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OBJECTIVE — We sought to compare the effects of combined calcium and vitamin D supplementation versus placebo on blood glucose and markers of inflammation in nondiabetic
adults aged ⱖ65 years.
RESEARCH DESIGN AND METHODS — A total of 314 Caucasian adults without
diabetes received either 500 mg calcium citrate and 700 IU vitamin D3 or placebos daily for 3
years in a double-blind, randomized, controlled trial designed for bone-related outcomes. In a
post hoc analysis, fasting plasma glucose (FPG), insulin sensitivity (estimated by homeostasis
model assessment of insulin resistance [HOMA-IR]), plasma C-reactive protein, and interleukin-6, were measured at baseline and 3 years.
RESULTS — The effects of combined calcium–vitamin D supplementation on 3-year change
in FPG depended on baseline FPG (P ⫽ 0.02 for interaction). Therefore, we conducted analyses
separately in participants with normal fasting glucose (NFG) (FPG ⬍5.6 mmol/l, n ⫽ 222) and
impaired fasting glucose (IFG) (FPG 5.6 – 6.9 mmol/l, n ⫽ 92) at baseline. Among participants
with IFG at baseline, those who took combined calcium–vitamin D supplements had a lower rise
in FPG at 3 years compared with those on placebo (0.02 mmol/l [0.4 mg/dl] vs. 0.34 mmol/l [6.1
mg/dl], respectively, P ⫽ 0.042) and a lower increase in HOMA-IR (0.05 vs. 0.91, P ⫽ 0.031).
In the NFG subgroup, there was no difference in the change in FPG or HOMA-IR between the
two treatment arms. There were no differences in C-reactive protein or interleukin-6 between the
two treatment arms in either subgroup.
CONCLUSIONS — In healthy, older adults with IFG, supplementation with calcium and
vitamin D may attenuate increases in glycemia and insulin resistance that occur over time.
However, our findings should be considered hypothesis generating and need to be confirmed in
randomized trials specifically designed for the outcomes of interest.
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T

ype 2 diabetes is associated with
considerable morbidity and mortality, and its prevalence has been increasing nationally and worldwide with
more than 1 million new cases per year
diagnosed in the U.S. alone (1,2). Poten-

tially modifiable risk factors for type 2 diabetes have been identified, the major one
being obesity (3). However, although
weight loss has been shown to be successful in delaying the onset of type 2 diabetes, it is difficult to achieve and maintain

long term (4). Therefore, identification of
weight-independent, easily modified risk
factors is urgently needed to attenuate the
increase in the incidence of type 2 diabetes. There is accumulating evidence to
suggest that altered calcium and vitamin
D homeostasis may play a role in the development of type 2 diabetes. The role of
vitamin D is suggested by cross-sectional
studies showing that low serum 25hydroxyvitamin D concentration is associated with glucose intolerance, diabetes,
insulin resistance, and the metabolic syndrome (5–11). The role of calcium in the
development of type 2 diabetes is suggested indirectly by cross-sectional studies in which high calcium intake has been
found to be inversely associated with
body weight and fatness (12–16). In the
Nurses’ Health Study, a large prospective
observational study in women, it was recently shown that a combined high intake
of calcium and vitamin D is inversely associated with risk of incident type 2 diabetes (17). Despite the supporting
evidence from observational studies, the
results of small intervention studies with
vitamin D or calcium supplementation on
glucose tolerance have been inconsistent
(18 –26).
The purpose of the present study was
to determine the effects of combined calcium and vitamin D supplementation on
glucose metabolism and systemic inflammation in nondiabetic adults.
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RESEARCH DESIGN AND
METHODS — The present study is an
ancillary analysis using existed data and
new metabolic measurements in archived
samples from a completed double-blind,
parallel-group, single-center, randomized, controlled 3-year clinical trial on the
effects of calcium and vitamin D supplementation on osteoporosis (27).
The trial was conducted at the Human Nutrition Research Center on Aging at Tufts University with approval
from the Tufts–New England Medical
Center Human Investigation Review Committee and written informed consent by all
participants.
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Participants were healthy, ambulatory adults aged ⱖ65 years and recruited
through direct mailings and presentations
in the community. Criteria for exclusion
included current cancer, laboratory evidence of kidney or liver disease, dietary
calcium intake exceeding 1,500 mg per
day, and bone-altering conditions (hyperparathyroidism; nephrolithiasis; renal
disease; bilateral hip surgery; or therapy
with bisphosphonate, calcitonin, estrogen, tamoxifen, or testosterone in the past
6 months or fluoride in the past 2 years).
Randomization and intervention
A computer-generated random number
sequence was used to assign participants
to either the placebo or the calciumvitamin D supplementation group with
stratification according to sex and decade
of age. Participants were advised to maintain their usual diets and avoid taking
supplemental calcium and vitamin D on
their own for 2 months before and
throughout the study. At bedtime, participants took separate pills containing 700
IU cholecalciferol (vitamin D3) and 500
mg elemental calcium as calcium citrate
or separate matching placebo tablets containing microcrystalline cellulose.
During the 3-year trial, 127 participants discontinued treatment; 4 died, 40
stopped for personal reasons (e.g., they
lost interest or moved away), 46 withdrew
because of illness, 17 started estrogen or
glucocorticoid therapy, and 20 withdrew
because of problems with the medication.
These participants were encouraged to return for all subsequent follow-up evaluations. At the last visit, 389 participants
(87% of the 445 randomized) returned
for evaluation. Among those, we excluded
nonwhite persons (n ⫽ 14) because in
previous studies, vitamin D deficiency
correlated with diabetes primarily in
whites (7,17) and because nonwhites exhibit a different vitamin D, calcium, and
parathyroid hormone (PTH) homeostasis
(28,29). We excluded patients with diabetes (n ⫽ 21), based on either self-report
or baseline fasting plasma glucose (FPG)
ⱖ7 mmol/l (126 mg/dl) (30), to minimize
confounding with diabetes therapy during the course of the trial. We also excluded participants who did not have
stored specimens available for measurement of glucose tolerance outcomes (n ⫽
38). The baseline characteristics of the
group without specimens did not differ
from the cohort with available specimens.
After excluding two additional participants with very high C-reactive protein at
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baseline (⬎30 mg/l), indicating a severe
inflammatory process, 314 participants
entered the analyses.
Outcomes and measurements
Ascertainment of exposures. Calcium
and vitamin D intakes were estimated at
baseline on the basis of a food frequency
questionnaire (31). Vitamin D status was
assessed by measuring serum 25hydroxyvitamin D levels both at baseline
and after the intervention to assess the efficacy of the vitamin D supplementation.
Ascertainment of outcomes. Glucose
tolerance was assessed by measuring
FPG. The latest American Diabetes Association criteria (30) were used to classify
participants’ glucose tolerance based on
baseline FPG values: normal fasting glucose (NFG) ⬍5.6 mmol/l (100 mg/dl),
impaired fasting glucose (IFG) 5.6 – 6.9
mmol/l (100 –125 mg/dl), IFG, and diabetes ⱖ7 mmol/l (126 mg/dl). Assessment of insulin sensitivity in the basal
(nonstimulated) state was estimated by
the homeostasis model assessment of insulin resistance (HOMA-IR) based on
fasting glucose and insulin measurements
as follows: HOMA-IR ⫽ (glucose [mmol/
l] ⫻ insulin [mU/l])/22.5 (32). High
HOMA-IR scores denote low insulin sensitivity (increased insulin resistance).
HOMA-IR has a high correlation with
measures of insulin sensitivity obtained
from the euglycemic clamp procedure
(33,34), including prediction of agerelated insulin resistance in older people
(35). We did not assess pancreatic ␤-cell
function using HOMA because HOMA
modeling of ␤-cell function is not valid in
older persons in whom dynamic testing is
required to estimate age-related impairment of ␤-cell function (35).
Assessment of potential confounders.
Height (to ⫾0.1 cm) was measured at
baseline using a wall-mounted stadiometer, and body weight (to ⫾100 g) was
measured using an electronic calibrated
scale (Model CN-20; DETECTO-Cardinal
Scale Manufacturing, Webb City, MO).
BMI was calculated as weight in kilograms
divided by the square of height in meters
(kg/m2). Data on age, sex, and smoking
status (never, past, or current) were selfreported at baseline. Leisure, household,
and occupational activity levels were estimated at baseline with use of the Physical
Activity Scale for the Elderly questionnaire (36).
Blood analyses. Blood measurements
were done in the morning after an 8-h
overnight fast. Plasma and serum was

stored at ⫺80°C. Plasma glucose was
measured by an oxygen rate method using the Beckman Synchron LX System
(Beckman Coulter, Fullerton, CA) with
intra- and interassay coefficients of variation (CVs) of 2.0 and 3.0%, respectively.
Serum insulin was measured by radioimmunoassay commercial kit (DPC Coat-ACount Insulin assay; Diagnostic Products,
Los Angeles, CA) with intra- and interassay CVs of 3.1–9.3 and 4.9 –10.0%,
respectively. Plasma high-sensitivity
C-reactive protein was measured by the
Olympus auto-analyzer (Smith-Kline
Beecham Laboratories, Santa Cruz, CA)
using reagent from Equal Diagnostics
(Exton, PA). Assay sensitivity is 0.05 mg/l
with intra- and interassay CVs of 2.0 and
3.3%, respectively, at midrange. Interleukin-6 was measured by immunoassay
commercial kit (R&D Systems Quantikine HS, Minneapolis, MN) with intraand interassay CVs of 6.9 –7.8 and 6.5–
9.6%, respectively. Plasma 25-hydroxyvitamin D was measured by the method of
Preece et al. (37) and 1,25-dihydroxyvitamin D by a competitive protein-binding
method. The CVs for the vitamin D assays
ranged from 5.5 to 7.7%. PTH was measured by chemoluminesence (Bayer
HealthCare, Tarrytown, NY). Assay sensitivity was 2.5 pg/ml with an intra-assay
CV of 5.2% and an interassay CV of 8.2%.
PTH and 25-hydroxyvitamin D were
measured in a blinded fashion as the samples were collected. Measurements of
1,25-hydroxyvitamin D, glucose, insulin,
C-reactive protein, and interleukin-6
were done in a blinded fashion, in duplicate, in pairs (before/after intervention) at
the same time, in the same analytical run,
and in random order to reduce systematic
error and inter-assay variability.
Statistical analysis
All variables of interest were examined for
normality. C-reactive protein and interleukin-6 had skewed distribution and
were transformed to their natural logarithms for analyses. To examine differences in baseline characteristics between
groups, we used Student’s t test for differences in means for continuous data and
the 2 test for differences in proportions
for categorical variables. The primary end
point was 3-year change from baseline in
FPG. Secondary end points included
3-year changes from baseline in HOMAIR, C-reactive protein, and interleukin-6.
To compare differences between the treatment arms in outcomes over time, we
used general linear models (PROC GLM
981
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Table 1—Baseline characteristics of study participants by FPG
NFG (n ⫽ 222)

n
Sex (women)
Age (years)
Weight (kg)
BMI (kg/m2)
Vitamin D intake (IU/day)
Calcium intake (mg/day)
Physical activity score
Smoking (%)
Yes (currently)
Yes (formerly)
Never
25-hydroxyvitamin D (nmol/l)
1,25-hydroxyvitamin D (pmol/l)
PTH (pmol/l)
FPG (mmol/l)
HOMA-IR
C-reactive protein (mg/l)
Interleukin-6 (pg/ml)

IFG (n ⫽ 92)

Placebo

Calcium ⫹ Vitamin D

Placebo

Calcium ⫹ Vitamin D

114
73 (64)
71.7 ⫾ 0.4
71.1 ⫾ 1.2
26.2 ⫾ 0.3
196 ⫾ 10
772 ⫾ 35
112 ⫾ 5

108
64 (59)
70.6 ⫾ 0.4
71.6 ⫾ 1.2
26.1 ⫾ 0.3
191 ⫾ 9
740 ⫾ 32
112 ⫾ 5

47
21 (45)
71.3 ⫾ 0.8
80.0 ⫾ 2.3
28.1 ⫾ 0.7
186 ⫾ 19
734 ⫾ 51
126 ⫾ 8

45
23 (51)
71.1 ⫾ 0.7
77.5 ⫾ 1.8
27.8 ⫾ 0.6
166 ⫾ 15
614 ⫾ 53
130 ⫾ 8

5
53
42
70.6 ⫾ 2.8
85.8 ⫾ 1.7
4.2 ⫾ 0.2
5.09 ⫾ 0.03
1.14 ⫾ 0.06
2.92 ⫾ 0.32
3.91 ⫾ 0.38

6
42
53
81.4 ⫾ 3.7
85.3 ⫾ 1.7
3.8 ⫾ 0.2
5.10 ⫾ 0.03
1.27 ⫾ 0.07
2.94 ⫾ 0.27
3.43 ⫾ 0.41

2
66
32
81.2 ⫾ 4.7
84.2 ⫾ 2.7
4.0 ⫾ 0.2
6.00 ⫾ 0.05
2.26 ⫾ 0.14
2.45 ⫾ 0.37
2.90 ⫾ 0.37

9
56
36
71.2 ⫾ 5.2
84.5 ⫾ 2.9
4.5 ⫾ 0.3
6.04 ⫾ 0.05
2.23 ⫾ 0.17
2.51 ⫾ 0.28
4.28 ⫾ 0.80

Data are means ⫾ SE or n (%). P values for differences in characteristics between placebo and calcium–vitamin D groups were all nonstatistically significant (P ⬎
0.05) within the two subgroups except for plasma 25-hydroxyvitamin D in the NFG subgroup (in which P ⫽ 0.02 between the placebo and calcium–vitamin D
groups). To change from SI (mmol/l) to traditional (mg/dl) units for glucose, divide by 0.0555.

procedure; SAS Software, Cary, NC). We
adjusted end points for baseline values to
avoid potential bias that might result if the
magnitude of the change depended on
starting value, and for several risk factors
for type 2 diabetes (age, sex, BMI, physical activity, and smoking).
To assess whether the effect of supplementation with calcium plus vitamin
D on the primary end point, 3-year
change in FPG, varied according to baseline glucose tolerance, we tested for interaction between treatment group
assignment and baseline FPG. We performed stratified analyses if we found a
statistically significant interaction. P values for Student’s t tests are two sided, and
statistical significance was set at P ⱕ 0.05.
Statistical analysis was done using SAS
version 9.1.
RESULTS
Participant characteristics and
follow-up
At baseline, the average age of the 314
participants with complete data was 71.2
years, BMI was 26.7 kg/m2, and plasma
25-hydroxyvitamin D concentration was
76 nmol/l. When the entire cohort was
analyzed, there was no difference between placebo and calcium–vitamin D
supplementation in the primary outcome,
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change in FPG (0.18 vs. 0.12 mmol/l, respectively, P ⫽ 0.29), or change in
HOMA-IR (0.42 vs. 0.18, respectively,
P ⫽ 0.08). However, in the multivariate
prediction model, we found an interaction between baseline FPG and treatment
group on the primary outcome (P ⫽
0.02). Therefore, we stratified the cohort
into two subgroups separated by glucose
tolerance status at baseline, as defined by
the American Diabetes Association criteria based on FPG (NFG [n ⫽ 222] vs. IFG
[n ⫽ 92]) and examined the effect of supplementation on 3-year changes in metabolic outcomes in each subgroup.
As expected, the IFG subgroup was,
on average, heavier than the NFG cohort
(78.8 vs. 71.3 kg, respectively, P ⬍
0.001) and had higher FPG (6.0 mmol/l
[108.5 mg/dl] vs. 5.1 mmol/l [91.9 mg/
dl], P ⬍ 0.001) and HOMA-IR (2.24 vs.
1.21, P ⬍ 0.001). The IFG subgroup reported higher daily physical activity
scores compared with the NFG group
(128 vs. 112, respectively, P ⫽ 0.016).
The baseline characteristics of the two
treatment arms within each subgroup
were well balanced (Table 1).
Intervention
The supplements were generally well tolerated, but 11 participants discontinued
treatment due to difficulty swallowing the

pills, and 9 discontinued because of side
effects (3 in the placebo and 6 in the calcium–vitamin D arm). As compared with
those who took placebo, participants in
the calcium–vitamin D arm in both subgroups had a statistically significant increase in plasma 25-hydroxyvitamin D
concentration (P ⬍ 0.001) and a decrease
in PTH (P ⬍ 0.001) after supplementation (Table 2). During the intervention
period, participants maintained a relatively stable BMI without any statistically
significant differences between treatment
arms in either subgroup (Table 2).
Metabolic outcomes by subgroup
FPG. Among participants with IFG at
baseline, those randomized to calcium–
vitamin D supplementation had a smaller
increase in FPG at 3 years than those who
took placebo after adjustment for baseline
values and risk factors for type 2 diabetes
(0.02 ⫾ 0.09 vs. 0.34 ⫾ 0.11 mmol/l,
respectively, P ⫽ 0.042) (Fig. 1A). At the
end of the follow-up period, 81% of participants taking placebo remained with
IFG or had developed diabetes (by selfreport or FPG ⱖ7 mmol/l [126 mg/dl])
vs. 70% of those taking calcium–vitamin
D (P for 2 ⫽ 0.28).
In the NFG subgroup, there was no
difference in FPG change at 3 years between the two treatment arms (0.15 ⫾
DIABETES CARE, VOLUME 30, NUMBER 4, APRIL 2007
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Table 2—Effects (change from baseline) of combined calcium and vitamin D supplementation on 3-year change in metabolic parameters in
subgroups by baseline glucose tolerance status
NFG

n
25-hydroxyvitamin D (nmol/l)
1,25-hydroxyvitamin D (pmol/l)
PTH (pmol/l)
BMI (kg/m2)
C-reactive protein (mg/l)
Interleukin-6 (pg/ml)

IFG

Placebo

Calcium ⫹
vitamin D

P for betweengroup comparison

114
⫺0.92 ⫾ 2.36
⫺13.8 ⫾ 1.94
0.66 ⫾ 0.12
0.01 ⫾ 0.13
0.79 ⫾ 0.70
0.48 ⫾ 0.59

108
29.6 ⫾ 3.44
⫺13.2 ⫾ 2.21
⫺0.47 ⫾ 0.14
0.04 ⫾ 0.11
0.50 ⫾ 0.32
0.14 ⫾ 0.39

⬍0.001
0.84
⬍0.001
0.85
0.72
0.61

Placebo

Calcium ⫹
vitamin D

P for betweengroup comparison

47
⫺7.8 ⫾ 2.9
⫺12.9 ⫾ 3.0
0.48 ⫾ 0.16
0.14 ⫾ 0.18
1.19 ⫾ 0.56
0.48 ⫾ 0.64

45
31.2 ⫾ 4.4
⫺15.0 ⫾ 4.1
⫺0.84 ⫾ 0.25
0.04 ⫾ 0.16
1.46 ⫾ 1.56
0.78 ⫾ 0.84

⬍0.001
0.70
⬍0.001
0.67
0.87
0.78

Data are means ⫾ SE after adjustment for baseline values. To change from SI (mmol/l) to traditional (mg/dl) units for glucose, divide by 0.0555.

0.03 mmol/l in calcium–vitamin D vs.
0.12 ⫾ 0.04 mmol/l in placebo, P ⫽
0.55.) (Fig. 1A). The proportion of participants who progressed to IFG or diabetes
was 19% in the placebo vs. 20% in the
calcium–vitamin D group (P for 2 ⫽
0.84).
Changes in FPG at 3 years in either
the NFG or IFG subgroups were not influenced by baseline plasma 25hydroxyvitamin D concentration (data
not shown).
Insulin resistance. In the IFG subgroup,
the effects of calcium–vitamin D on insulin resistance paralleled those on FPG;
HOMA-IR increased in the placebo arm
while it remained essentially unchanged
in the calcium–vitamin D arm (0.91 ⫾
0.31 vs. 0.05 ⫾ 0.19, respectively, P ⫽
0.031) (Fig 1B). In contrast, in the NFG
subgroup, there was no difference in
3-year change in HOMA-IR between placebo and calcium–vitamin D arms (Fig.
1B).

Systemic inflammation. There were no
statistically significant differences in
3-year changes in plasma C-reactive protein or interleukin-6 between the two
treatment arms in either subgroup (Table
2).
CONCLUSIONS — In this post hoc
analysis of a randomized, controlled trial
designed for skeletal primary outcomes,
we found that daily supplementation with
500 mg calcium citrate and 700 IU vitamin D3 for 3 years prevented increases in
plasma glucose and insulin resistance in
the subgroup of participants with IFG at
baseline but had no apparent effect among
those with NFG. There was no effect of supplementation on markers of systemic inflammation among either subgroup.
Our results are consistent with crosssectional studies that have reported an inverse association between calcium and
vitamin D status, as measured by serum
25-hydroxyvitamin D concentration and

calcium intake, respectively, and prevalence of type 2 diabetes (5–11). Consumption of dairy products, a rich source
of both calcium and vitamin D, has also
been associated with decreased risk of
type 2 diabetes (38,39). Our findings are
also in accord with recently reported findings from the Nurses’ Health Study, in
which a reported daily intake of ⬎800 IU
vitamin D and ⬎1,200 mg calcium was
associated with a 33% lower risk of type 2
diabetes as compared with a daily intake
of ⬍400 IU and 600 mg calcium and vitamin D, respectively (17).
Previously reported trials with vitamin D supplementation in patients with
type 2 diabetes have shown conflicting results (18 –20,24,25). Although firm conclusions from these trials cannot be drawn
because the studies were short in duration, included few subjects, and used various formulations of vitamin D, there is
limited evidence to suggest that vitamin D
supplementation at an early stage in the

Figure 1—Effects of combined calcium and vitamin D supplementation on FPG (A) and HOMA-IR (B) in subgroups by baseline glucose tolerance
status. Changes in FPG and HOMA-IR are expected means ⫾ SEM by general linear model analysis after adjustment for baseline values and risk
factors for type 2 diabetes (age, sex, BMI, physical activity, and smoking). f, placebo; 䡺, calcium and vitamin D supplementation.
DIABETES CARE, VOLUME 30, NUMBER 4, APRIL 2007
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pathogenesis of diabetes (i.e., glucose intolerance) may be of benefit in delaying
progression to clinical diabetes (20).
The mechanisms by which vitamin D
or calcium may affect risk of type 2 diabetes are not clear. Impaired pancreatic
␤-cell function, insulin resistance, and
low-grade systemic inflammation are important risk factors of developing glucose
intolerance and type 2 diabetes (40,41).
In both animal and human studies, impaired pancreatic ␤-cell function has been
reported with vitamin D insufficiency
(7,9,42– 45), while vitamin D supplementation restores insulin secretion
(18,20,25,42,46,47). Given a recent report that 25-hydroxyvitamin D is converted to its active form, 1,25hydroxyvitamin D, within the pancreatic
␤-cell by 25-hydroxyvitamin D 1-␣hydroxylase (48), in our study the lack of
difference in 1,25-hydroxyvitamin D levels between the two treatment arms does
not rule out an important role for 1,25hydroxyvitamin D. There is also limited
evidence of an association between vitamin D deficiency and insulin resistance
(7,9,19,45), but the effect of vitamin D
supplementation on insulin resistance
from short-term, nonrandomized, noncontrolled human trials is conflicting
(25,49,50). The mechanisms by which
calcium intake may alter diabetes risk are
even less clear. Abnormal regulation of
intracellular calcium affecting both insulin sensitivity and insulin release has been
suggested as a potential mechanism to explain the putative association between
calcium insufficiency and risk of type 2
diabetes (51,52). Our finding that
HOMA-IR improved with calcium and vitamin D supplementation supports the
hypothesis that calcium and vitamin D affect type 2 diabetes risk by modifying insulin resistance. Our study did not assess
the effect of supplementation on insulin
secretion while there was no effect on inflammatory markers. Two recent observational studies have reported higher
C-reactive protein concentrations among
patients with hypovitaminosis D (11,53),
whereas two trials of vitamin D supplementation versus placebo showed conflicting
results; after vitamin D supplementation,
C-reactive protein declined among patients in the intensive care unit (54),
whereas it remained unchanged in outpatients with congestive heart failure (55).
Our study cannot separate the independent effects of calcium and vitamin D.
Only a few observational studies have examined the individual contributions of
984

calcium and vitamin D in relation to type
2 diabetes (17,39). In the Nurses’ Health
Study, total (dietary plus supplemental)
calcium intake was inversely associated
with incident type 2 diabetes while total
vitamin D intake (after adjustment for calcium intake) was not. Of particular interest, however, was the observation that
women who reported a high intake of
combined calcium and vitamin D had a
much lower risk of developing type 2 diabetes compared with women with lower
intakes of only one of these nutrients. In
cross-sectional analysis from the Women’s Health Study, a randomized, controlled trial of vitamin E and aspirin in the
primary prevention of cardiovascular disease in 39,876 women aged ⱖ45 years,
the prevalence of type 2 diabetes was inversely associated with intake of calcium
intake but not vitamin D (39). Given their
close interrelationship, deciphering the
individual effects of calcium and vitamin
D in observational studies is challenging,
but the overall evidence suggests that
both nutrients play a role in relation to
type 2 diabetes.
The strengths of our study include its
randomized, double-blind, placebocontrolled design; the use of 25hydroxyvitamin D and PTH to document
the success of the intervention; and the
adjustment in our analyses for a variety of
important confounders for type 2 diabetes. It is important to note that the study
was designed for skeletal primary outcomes and that we had single measurements of outcomes at baseline and 3 years
only. We excluded nonwhite persons because there were too few nonwhite participants to draw any conclusions, because
in previous studies, vitamin D deficiency
correlated with diabetes primarily in
whites (7,17) and because of evidence to
suggest that nonwhites exhibit a different
vitamin D, calcium, and parathyroid homeostasis (28,29). Therefore, we cannot
directly extrapolate our findings to the
nonwhite population. Finally, there may
be potential unintended bias because we
did not have available specimens for measuring the outcomes of interest in the entire cohort. To explore this possibility, we
compared the baseline characteristics between the excluded group because of unavailable stored specimens (n ⫽ 38) and
the cohort with available specimens, and
we found no differences.
In conclusion, in older individuals
with IFG, combined calcium and vitamin
D supplementation attenuates the increases in glycemia and insulin resistance

that occur with aging. Because of the post
hoc nature of our analysis, our findings
should be considered hypothesis generating, and they need to be replicated in clinical trials specifically designed for
diabetes-related primary outcomes in
populations at high risk for type 2 diabetes. Nevertheless, our results provide preliminary support for an important role of
calcium and vitamin D supplementation
to lower risk of progression to clinical diabetes in individuals with glucose intolerance but not in those with NFG.
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