P for trend

n 2,013 2,013 2,013 2,013 2,014 2,013
Median intake 486 740 1,168 — 111 215 377 —
Mean age (years) 52 � 6.9 52 � 6.7 53 � 7.2 0.04 52 � 6.7 52 � 7.1 53 � 7.3 �0.0001
Mean BMI (kg/m2) 26.4 25.9 25.1 �0.0001 26.2 26.0 25.3 �0.0001
Current smoking (%) 17.7 10.1 7.2 �0.0001 15.0 9.3 8.2 �0.0001
Vigorous exercise (four or more

times per week) (%)
7.6 11.4 14.1 �0.0001 8.9 10.8 14.5 �0.0001

Alcohol consumption (g/day) 5.5 4.5 4.2 �0.0001 5.1 4.6 4.5 0.003
Parental history of myocardial

infarction before age 60 years (%)
15.3 14.4 12.8 0.19 15.9 15.4 14.2 0.68

History of hypertension (%)‡ 23.4 22.1 17.7 �0.0001 22.8 19.7 19.8 0.02
History of hyperlipidemia (%)§ 23.7 24.2 22.7 0.19 23.1 24.3 24.2 0.29
Multivitamin use (%) 12.9 25.4 45.7 �0.0001 7.6 11.9 75.2 �0.0001
Mean daily intake

Total calorie (kcal) 1,653 1,757 1,662 0.002 1,647 1,821 1,636 0.05
Total fat (g) 62.3 57.0 53.7 �0.0001 61.1 57.5 55.1 �0.0001
Protein (g) 76.5 80.5 84.2 �0.0001 74.7 82.1 83.7 �0.0001
Cholesterol (mg) 235 221 214 �0.0001 218 225 224 0.12
Fiber (g) 16.8 19.2 19.3 �0.0001 17.9 18.6 19.2 �0.0001
Dietary glycemic load§ 165 168 168 �0.0001 168 166 168 0.95
Calcium (mg) 501 863 1,695 �0.0001 686 947 1,289 �0.0001
Vitamin D (IU) 194 327 504 �0.0001 116 268 713 �0.0001
Total dairy products (servings) 0.99 2.01 2.61 �0.0001 1.21 2.16 2.17 �0.0001
Total fish intake (servings) 0.22 0.26 0.25 0.002 0.15 0.29 0.29 �0.0001
Red meat (servings) 0.88 0.67 0.54 �0.0001 0.80 0.74 0.58 �0.0001

Data are means � SD, unless otherwise indicated. *All nutrient variables are energy adjusted. †Intake ranges are in parenthesis; mg/day for calcium and IU/day for
vitamin D; history of hypertension is defined as a diagnosis of physician or self-reported blood pressure �140/90 mmHg. ‡History of high cholesterol is defined as
having either any history of cholesterol-lowering medication use or a physician diagnosis of high cholesterol or a self-reported cholesterol �240 mg/dl. §Glycemic
load was defined as an indicator of blood glucose induced by an individual’s total carbohydrate intake. Each unit of glycemic load represents the equivalent of 1 g
carbohydrate from white bread.
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ity. Numerous epidemiologic studies
have suggested that low calcium intake
may be a risk factor for primary hyperten-
sion (25). Most trial data have shown that
calcium supplementation led to a reduc-
tion in blood pressure among hyperten-
sive patients (26). Recently, animal and
human studies indicated that high cal-
cium intake might decrease levels of para-
thyroid hormone and 1,25(OH) vitamin
D and thus influence adipocyte metabo-
lism by inhibiting lipogenesis and stimu-
lating lipolysis (7). However, few studies
have specifically examined the associa-
tion between calcium intake and the met-

abolic syndrome, although it is plausible
that a potential beneficial effect of calcium
intake is partially mediated by its effects
on blood pressure, insulin sensitivity, and
body weight.

In contrast, our findings did not show
an inverse association between vitamin D
intake and the metabolic syndrome, al-
though an inverse association between se-
rum concentrations of vitamin D and the
presence of metabolic syndrome has been
observed in several studies (4,27). Vita-
min D is an essential nutrient for calcium
homeostasis, which is largely consumed
as vitamin D2 (ergocalciferol) or D3

(cholecalciferol). Accumulating data indi-
cate that people with impaired glucose
tolerance (16,28) and diabetes (12,16,28)
have lower concentrations of vitamin D
compared with those with normal glucose
tolerance. Also, low concentrations of vi-
tamin D are associated with �-cell dys-
function and impaired insulin secretion
and action (4,16). In a clinical study of
126 participants, those with hypovita-
minosis D were nearly three times as
likely to have the metabolic syndrome as
participants with normal concentrations
of vitamin D (30 vs. 11% of participants,
P � 0.001) (4). More recently, we have

Table 2—Age-adjusted characteristics of metabolic syndrome components according to quintiles of intakes of total and dietary calcium and
vitamin D*

Total calcium Dietary calcium

Q1 (210–
610)

Q3 (771–
979)

Q5 (1284–
4211) P for trend

Q1 (223–
561)

Q3 (684–
805)

Q5 (1005–
2596) P for trend

Metabolic abnormalities*
Abdominal obesity (%)

Waist circumference (�35
inches)

46.6 41.8 37.1 �0.0001 44.8 42.5 39.0 �0.0001

BMI �30 kg/m2 21.0 17.0 13.1 �0.0001 20.0 18.1 14.1 �0.0001
Low HDL cholesterol (%)† 54.1 50.6 45.1 �0.0001 52.3 47.3 49.4 0.06
Hypertriglyceridemia (%)‡ 28.3 26.5 26.3 0.16 28.8 27.5 25.6 0.03
High blood pressure (%)§ 34.4 30.3 26.3 �0.0001 34.2 31.0 26.6 �0.0001
Incident type 2 diabetes (%)� 5.6 3.5 2.7 �0.0001 4.9 3.7 3.3 0.0006
Metabolic syndrome#

One or more components (%) 71.5 67.5 63.0 �0.0001 70.3 66.0 65.3 0.0001
Two or more components (%) 42.5 36.4 32.3 �0.0001 41.8 36.5 33.6 �0.0001
Three or more components (%) 20.7 17.4 13.3 �0.0001 20.3 17.2 14.3 �0.0001
Four or more components (%) 7.7 5.9 4.3 �0.0001 6.9 6.7 5.0 0.001
Five components (%) 1.1 0.7 0.6 0.07 1.0 1.0 0.9 0.29

Total vitamin D Dietary vitamin D

Q1 (6.0–
159)

Q3 (225–
319)

Q5 (511–
2369) P for trend

Q1 (5.36–
140)

Q3 (190–
243)

Q5 (316–
1058) P for trend

Metabolic abnormalities*
Abdominal obesity (%)
Waist circumference (�35 inches) 43.5 42.1 39.7 0.0004 43.1 45.9 38.9 0.003
BMI �30 kg/m2 20.2 18.5 14.4 �0.0001 19.3 18.3 14.2 �0.0001
Low HDL cholesterol (%)† 51.9 50.2 45.6 �0.0001 51.1 50.0 47.8 0.05
Hypertriglyceridemia (%)‡ 26.9 25.2 27.9 0.12 29.6 25.6 26.6 0.02
High blood pressure (%)§ 33.0 29.1 27.6 �0.0001 32.7 31.1 27.4 �0.0001
Incident type 2 diabetes (%)� 4.6 4.0 3.4 0.02 4.4 3.8 3.9 0.29
Metabolic syndrome(#)
One or more components (%) 69.8 66.0 63.8 0.0001 69.9 66.9 65.2 0.001
Two or more components (%) 39.7 36.8 34.3 �0.0001 40.6 38.3 33.0 �0.0001
Three or more components (%) 18.7 17.6 15.2 0.0009 18.6 17.2 14.7 0.0003
Four or more components (%) 7.1 5.7 5.0 0.005 6.9 5.6 5.9 0.007
Five components (%) 1.2 0.8 0.6 0.09 1.1 0.9 1.0 0.40

*The metabolic abnormalities were defined following our modified National Cholesterol Education Program Adult Treatment Panel III criteria; intake ranges are in
parenthesis; mg/day for calcium and IU/day for vitamin D. †HDL cholesterol �50 mg/dl. ‡Triglycerides �150 mg/dl. §Blood pressure �135/85 mmHg. �The
diagnosis of incident type 2 diabetes during follow-up was used as an indicator of baseline abnormal glucose metabolism. #The metabolic syndrome was defined as
having three or more components; adiposity was defined using BMI �30 kg/m2.
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also reported an inverse relationship be-
tween serum concentrations of vitamin D
and the prevalence of the metabolic syn-
drome in the Third National Health and
Nutrition Examination Survey of the U.S.
population (27). Our null results for vita-
min D intake may be attributed to inade-
quate measures of overall vitamin D
intake due to the lack of information on
sun exposure, because the synthesis of vi-
tamin D3 in the skin induced by the ul-
traviolet radiation from the sun is an
important source of vitamin D. To date,
serum concentrations of 25-(OH) vitamin

D are considered as a reliable measure for
vitamin D status in the human body, but
the correlation between vitamin D intake
assessed by the SFFQ and 25-(OH) vita-
min D concentrations appeared to be rel-
atively low (r2 � 0.35 for total vitamin D
and 0.25 for dietary vitamin D) (29).

It has been reported that supplemen-
tation with vitamin D improves insulin
secretion (6,30). In our study, however,
supplemental vitamin D contributed a
relatively small proportion of total vita-
min D intake (�15%) and did not signif-
icantly affect the metabolic syndrome.

Moreover, the biological effects of vitamin
D may well depend on the presence or
absence of other highly correlated nutri-
ents such as calcium. Both vitamin D and
calcium are metabolically related and
thereby contribute to the pathogenesis of
metabolic abnormalities through com-
mon or different mechanisms. Given the
strong evidence from both animal studies
and human studies, a potential role of di-
etary vitamin D in the pathogenesis of
metabolic disorders cannot be completely
ruled out at present.

The 10th Recommended Dietary Al-

Table 3—OR of metabolic syndrome according to quintiles of dietary vitamin D and calcium intakes*

Quintiles of intake

P
for trend1 (lowest) 2 3 4

5
(highest)

Total calcium
Median intake (mg/day) 516 694 859 1,121 1,586
Age (total calorie adjusted)† 1.00 0.81 (0.69–0.95) 0.78 (0.66–0.92) 0.67 (0.57–0.79) 0.59 (0.50–0.70) �0.0001
Model 1‡ 1.00 0.82 (0.70–0.97) 0.84 (0.71–0.99) 0.70 (0.59–0.83) 0.64 (0.54–0.77) �0.0001
Model 2§ 1.00 0.82 (0.70–0.97) 0.87 (0.73–1.03) 0.72 (0.61–0.87) 0.68 (0.56–0.82) �0.0001
Model 3� 1.00 0.82 (0.69–0.98) 0.86 (0.72–1.04) 0.73 (0.60–0.88) 0.68 (0.55–0.83) 0.0003

Dietary calcium
Median intake (mg/day) 486 624 740 889 1,168
Age (total calorie adjusted)† 1.00 0.85 (0.72–0.99) 0.80 (0.68–0.94) 0.72 (0.61–0.85) 0.65 (0.55–0.76) �0.0001
Model 1‡ 1.00 0.90 (0.76–1.06) 0.86 (0.73–1.01) 0.79 (0.66–0.93) 0.69 (0.58–0.82) �0.0001
Model 2§ 1.00 0.89 (0.76–1.05) 0.87 (0.74–1.03) 0.81 (0.68–0.97) 0.73 (0.61–0.88) 0.0009
Model 3� 1.00 0.89 (0.75–1.06) 0.87 (0.73–1.04) 0.81 (0.67–0.98) 0.74 (0.60–0.92) 0.006

Supplemental calcium
Median intake (range, mg/day) 0 17 (�37.9) 91 (37.9–�240.6) 597 (�240.6)
Age (total calorie adjusted)† 1.00 1.05 (0.89–1.24) 0.96 (0.80–1.15) 0.77 (0.65–0.90) �0.0001
Model 1‡ 1.00 1.0 (0.90–1.26) 1.02 (0.84–1.23) 0.84 (0.70–0.99) 0.005
Model 2§ 1.00 1.06 (0.89–1.25) 1.02 (0.84–1.24) 0.85 (0.71–1.01) 0.01
Model 3� 1.00 1.06 (0.89–1.26) 1.04 (0.86–1.27) 0.86 (0.72–1.02) 0.01

Total vitamin D
Median intake (IU/day) 121 192 267 390 667
Age (total calorie adjusted)† 1.00 0.92 (0.78–1.08) 0.88 (0.74–1.03) 0.77 (0.65–0.91) 0.78 (0.66–0.93) 0.002
Model 1‡ 1.00 0.97 (0.82–1.14) 0.93 (0.78–1.10) 0.82 (0.69–0.98) 0.88 (0.72–1.08) 0.13
Model 2§ 1.00 0.95 (0.80–1.13) 0.92 (0.77–1.09) 0.83 (0.69–1.00) 0.89 (0.72–1.09) 0.22
Model 3� 1.00 1.00 (0.84–1.20) 1.01 (0.84–1.22) 0.97 (0.79–1.19) 1.05 (0.84–1.32) 0.68

Dietary vitamin D
Median intake (IU/day) 111 167 215 275 377
Age (total calorie adjusted)† 1.00 0.98 (0.83–1.16) 0.89 (0.75–1.05) 0.85 (0.72–1.00) 0.77 (0.65–0.91) 0.0005
Model 1‡ 1.00 1.03 (0.87–1.22) 0.96 (0.81–1.14) 0.92 (0.78–1.09) 0.84 (0.71–1.00) 0.02
Model 2§ 1.00 1.00 (0.84–1.18) 0.92 (0.78–1.10) 0.90 (0.75–1.07) 0.85 (0.70–1.02) 0.05
Model 3� 1.00 1.04 (0.88–1.24) 0.99 (0.83–1.19) 1.01 (0.83–1.22) 1.01 (0.82–1.24) 0.94

Supplemental vitamin D
Median intake (range, IU/day) 0 5.34 (�12.23) 28.5 (12.23–�242.7) 403 (�242.7)
Age (total calorie adjusted)† 1.00 1.02 (0.86–1.20) 0.87 (0.71–1.06) 0.92 (0.79–1.08) 0.42
Model 1‡ 1.00 1.03 (0.86–1.22) 0.92 (0.75–1.13) 1.04 (0.86–1.27) 0.45
Model 2§ 1.00 1.02 (0.86–1.22) 0.92 (0.75–1.13) 1.05 (0.86–1.28) 0.44
Model 3� 1.00 1.03 (0.87–1.22) 0.97 (0.78–1.19) 1.00 (0.83–1.20) 0.16

Data are OR (95% CI). *The metabolic syndrome was defined following our modified National Cholesterol Education Program Adult Treatment Panel III criteria
(three or more components) and adiposity was defined using BMI (�30 kg/m2). †Randomized treatment assignment in the Women’s Health Study was also included
in all the models. ‡Model 1 additionally adjusted for smoking, exercise, total calories, alcohol use, multivitamin use, and parental history of myocardial infarction
before age 60 years. §Model 2 included all covariates in model 1 and dietary intakes of total fat, cholesterol, protein, and glycemic load. �Model 3 included total
vitamin D in the model 2 for calcium intake and included total calcium intake in the model 2 for vitamin D intake.
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lowances of calcium is 800 mg/day for
adults aged �25 years; the recommended
daily allowances of vitamin D is 200 IU/
day up to the age of 50 years, 400 IU/day
for people from age 51 to 70 years, and
600 IU/day for people aged �70 years
(31). The median intake of total vitamin D
is slightly higher than the 10th Recom-
mended Daily Allowances. Recently, the
Food and Nutrition Board raised the ade-
quate daily intake of calcium intake to
1,200 mg/day for women aged �50 years
(32).

Our findings that dairy products were
significantly associated with risk of the
metabolic syndrome were consistent with
those reported previously from the Coro-
nary Artery Risk Development in Young
Adults study, where dairy consumption
was inversely related to the development
of the metabolic syndrome (3). Neverthe-
less, many major components in such
foods are highly correlated so that it is
difficult to completely separate the inde-
pendent effects. Further research needs to
determine what compounds are responsi-
ble for the potential beneficial effects of
dairy products on metabolic syndrome
components

Several limitations should be kept in
mind when interpreting these findings.
First, dietary assessment is not perfect and
its associated measurement error may
have biased findings toward the null. Sec-
ond, our cross-sectional design cannot

demonstrate the temporal relationship
between calcium intake and risk of meta-
bolic syndrome. Third, the Women’s
Health Study included mainly Caucasian
women; our findings may not be directly
generalized to the general U.S. population.

In conclusion, we found that high cal-
cium intake and dairy product consump-
tion are associated with lower prevalence
of the metabolic syndrome in middle-
aged and older women. There was no sig-
nificant inverse association between
vitamin D intake and metabolic syn-
drome. These findings warrant further
examination in prospective studies in-
cluding clinical trials.
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