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OBJECTIVE — Data relating vitamin D status with indices of glucose homeostasis as mani-
fested by A1C in the U.S. adult population are few.

RESEARCH DESIGN AND METHODS — We examined the association between se-
rum 25 hydroxyvitamin D [25(OH)D] and A1C levels in 9,773 adults (age �18 years old)
participating in the 2003–2006 National Health and Nutrition Examination Survey. Multivariate
linear regression analyzed the association after accounting for potential confounders.

RESULTS — Serum 25(OH)D levels were inversely associated with A1C levels in subjects age
35–74 years (P � 0.0045) and those who did not report a history of diabetes (P � 0.0282).

CONCLUSIONS — These findings support a mechanistic link between serum vitamin D
concentrations, glucose homeostasis, and the evolution of diabetes in a large segment of the U.S.
adult population. Screening people with elevated A1C levels for vitamin D insufficiency should
be considered.
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V itamin D deficiency is a common
problem, and the clinical conse-
quences are protean (1). Multiple

lines of evidence now suggest that vita-
min D status may play a role in the de-
velopment of diabetes (2–5). However,
data relating vitamin D status to A1C, a
global measure of glucose homeostasis,
in the U.S. adult population are rela-
tively scarce. Thus, the main objective
of this study was to determine whether
vitamin D status associates with A1C
levels in U.S. adults. Also, because vita-
min D status and A1C levels change
with age and an association may be ob-
scured by treatment for diabetes, a sec-
ondary objective was to examine

whether any identified relation varies
with age and/or diabetes history.

RESEARCH DESIGN AND
METHODS — We analyzed data from
the National Health and Nutrition Exam-
ination Survey (NHANES) 2003–2006
and limited our analysis to the population
�18 years old (6). We defined subjects as
having diabetes if they answered yes to the
question: “Have you ever been told by a
doctor that you have diabetes?” or the sub-
ject reported current use of insulin or an
oral antihyperglycemic medication (7).

Information about A1C measure-
ments using boronate-affinity high-
performance liquid chromatography,

Diasorin RIA method for 25(OH)D mea-
surement, and Elecsys parathyroid (PTH)
immunoassay can be found on the
NHANES Web site (8).

Statistical analysis
All analyses were performed using SAS
version 9.2 software (SAS Institute, Cary,
NC) and accounted for sample weights
for complex sampling methods of data-
sets. Of the 11,183 subjects, 9,773 aged
18 years and above had no missing data
for all covariates for statistical analysis.
The NHANES data collection employs a
complex, multistage, stratified probabil-
ity sampling design to select subjects rep-
resenting the civilian noninstitutionalized
U.S. population with oversampling of
young people, African-Americans, and
Hispanics. Accordingly, results were
weighted to reflect the actual U.S. popu-
lation. We used the medical examination
clinic sampling weights for our analysis.
Multivariate linear regression assessed the
relation of A1C with 25(OH)D after ac-
counting for age, race/ethnicity, sex, BMI,
self-reported diabetes, physical activity,
any dietary supplement use, and parathy-
roid hormone (PTH). Interactions be-
tween vitamin D and age, BMI, or diabetes
status were also included in the analysis.
Linear regression analysis was repeated
after stratification by age-group (18- 34,
35–74, and �75 years old) and by self-
reported diabetes status (yes versus no).

RESULTS — The association between
A1C and 25(OH)D levels overall, by age-
group and by reported history of diabetes
is shown in Table 1. We observed an in-
verse association in the 35–74 year old
group (P � 0.0045) after adjusting for
multiple covariates. We did not detect a
statistically significant association in the
youngest age-group (18–34 years old) or
the oldest age-group (�75 years old). Of
note, PTH levels and dietary supplement
use were also negatively associated with
A1C in the 35–74 year age-group (P �
0.0002, �0.0001, respectively). We also
observed the inverse association between
vitamin D and A1C levels in individuals
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who did not report a history of diabetes
(P � 0.0282) but not among those with
diabetes. We detected a statistically signif-
icant interaction between vitamin D sta-
tus and age in relation to A1C (P �
0.0266), but no significant interaction of
vitamin D status with diabetes status or
BMI (regardless of diabetes status).

CONCLUSIONS — We observed an
inverse association between vitamin D
status and A1C level in this sample of U.S.
adults 35–74 years of age and among all
subjects who did not report history of di-
abetes. Plausible biological mechanisms
may involve insulin secretion and sensi-
tivity (2,9,10). We did not observe this
relationship in subjects 18–34 years of
age in which the low prevalence of an ab-
normal A1C (1.5%) could have made an
association difficult to detect statistically.
Alternatively, this may reflect an age
threshold for the effect of vitamin D status
on glucose homeostasis. The apparent ab-
sence of an association in subjects who
reported a history of diabetes or were 75
years of age or older could have been due
to their smaller sample sizes and/or con-
founding by treatment status.

A major strength of our study is the
analysis of a large representative sample of
the U.S. adult population. We also ad-
justed for PTH, which may affect insulin
sensitivity (11). However, our study has
important limitations. The cross-sectional
design makes it difficult to establish tem-
porality between vitamin D status and
A1C levels, and the analysis derives from
only a single measurement of A1C and
vitamin D levels. Also, we could not ac-
count for diabetes treatment nor medica-
tion compliance in the analysis.

Our findings are consistent with sim-
ilar studies in smaller sized, non-U.S.
populations. In one New Zealand study of
250 overweight and obese adults age �18
years, investigators observed a weak, in-
verse relation between A1C and vitamin
D3 levels (12). A study of 7,198 British
Caucasians showed a nonlinear inverse
relationship between vitamin D and A1C
(13). Our findings also cohere with inves-
tigations relating vitamin D status to dia-
betes from the Third NHANES (10) and
the Medical Research Council Ely Pro-
spective Study 1990–2000 (14).

In conclusion, this analysis supports
an inverse association between vitamin D
status and A1C levels in the U.S. adult
population 35–74 years of age, which is
nearly two-thirds of all U.S. adults (15),
and subjects who do not report a history
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of diabetes. This suggests a mechanistic
link among serum vitamin D concentra-
tions, glucose homeostasis, and the evo-
lution of diabetes in a large segment of
U.S. adults at the population level. These
findings also highlight the need to con-
sider screening for vitamin D insuffi-
ciency in individuals with an elevated
A1C level and vice versa. This is impor-
tant in populations at high risk for both
conditions, such as the obese and racial/
ethnic minorities. Whether vitamin D
supplementation can delay the onset of
diabetes remains to be established. There-
fore, future studies to clarify the efficacy of
vitamin D supplementation in preventing
diabetes and pre-diabetes are warranted, es-
pecially in populations at high risk.
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H, Laaksonen MA, Montonen J, Reunanen
A. Serum 25-hydroxyvitamin D concentra-
tion and subsequent risk of type 2 diabetes.
Diabetes Care 2007;30:2569–2570

5. 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
2007;92:2017–2029

6. National Health and Nutrition Examina-
tion Survey Data: survey operations man-
uals, brochures, and consent documents:
2003–2006. U.S.Department of Health
and Human Services, Centers for Disease
Control and Prevention, Hyattsville,
Maryland. Available at http://www.cdc.
gov/nchs/nhanes.htm. Accessed 12 No-
vember 2009

7. Suh DC, Kim CM, Choi IS, Plauschinat
CA. Comorbid conditions and glycemic
control in elderly patients with type 2 di-
abetes mellitus, 1988 to 1994 to 1999 to
2004. J Am Geriatr Soc 2008;56:484–492

8. National Health and Nutrition Examina-
tion Survey 2003–2004, 2005–2006. Doc-
umentation, Codebook, and Frequencies:
glycohemoglobin, vitamin D, parathyroid
hormone [articles online]. Available from
http://www.cdc.gov/nchs/nhanes/nhanes
2003-2004/lab03_04.htm and http://www.
cdc.gov/nchs/nhanes/nhanes2005-2006/
lab05_06.htm. Accessed 31 October 2009

9. Ford ES, Ajani UA, McGuire LC, Liu S.

Concentrations of serum vitamin D and the
metabolic syndrome among U.S. adults. Di-
abetes Care 2005;28:1228–1230

10. Scragg R, Sowers M, Bell C, Third Na-
tional Health and Nutrition Examination
Survey. Serum 25-hydroxyvitamin D, di-
abetes, and ethnicity in the Third National
Health and Nutrition Examination Survey.
Diabetes Care 2004;27:2813–2818

11. Chiu KC, Chuang LM, Lee NP, Ryu JM,
McGullam JL, Tsai GP, Saad MF. Insulin
sensitivity is inversely correlated with
plasma intact parathyroid hormone level.
Metabolism 2000;49:1501–1505

12. McGill AT, Stewart JM, Lithander FE,
Strik CM, Poppitt SD. Relationships of
low serum vitamin D3 with anthropome-
try and markers of the metabolic syn-
drome and diabetes in overweight and
obesity. Nutr J 2008;7:4

13. Hyppönen E, Power C. Vitamin D status
and glucose homeostasis in the 1958 Brit-
ish birth cohort: the role of obesity. Dia-
betes Care 2006;29:2244–2246

14. Forouhi NG, Luan J, Cooper A, Boucher
BJ, Wareham NJ. Baseline serum 25-hy-
droxy vitamin D is predictive of future
glycemic status and insulin resistance: the
Medical Research Council Ely Prospective
Study 1990–2000. Diabetes 2008;57:
2619–2625

15. United States Census Bureau. Population
Estimates, National Characteristics, Vintage
2008. Available from http://www.census.
gov/popest/national/asrh. Accessed 23 De-
cember 2009

Vitamin D status and A1C levels

1238 DIABETES CARE, VOLUME 33, NUMBER 6, JUNE 2010 care.diabetesjournals.org


