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Analysis of osteocalcin as a candidate gene
for type 2 diabetes (T2D) and intermediate
traits in Caucasians and African Americans
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Abstract. Recent studies in mice and human identified osteocalcin (OCN) as a bone-derived hormone that modulates insulin
secretion and insulin sensitivity. OCN is synthesized by the bone gamma-carboxyglutamate protein (BGLAP) gene located
in the well replicated region of type 2 diabetes (T2D) linkage on chromosome 1q22. We resequenced BGLAP gene in 192
individuals with T2D and performed case-control studies in 766 Caucasian (461 T2D and 305 controls) and 563 African American
individuals (371 T2D and 192 controls). Metabolic effects of BGLAP variants were examined in 127 nondiabetic members of
Caucasian T2D families and in 498 unrelated nondiabetic African American and Caucasian individuals. BGLAP expression was
tested in transformed lymphocytes from 60 Caucasian individuals. We identified 17 single nucleotide polymorphisms (SNPs)
in African Americans, but observed only the two known SNPs in Caucasians. No SNP was associated with T2D. Promoter
SNP rs1800247 was not associated with metabolic traits including insulin sensitivity (SI) or fasting glucose in either population,
but nonsynonymous SNP rs34702397 (R94Q) was nominally associated with SI (uncorrected p = 0.05) and glucose-mediated
glucose disposal (SG; uncorrected p = 0.03) in African Americans. No SNP altered measures of insulin secretion or obesity, nor
was BGLAP expression associated with rs1800247. Our study was sufficiently powered to exclude BGLAP variants as a major
risk factor (OR > 1.5) for T2D in Caucasians, but coding variants in exon 4 may alter glucose homeostasis and diabetes risk in
African Americans.
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1. Introduction

Type 2 Diabetes (T2D) is one of the complex
metabolic diseases for which convincing evidence, in-
cluding twin and family studies, supports the role of
genetic susceptibility loci1. In last two years over 12
published genome wide association (GWA) scans for
T2D identified at least 19 novel common variants that
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increase the susceptibility to T2D [14,22,23,25]. How-
ever, with the exception of TCF7L2 the effect size of
these variants is small, and together known risk variants
for T2D are estimated to explain less than 5% of the
inherited contribution to T2D risk [16]. Hence, many
T2D risk loci likely remain to be discovered.

Recent studies in mice identified osteocalcin (OCN)
as a bone-derived hormone that regulated glucose
metabolism by modulating insulin secretion and in-
sulin sensitivity [8,13]. OCN was shown to induce β-
cell proliferation by stimulating CyclinD1 expression.
Additionally, OCN stimulated insulin gene expression
in pancreatic β-cells and adiponectin expression from
adipocytes. Circulating levels of both total and the
non-carboxylated active form of OCN were correlat-
ed with insulin sensitivity and insulin secretion in hu-
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Table 1
Case-control association analysis of BGLAP SNPs genotyped in Caucasian and African Americans

SNP name Variant (D/d) Population Minor allele frequency Genotype (DD/Dd/dd)
Control T2D P-value Control T2D P-value

rs1800247 T/C C 0.223 0.208 0.52 186/102/17 287/156/18 0.55
AA 0.186 0.189 0.87 124/63/4 241/118/11 0.85

NS13 (A92A) C/G AA 0.034 0.046 0.43 177/13/0 337/32/1 0.64
rs34702397 (R94Q) G/A AA 0.042 0.038 0.62 174/16/0 344/24/2 0.44

D, major allele; d, minor allele; C, Caucasian; AA, African American; P-value, Fisher’s exact test 2-tailed P value for genotypic
and allelic association. NS, Novel SNP.

mans [9,19]. OCN is synthesized by bone gamma-
carboxyglutamate protein gene (BGLAP) on chromo-
some 1q22 in a well replicated region of linkage to
T2D [4], and thus is both a functional and positional
candidate for T2D susceptibility. Surprisingly, the gene
is not tagged in either 1q fine mapping studies [20] or in
publicly available GWA data [22,23], and thus has not
been evaluated. We hypothesized that sequence poly-
morphisms in BGLAP or its regulatory region would
alter its function or expression and contribute to T2D
susceptibility by altering insulin secretion and insulin
sensitivity. We sequenced BGLAP and its putative pro-
moter region in 192 T2DM individuals of Caucasian
and African American ancestry, evaluated the identified
SNPs for association with T2D, and examined the ef-
fects of BGLAP SNPs on metabolic traits in Caucasian
and African American populations. Furthermore, we
evaluated a putative functional promoter variant for ef-
fects on transcript levels in transformed lymphocytes.

2. Methods

2.1. Study subjects

Case-control studies with T2D were conducted in
two cohorts: a Caucasian (European American) cohort
of 461 individuals with T2D and 305 nondiabetic con-
trol individuals, and in an African American cohort of
371 individuals with T2D and 192 nondiabetic con-
trol individuals. A summary of our study cohorts is
provided in Supplementary Data, Table 1S. Caucasian
individuals were ascertained from Utah and Arkansas
(USA) for Northern European ancestry, and African
American individuals were ascertained in Arkansas as
described previously [3]. Individuals with T2D were
on pharmacotherapy or had documented T2D by glu-
cose tolerance tests and had at least one diabetic first
degree relative. Control individuals had no family his-
tory of diabetes in a first degree relative and a normal
fasting or post-challenge glucose [3]. Power to detect

an association with T2D was ∼80% for an OR of 1.5 at
minor allele frequencies over 0.15 for both Caucasian
and African American cohorts.

BGLAP SNP effects on metabolic parameters were
evaluated in nondiabetic individuals of European de-
scent from Utah (127 members of 26 families ascer-
tained for multiple individuals with T2D) [6], and
from unrelated individuals of European (n = 341) or
African-American (n = 157) heritage ascertained in
Arkansas (Supplementary Data, Table 1S). The Utah
cohort underwent a tolbutamide – modified, frequently
sampled intravenous glucose tolerance test (FSIGT).
Because tolbutamide became unavailable part way
through the study, 122 Caucasian and 69 African Amer-
ican subjects from Arkansas underwent tolbutamide
modified FSIGT, whereas the remainder had an insulin
modified FSIGT as described elsewhere [3]. All sub-
jects provided written, informed consent under proto-
cols approved by the Institutional Review Boards of the
University of Utah Health Sciences Center, the Univer-
sity of Arkansas for Medical Sciences, or the Central
Arkansas Veterans Healthcare System.

2.2. DNA sequencing

We sequenced a 2000 bp region that included all
exons, introns, 700 bp of 5’ flanking region, and the
3’ flanking region of the BGLAP gene (chromosome
1; 154477831-154479830 bp; NCBI Build 36.1) in 7
overlapping fragments. We evaluated 96 Caucasian
and 96 African American individuals with T2D. Se-
quencing was performed by Polymorphic DNA Tech-
nologies Inc., (Alameda, CA, USA). To ensure accura-
cy and sensitivity, only data from the high resolution,
high quality region of the DNA sequencing runs were
used. SNPs were called only when confirmed on both
strands.

2.3. Genotyping

We genotyped SNPs that were polymorphic in both
Caucasian and African American populations and non-



S.K. Das et al. / Analysis of osteocalcin as a candidate gene for type 2 diabetes (T2D) and intermediate traits 283

Table 2
Association of marginal means for metabolic traits including FSIGT
measures with genotype of BGLAP Polymorphisms rs34702397
(R94Q)

rs34702397 African American(Arkansas)
GG GA P

N 141 16

SI 4.79 (4.12–5.57) 3.45 (2.5–4.76) 0.052
AIRG 2843 (2286–3536) 2489 (1589–3967) 0.58
DI 1354 (1071–1715) 844 (509–1398) 0.073
SG 0.017 (0.015–0.019) 0.012 (0.009–0.016) 0.031
BMI 29.3 (28.1–30.7) 30.1 (27.3–33.2) 0.62

Marginal means are shown after adjustment for age, gender and BMI;
significance is based on a general linear model and p values are shown
without correction for multiple testing. All means are transformed
back to the linear scale from Ln-transformed values; 95% confidence
intervals are provided in parenthesis. SI, insulin sensitivity index
from MinMod in (pmol/l) min−1. AIRG in the Utah Caucasian study
is from the mean 2–10 min post challenge insulin excursion (pmol/l);
for Arkansas Caucasian and African American studies, AIRG is the
area under the curve from 0 to 10 min, converted to pmol/l. DI,
Disposition index (SI × AIRG) has no units. Values from the Utah
sample are × 10−2. DI values for Arkansas samples are taken from
the MinMod Millenium output. Based on the different calculation of
AIRG the Utah and Arkansas DI values are not directly comparable.
SG, glucose mediated glucose disposal (glucose effectiveness), is a
measure of the ability of glucose to promote its own uptake (min−1).
BMI, Body mass index (kg/m2). Data for the A92A polymorphism
are not shown.

synonymous SNPs identified from the dbSNP database,
as well as any newly identified SNPs within the gene
that showed a minor allele frequency over 0.05 in our
sequenced samples. SNPs were genotyped by Pyrose-
quencing (PSQ96, Qiagen Inc, Valencia, CA, USA),
and typing confirmed by 100% concordance in 10%
blinded duplicates.

2.4. Gene expression

Total RNA from transformed lymphocytes grown
under standard conditions was extracted using RNEasy
mini kit (Qiagene Inc) and reverse transcribed us-
ing random hexamers (Taqman Reverse Transcription
Reagents, Applied Biosystems, Inc, Foster City, CA).
BGLAP expression was measured by quantitative re-
al time PCR using SYBR green chemistry (Applied
Biosystems, Inc.) and normalized to 18S ribosomal
RNA. Primers excluded the overlapping PMF1 gene
and were designed for exon 1 and junction of exons 1
and 2, are available from the authors.

2.5. Statistical analysis

Comparison of allele frequencies in case-control co-
horts were performed using Fisher Exact and Cochran-

Armitage Trend tests. Hardy-Weinberg equilibrium
was tested by using exact test in the online DeFinetti
program (http://ihg2.helmholtz-muenchen.de/cgi-bin/
hw/hwa1.pl). Linkage disequilibrium analyses were pe-
rformed in Haploview v4.1 (http://www.broadinstitute.
org/mpg/haploview/index.php). Insulin secretion was
evaluated as either the mean (Utah cohort) or the area
under curve for the 0–10 min acute insulin response
to glucose (AIRG), glucose mediated glucose dispos-
al (also called glucose effectiveness, SG) and insulin
sensitivity (SI) was calculated from the FSIGT data us-
ing either the MinMod or MinMod Millennium pro-
grams [2,3,6,18]. Disposition index (DI), a measure
of the ability of the β-cell to compensate for insulin
sensitivity, was calculated as SI × AIRG (for units and
definitions see foot note of Table 2). Genotypic effects
on glucose homeostasis traits (SI, SG, AIRG and DI)
were tested using mixed effect, general linear regres-
sion models (GLM) implemented in SPSS v.12 for Win-
dows (SPSS Inc., Chicago, IL)., and age, body mass in-
dex (BMI), gender, genotype, protocol (tolbutamide or
insulin), and diagnosis (IGT or glucose tolerant) were
included as factors and covariates, as appropriate. To
account for the relatedness of sibships from the Utah
families, family number was included as a random fac-
tor in the GLM univariate analyses as described pre-
viously [1]. BGLAP expression between common ho-
mozygotes and C allele carriers groups was tested by
Student’s T-test. All skewed variables including gene
expression were ln-transformed to normality.

3. Results

The BGLAP gene spans 1162 bp on chromosome
1q and includes four exons. We observed 18 SNPs
(Fig. 1), of which 13 were novel and observed only
in African Americans (Supplementary Data, Table 2S).
Only the putative promoter SNP rs1800247 was ob-
served in both cohorts, whereas the nonsynonymous
SNP rs34702397 (R94Q) was observed only in African
Americans and synonymous SNP rs35330985 only in
Caucasians. Because all SNPs other than rs1800247
were uncommon, we lacked the power to examine most
variants. We tested rs1800247 in both populations, and
coding SNPs rs34702397 (R94Q) and A92A (novel) in
African American individuals. All SNPs were in Hardy
Weinberg equilibrium, and no SNP was associated with
T2D in either population (Table 1). Genotype data
for the 1q dense map [20] was available for 352 Cau-
casian and 414 African American samples. SNPs with-
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Fig. 1. Structure of Osteocalcin (BGLAP) gene and location of SNPs detected by sequencing. NS, Novel SNP; Genomic location based on
NCBI36.1 build.

in BGLAP were in very low levels of linkage disequi-
librium with other typed chromosome 1q SNPs (r2 <
0.1; Supplementary Data, Fig. 1S).

SNP rs1800247 was not associated with SI, fasting
glucose, AIRG, DI or SG in either population (Sup-
plementary Data, Table 3S). In contrast, rs34702397
(R94Q) was nominally associated with both SI (uncor-
rected p = 0.052) and SG (uncorrected p = 0.031) in
African American individuals, but not with AIRG or
DI (Table 2). No SNP was associated with obesity
measures (BMI, waist: hip ratio, and percent body fat).

We examined the effects of minor allele carrier status
for the putative promoter SNP rs1800247 on BGLAP
expression in transformed lymphocytes. Transcript lev-
els did not differ by genotype among cell lines from
Caucasian individuals (Supplementary Data, Fig. 2S).

Discussion

The identification of OCN resulted from the search
for a bone-derived hormone that regulated energy
metabolism in mice [12]. OCN is encoded by the 1162
bp, four exon BGLAP gene on human chromosome
1. OCN contains three glutamic acid residues in ex-
on 4 (68, 72, and 75) that undergo carboxylation to
γ-carboxyglutamic acid (Gla). Only uncarboxylated
OCN induced expression of adiponectin in adipocytes
and insulin and cyclinD1 in pancreatic islets [13]. In
humans, γ-carboxylation is controlled by the vitamin K
dependent enzyme γ-glutamyl carboxylase (GGCX).
Functional polymorphisms of GGCX and the vitamin
K epoxide reductase (VKORC1) gene were associated
with uncarboyxlated OCN levels [17,24]. Transcrip-
tional regulation of BGLAP in humans is controlled by
promoter binding of a complex that includes the tran-
scription factor RUNX2, coactivator CBP/p300, and
corepressor HDAC3 at the promoter [15,21]. Several
human studies also showed a significant negative corre-
lation of serum OCN with fasting plasma glucose, fast-

ing insulin, insulin resistance determined by the home-
ostasis model (HOMA), HbA1c, body mass index, per-
cent and body fat, as well as a positive correlation with
adiponectin [7,9,11,19]. Thus, BGLAP variants might
contribute to T2D susceptibility by altering expression,
OCN levels, or γ-carboxylation. To our knowledge this
is the first study to evaluate the role BGLAP variation
with susceptibility to T2D or metabolic traits.

Despite exhaustive screening in two populations, we
identified only one common SNP. Based on available
published studies and linkage disequilibrium calcula-
tions from the present study, neither GWAS studies [22,
23] nor the chromosome 1q mapping [20] were likely
to evaluate BGLAP adequately. Nonetheless, we find
little variation in this region, and little evidence for
an association with either T2D or related traits. We
find nominal evidence for an association of the non-
synonymous SNP rs34702397 (R94Q) with S I and SG

in African American individuals without correction for
multiple testing. Clearly with Bonferroni correction,
which is likely overly conservative given correlations
between traits and between SNPs, these associations
would no longer be significant. Furthermore, given the
low frequency of this variant, confirmation is required
in a much larger sample.

This study has some limitations. First, the majority
of SNPs were rare. Hence, a much larger population
would be required to detect a role in diabetes risk,
particularly if the odds ratios are below 1.5 as might be
expected from available data. Second, for effect sizes
typical of T2D genes other than TCF7L2 [25], we had
limited power. Hence, we cannot exclude a role for
rs1800247 with an odds ratio of 1.2 or less, typical of
many other T2D susceptibility genes. Third, we did
not have a measure of OCN or uncarboxylated OCN
in our populations. Association of SNPs with OCN
levels might be helpful. We did not find evidence for
an association with gene expression and no BGLAP
SNP was predicted to alter γ-carboxylation. Although
BGLAP is expressed in non-osseous tissues such as
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transformed lymphocytes, it lacks proper splicing [10]
and thus may not reflect transcript levels in other tissues
such as osteoblasts.

In summary, based on our analysis of a cohort with
adequate size to detect a risk factor with an odds ra-
tio over 1.5, BGLAP variants are unlikely to be a ma-
jor risk factors for T2D and are unlikely to contribute
to the 1q21 linkage signal in Caucasians. However,
the arginine to glutamine change at residue 94 of ex-
on 4 lies near the γ-carboxylation site may alter glu-
cose homeostasis traits in African Americans and needs
confirmation in a larger metabolic study.
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