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Abstract
Data on the association between vitamin D status and actual change in glycemic measures are
limited. We examined the prospective association between a predicted 25-hydroxyvitamin D
(25(OH)D) score and change in fasting plasma glucose concentration over a mean follow-up of 7
years, in 2,571 men and women (mean age 54 yrs) without diabetes in the Framingham Offspring
Study cohort. After adjustment for age, sex, BMI and fasting plasma glucose at baseline, higher
predicted 25(OH)D score at baseline was associated with a smaller 7-year increase in fasting
plasma glucose concentrations (0.23 mmol/l versus 0.35 mmol/l for highest vs. lowest tertile of
25(OH)D score respectively, P-trend=0.007). Vitamin D status may be an important determinant
for change in fasting plasma glucose concentration among middle-aged and older adults without
diabetes.

Introduction
There is accumulating evidence to suggest that poor vitamin D status is associated with a
higher risk of type 2 diabetes (Mattila et al 2007, Pittas et al 2006, Pittas et al 2007b), but
little information exists on the association between vitamin D status and change in glycemic
measures (Forouhi et al 2008). The purpose of the current study was to examine the
prospective relationship between a predicted 25-hydroxyvitamin D (25(OH)D score (Liu et
al 2010) and changes in fasting plasma glucose concentrations among adults without type 2
diabetes.

Subjects and Methods
A total of 3295 members of the Framingham Offspring cohort participated in the 5th study
examination (1991–1995), baseline for the present study, and the 7th (follow-up)
examination (1998–2001). The cohort was essentially all white. We excluded participants
based on a previous diagnosis of diabetes (n=186), use of insulin or oral hypoglycemic
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medication (n=53), or elevated glucose levels (fasting ≥7.0 mmol/l or 2-hour post-challenge
≥11.1 mmol/l; n=107); invalid food frequency questionnaires (FFQ, n=262); and missing
data on BMI (n=102) or fasting plasma glucose concentration (n=14). After these
exclusions, 1156 men and 1415 women remained. Those included in were younger (54.3
versus 55.6 years) than those excluded. No significant differences were observed between
those excluded and included with respect to sex, BMI and smoking. The Institutional
Review Boards for Human Research at Boston University and Tufts Medical Center
approved the study protocols.

The development of the predicted 25(OH)D score, described in detail elsewhere (Liu et al
2010), is briefly summarized here. From July 1997 to May 1999, plasma 25(OH)D
concentration was measured for a sub-sample of Offspring cohort. Using data from this sub-
sample, we developed and validated a multiple linear regression model to predict plasma
25(OH)D concentrations from age, sex, BMI, month of blood sampling, vitamin D intake,
smoking status, and energy intake. The mean difference between actual and predicted
25(OH)D values in our validation study was 0.18 nmol/l (95% confidence interval −0.88–
1.24). This method of developing a predicted 25OH)D score has been used to relate vitamin
D status to cancer risk (Bao et al 2010, Giovannucci et al 2006).

We used this regression model to calculate predicted 25(OH)D scores at baseline for each
participant. To adjust for the seasonal effect, we assumed all blood samples were collected
in May when we calculated the score.

Fasting plasma glucose concentrations were measured in fresh specimens (A-gent glucose
test, Abbott laboratories, Inc. South Pasadena, CA). Assays were performed in duplicate
(CVs<3%).

Statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC).
Analysis of covariance was used to examine the change in fasting glucose concentrations
across tertile categories of the predicted 25(OH)D score. Multiple linear regression models
treating the median predicted 25(OH)D score in each tertile category as a continuous
variable were used to calculate the P values for linear trend. Covariates included age, sex,
baseline BMI, and fasting plasma glucose concentrations and change in BMI during follow-
up. Additional covariates (diet quality, alcohol consumption, physical activity score, and
smoking) had no effect on the association, and, therefore, were not included in the final
model. We also considered interactions between fasting glucose levels at baseline and
predicted 25(OH)D scores to determine if the association is strengthened among those
individuals with higher fasting glucose concentrations at baseline.

Results
Those with higher predicted 25(OH)D score were more likely to be older and male, and
have a lower BMI. Predicted 25(OH)D score was inversely associated with baseline fasting
plasma glucose concentrations (Table 1).

After adjusting for age, sex and baseline BMI and fasting plasma glucose, and change in
BMI during follow-up (Table 1, model 2), predicted 25(OH)D score was inversely
associated with 7-year change in fasting plasma glucose. Compared to those in the lowest
tertile category of predicted 25(OH)D score, those in the highest tertile category had a 34%
smaller increase in fasting glucose concentrations (0.23 versus 0.35 mmol/l). There was no
statistically significant interaction between baseline fasting plasma glucose and 25(OH)D
score on change in fasting plasma glucose.
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Discussion
In this study we found that a higher predicted 25(OH)D score was associated with a smaller
increase in fasting plasma glucose concentrations over 7 years among participants free of
diabetes. This result is consistent with cross-sectional studies that have reported an inverse
association between plasma 25(OH)D concentrations and fasting glucose (Ford et al 2005,
Need et al 2005, Scragg et al 2004). Only one other study of non-diabetic adults (Forouhi et
al 2008) examined the prospective association between blood 25(OH)D and plasma glucose
concentrations, and reported that serum 25(OH)D concentrations at baseline were inversely
associated with 10-year risk of hyperglycemia. Pittas and colleagues (Pittas et al 2007a)
found that combined calcium and vitamin D supplementation in adults ≥ 65 years old
prevented a rise in fasting plasma glucose in those with impaired fasting glucose but not in
those with the normal fasting glucose; however, in the current study, the association between
25(OH)D and change in fasting plasma glucose was independent of baseline fasting plasma
glucose. The inconsistency between these findings could be due to effects of calcium on
glucose metabolism or the age difference between the study populations. Our finding is also
in accord with recent reports from prospective studies that better vitamin D status is
associated with lower risk of type 2 diabetes (Mattila et al 2007, Pittas et al 2006).

Plausible mechanisms by which vitamin D status may affect fasting glucose include: a direct
effect of vitamin D on insulin synthesis and secretion in pancreatic β-cells (Lee et al 1994);
effects on insulin resistance through parathyroid hormone (PTH) concentrations or insulin
receptor expression (Maestro et al 2000, Nagpal et al 2009, von Hurst et al 2010); or effects
on non-insulin-dependent pathways, such as insulin-independent glucose clearance (Jani et
al 2008) or glucose uptake (Norman 2006) in fasting state, thereby regulating fasting plasma
glucose concentrations in non-diabetic range.

The most apparent limitation of this study is that factors used to calculate the predicted
25(OH)D score are also important risk factors for the outcomes of interest. In order to
remove the potential confounding from these factors, we adjusted for these factors in the
models, but this may also result in over-adjustment, biasing the results towards null.

In summary, our finding adds support for the hypothesis that that vitamin D status may be an
important determinant for fasting plasma glucose levels within non-diabetic range.

Acknowledgments
We are grateful to the Framingham Study participants and staff. We thank Gail Rogers, from Jean Mayer USDA
Human Nutrition Research Center, for data management and statistical guidance.

The present study was supported in part by the U.S. Department of Agriculture, under agreement No.
58-1950-7-707, and the Framingham Heart Study of the National Heart Lung and Blood Institute of the National
Institutes of Health (Contract No. N01-HC-25195); and by an American Diabetes Association Career Development
Award (JBM), NIDDK K24 DK080140 (JBM), R01DK076092 and R21DK078867 (AGP), NIA AG14759 (SLB),
and the Beverage Institute for Health and Wellness (CDE).

REFERECNES
Bao Y, Ng K, Wolpin BM, Michaud DS, Giovannucci E, Fuchs CS. Predicted vitamin D status and

pancreatic cancer risk in two prospective cohort studies. Br J Cancer. 2010; 102:1422–1427.
[PubMed: 20389298]

Ford ES, Ajani UA, McGuire LC, Liu S. Concentrations of serum vitamin D and the metabolic
syndrome among U.S. adults. Diabetes Care. 2005; 28:1228–1230. [PubMed: 15855599]

Liu et al. Page 3

Eur J Clin Nutr. Author manuscript; available in PMC 2013 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Forouhi NG, Luan J, Cooper A, Boucher BJ, Wareham NJ. Baseline serum 25-hydroxy vitamin D is
predictive of future glycaemic status and insulin resistance: The MRC Ely prospective study 1990 –
2000. Diabetes. 2008

Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, Stampfer MJ, et al. Prospective study of
predictors of vitamin D status and cancer incidence and mortality in men.[see comment]. Journal of
the National Cancer Institute. 2006; 98:451–459. [PubMed: 16595781]

Jani R, Molina M, Matsuda M, Balas B, Chavez A, DeFronzo RA, et al. Decreased non-insulin-
dependent glucose clearance contributes to the rise in fasting plasma glucose in the nondiabetic
range. Diabetes Care. 2008; 31:311–315. [PubMed: 18000182]

Lee S, Clark SA, Gill RK, Christakos S. 1,25-Dihydroxyvitamin D3 and pancreatic beta-cell function:
vitamin D receptors, gene expression, and insulin secretion. Endocrinology. 1994; 134:1602–1610.
[PubMed: 8137721]

Liu E, Meigs JB, Pittas AG, Economos CD, McKeown NM, Booth SL, et al. Predicted 25-
hydroxyvitamin D score and incident type 2 diabetes in the Framingham Offspring Study. Am J
Clin Nutr. 2010; 91:1627–1633. [PubMed: 20392893]

Maestro B, Campion J, Davila N, Calle C. Stimulation by 1,25-dihydroxyvitamin D3 of insulin
receptor expression and insulin responsiveness for glucose transport in U-937 human promonocytic
cells. Endocr J. 2000; 47:383–391. [PubMed: 11075718]

Mattila C, Knekt P, Mannisto S, Rissanen H, Laaksonen MA, Montonen J, et al. Serum 25-
hydroxyvitamin D concentration and subsequent risk of type 2 diabetes. Diabetes Care. 2007;
30:2569–2570. [PubMed: 17626891]

Nagpal J, Pande JN, Bhartia A. A double-blind, randomized, placebo-controlled trial of the short-term
effect of vitamin D3 supplementation on insulin sensitivity in apparently healthy, middle-aged,
centrally obese men. Diabet Med. 2009; 26:19–27. [PubMed: 19125756]

Need AG, O’Loughlin PD, Horowitz M, Nordin BE. Relationship between fasting serum glucose, age,
body mass index and serum 25 hydroxyvitamin D in postmenopausal women. Clinical
Endocrinology. 2005; 62:738–741. [PubMed: 15943837]

Norman AW. Minireview: vitamin D receptor: new assignments for an already busy receptor.
Endocrinology. 2006; 147:5542–5548. [PubMed: 16946007]

Pittas AG, Dawson-Hughes B, Li T, Van Dam RM, Willett WC, Manson JE, et al. Vitamin D and
calcium intake in relation to type 2 diabetes in women. Diabetes Care. 2006; 29:650–656.
[PubMed: 16505521]

Pittas AG, Harris SS, Stark PC, Dawson-Hughes B. The effects of calcium and vitamin D
supplementation on blood glucose and markers of inflammation in nondiabetic adults. Diabetes
Care. 2007a; 30:980–986. [PubMed: 17277040]

Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The role of vitamin D and calcium in type 2 diabetes. A
systematic review and meta-analysis. J Clin Endocrinol Metab. 2007b; 92:2017–2029. [PubMed:
17389701]

Scragg R, Sowers M, Bell C. Third National Health and Nutrition Examination S. Serum 25-
hydroxyvitamin D, diabetes, and ethnicity in the Third National Health and Nutrition Examination
Survey. Diabetes Care. 2004; 27:2813–2818. [PubMed: 15562190]

von Hurst PR, Stonehouse W, Coad J. Vitamin D supplementation reduces insulin resistance in South
Asian women living in New Zealand who are insulin resistant and vitamin D deficient - a
randomised, placebo-controlled trial. Br J Nutr. 2010; 103:549–555. [PubMed: 19781131]

Liu et al. Page 4

Eur J Clin Nutr. Author manuscript; available in PMC 2013 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Liu et al. Page 5

Ta
bl

e 
1

Pa
rt

ic
ip

an
t c

ha
ra

ct
er

is
tic

s 
an

d 
gl

uc
os

e 
co

nc
en

tr
at

io
ns

 a
cc

or
di

ng
 to

 te
rt

ile
 c

at
eg

or
y 

of
 th

e 
pr

ed
ic

te
d 

25
(O

H
)D

 s
co

re

P
re

di
ct

ed
 2

5(
O

H
)D

 s
co

re
 t

er
ti

le
 c

at
eg

or
y

P
 f

or
 t

re
nd

T
1 

(n
=8

57
)

T
2 

(n
=8

57
)

T
3 

(n
=8

57
)

M
ed

ia
n 

pr
ed

ic
te

d 
25

(O
H

)D
 s

co
re

 (
nm

ol
/l)

42
.5

47
.9

54
.5

A
ge

 (
yr

s)
53

.0
 (

52
.4

~5
3.

6)
1

53
.6

 (
52

.9
~5

4.
2)

54
.5

 (
53

.8
~5

5.
1)

0.
00

1

W
om

en
 (

%
)

62
.7

 (
59

.4
~6

6.
0)

49
.4

 (
46

.1
~5

2.
7)

53
.0

 (
49

.7
~5

6.
3)

<
0.

00
1

B
M

I 
(k

g/
m

2 )
29

.4
 (

29
.2

~2
9.

7)
26

.6
 (

26
.3

~2
6.

9)
25

.3
 (

25
.0

~2
5.

6)
<

0.
00

1

B
as

el
in

e 
fa

st
in

g 
pl

as
m

a 
gl

uc
os

e 
(m

m
ol

/l)
5.

35
 (

5.
32

~5
.3

8)
5.

21
 (

5.
18

~5
.2

5)
5.

18
 (

5.
15

~5
.2

1)
<

0.
00

1

C
ha

ng
e 

in
 f

as
tin

g 
pl

as
m

a 
gl

uc
os

e 
af

te
r 

a 
7-

ye
ar

 o
f 

fo
llo

w
-u

p 
(m

m
ol

/l)

M
od

el
 1

2
0.

38
 (

0.
33

–0
.4

3)
0.

23
 (

0.
18

–0
.2

8)
0.

19
 (

0.
14

–0
.2

4)
<

0.
00

1

M
od

el
 2

3
0.

35
(0

.3
0–

0.
41

)
0.

24
(0

.1
9–

0.
29

)
0.

23
(0

.1
8–

0.
28

)
0.

00
2

1 V
al

ue
s 

ar
e 

m
ea

ns
 (

95
%

C
I)

2 A
dj

us
te

d 
fo

r 
ba

se
lin

e 
fa

st
in

g 
gl

uc
os

e

3 A
dj

us
te

d 
fo

r 
ba

se
lin

e 
fa

st
in

g 
gl

uc
os

e,
 a

ge
, s

ex
, B

M
I,

 a
nd

 c
ha

ng
e 

in
 B

M
I 

du
ri

ng
 f

ol
lo

w
-u

p.

Eur J Clin Nutr. Author manuscript; available in PMC 2013 October 15.


