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Abstract

A recent study identified a low frequency variant at CCNDZ2 associated with lower risk of type 2
diabetes, enhanced insulin response to a glucose challenge, higher height and, paradoxically,
higher BMI. We aimed to replicate the strength and effect size of these associations in independent
samples and to assess the underlying mechanism. We genotyped the variant in 29,956 individuals
and tested its association with type 2 diabetes and related traits. The low frequency allele was
associated with a lower risk of type 2 diabetes (OR=0.53; p=2x10-13; 6,647 cases vs. 12,645
controls), higher disposition index (=0.07 log10; p=2x10"11; n=13,028) and higher Matsuda
index of insulin sensitivity (8=0.02 log10; p=5x10-3; n=13,118) but not fasting proinsulin (3=0.01
log10; p=0.5; n=6,985). The low frequency allele was associated with higher adult height (3=1.38
cm; p=6x10"%; n=13,927) but the association of the variant with BMI (3=0.35 kg/m?; p=0.02;
n=24,807), estimated in four population based samples, was less than in the original publication
where the effect estimate was biased by analysing type 2 diabetes cases and non-diabetic controls
separately. Our study establishes that a low frequency allele in CCNDZ halves the risk of type 2
diabetes primarily through enhanced insulin secretion.

Introduction

A recent study used whole-genome sequencing and imputation techniques to identify one of
the first robust associations between a low frequency variant (1.47% in Icelandic population)
and type 2 diabetes(1). The effect of the G minor allele at rs76895963 was appreciably
larger than that of known common variants (OR=0.53)(1). The G allele was associated with
lower fasting glucose levels and higher insulinogenic index suggesting an effect on insulin
secretion but paradoxically was associated with higher BMI (0.56 kg/m?2)(1).

Genetic associations need testing in independent studies to ensure associations are not false
positive results and to establish an effect size less biased by winner’s curse (regression to the
mean). Once replicated, it is then important to test the underlying physiological mechanisms.

The apparently paradoxical association between the diabetes protective allele and higher
BMI needs further explanation. Genetic associations that are paradoxical to epidemiological
correlations have been described before and provide excellent targets for further
investigation of biological mechanisms(2; 3). However, associations between known type 2
diabetes alleles and BMI can be biased by a form of “index event bias”, sometimes referred
to as “truncation bias”, if datasets are restricted to cases or controls. This form of bias has
likely led to associations between the risk allele at 7CF7L2and lower BMI in cases, because
carriers of the risk allele do not need to be as overweight to develop diabetes(4).

We aimed to assess whether independent samples provide robust replication of the strength
and effect sizes of the CCNDZ2 associations and to investigate further the underlying
mechanisms that result in a low frequency allele reducing the risk of type 2 diabetes but
increasing height and BMI. We genotyped the CCNDZ2 variant in 29,956 individuals and
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tested its association with risk of type 2 diabetes and with measures of insulin sensitivity and
insulin secretion.

Research design and methods

We genotyped the low frequency CCNDZ2 variant (rs76895963) in 23,359 individuals of
European origin. Study characteristics and genotyping details are in Table 1. Call rates in all
samples exceeded 95% with no evidence of departure from Hardy-Weinberg equilibrium (P
> 0.05).

We tested the association of the low frequency variant with risk of type 2 diabetes, diabetes-
related intermediate traits (fasting glucose, 2-hour OGTT glucose, Matsuda index of insulin
sensitivity, insulinogenic index, disposition index of beta cell function, proinsulin levels),
BMI, fat percentage and height.

We used Matsuda index as a surrogate index of peripheral insulin sensitivity which is highly
correlated (rho = 0.7) with the gold standard measure of insulin resistance (euglycemic-
hyperinsulinemic clamp (M-value))(5).

We calculated Matsuda index of insulin sensitivity:

1000
InsO + Ins30 + Ins120 _ GlucO + Gluc30 + Gluc120
InsO X GlucO x 3 X 3
Insulinogenic index:
Ins30 — InsO

Gluc30 — GlucO

and insulin disposition index: Matsuda index of insulin sensitivity x Insulinogenic index.

To provide additional statistical power to estimate the effect of the variant on BMI, we
genotyped the variant in 6,579 female participants with pre-pregnancy BMI data from Avon
Longitudinal Study of Parents and Children study (ALSPAC)(6). Ethical approval for the
study was obtained from the ALSPAC Ethics and Law Committee and the Local Research
Ethics Committees. The ALSPAC study website contains details of all the data that is
available through a fully searchable data dictionary(7).

To increase our statistical power to estimate the effect of the low frequency variant on
Matsuda index, insulinogenic index and disposition index, we included 5,114 samples from
the Inter99 study that was part of the original discovery(1; 8). The Danish study was
approved by the Ethical Committee of the Capital Region of Denmark.

Diabetes-related intermediate traits were log10-transformed. We used age, sex, (and age? for
height and BMI) and, if applicable, measures required to correct for genetic background, as
covariates. We assumed an additive genetic model.
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Analyses of glycaemic traits, Matsuda index, insulinogenic index and disposition index were
performed in non-diabetic individuals. For BMI, we limited analyses to studies most
representative of the general population, with no or limited enrichment for or against type 2
diabetes. For the GoODARTS diabetes case control study we randomly selected a subset of
cases to include with all the controls such that the “population” consisted of 5% type 2
diabetes and 95% controls. We also reanalyzed data from the population based studies from
the original study but without separating diabetic from non-diabetic individuals and assessed
the extent of enrichment for diabetes in the Decode population based study.

We performed fixed-effects inverse variance-weighted meta-analysis in R(9). Evidence of
between-study heterogeneity was assessed using Cochran’s Q test and the / statistic(10).

The CCND2 low frequency allele is associated with a lower risk of type 2 diabetes

The frequency of rs76895963[G] was 1.97% in GODARTS (Scottish), 2.15% in METSIM
(Finnish), 1.51% in RISC (European-wide) and 2.04% in ALSPAC (South West UK). The
rs76895963[G] allele was associated with a lower risk of type 2 diabetes with a very similar
effect size to that described in the initial discovery study (OR unadjusted for BMI1=0.53
[95% confidence interval: 0.45,0.63]; p=2 x 10"13, OR adjusted for BMI=0.49 [0.40,0.58];
p=2 x 10°14; 6,647 cases vs. 12,645 controls, Table 2 and Figure 1). Meta-analysis with
12,939 cases and 70,909 controls from the discovery studies revealed no evidence of
heterogeneity of effect size across 5 studies (OR unadjusted for BMI1=0.53 [0.48, 0.59]; p=1
x 10730, OR adjusted for BM1=0.47 [0.42,0.53]; p=1 x 10-35; 19,586 cases vs. 83,554
controls; heterogeneity p=0.9 for both unadjusted and adjusted model, Table 2 and Figure 1)

The CCND2 low frequency allele is associated with higher insulin secretion

The G minor allele was associated with lower fasting glucose (8=-0.02 log [-0.02,-0.01];
p=5 x 10"%; n=11,739) and lower 2-hour OGTT glucose (R=-0.05 log [-0.05,-0.02]; p=6 x
10°5; n=8,261). The combined meta-analysis estimated 0.01 log [-0.02,-0.01] lower fasting
glucose levels (p=9 x 10°8; n=23,503) and 0.04 log [-0.05,-0.02] lower 2-hour OGTT
glucose levels (p=1 x 10™; n=13,161) per copy of type 2 diabetes protective allele (Table 2).

The type 2 diabetes protective allele was associated with improved ability to secrete insulin
in response to a glucose challenge test: higher insulinogenic index ($=0.06 log10
[0.03,0.09]; p=1 x 10" n=8,067; and R=0.05 log10 [0.03,0.07]; p=8 x 10°%; n=13,181
including the original study, Table 2). The low frequency allele was associated with higher
disposition index (8=0.08 log10 [0.05,0.11]; p=1 x 10°"; n=8,050). Disposition index was
not presented in the original study, but we analysed the Danish Inter99 study and meta-
analysed with METSIM and RISC which provided an effect of 0.07 log10 [0.05,0.09] with
higher disposition index (p=2 x 1011, n=13,028; Table 2).

The G allele was not associated with any measures of proinsulin levels adjusted for
corresponding insulin levels at same time-points during OGTT (Table 2).
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The analysis of the CCNDZ2low frequency allele and the Matsuda index in METSIM and
RISC produced a borderline result (3=0.03 log10 [0,0.05]; p=0.05; n=8,134). A meta-
analysis of all 13,118 non-diabetic individuals from METSIM, RISC and Danish Inter99
resulted in a small association with Matsuda index (3=0.02 log10 [0.01,0.03]; p=5 x 103,
Table 2).

The effect size of the CCND2 low frequency allele with height is consistent with the
original study

The G minor allele was associated with higher adult height (3=1.38 cm [0.92,1.84], p=6 x
109, n=13,927, Table 2). The combined meta-analysis including data from the original study
estimated 1.24 cm [0.97,1.51] higher height per copy of the type 2 diabetes protective allele
(p=2 x 101, n=92,163, Table 2).

The effect size of the CCND2 low frequency allele with BMI is lower than reported in the
original study

The original report found an association between the low frequency CCNDZ2 allele and
higher BMI (0.56 kg/m?) analysed separately in type 2 diabetic and non-diabetic individuals
resulting in spurious associations due to index event biases. To further test the BMI
association, we first showed that individuals from the Decode study with both CCND2
genotype and BMI available were slightly enriched for diabetic cases (Supplementary Figure
1). We showed that this type of enrichment in population studies results in a bias towards an
association between the protective allele and lower BMI, because the diabetic cases tend to
be heavier and carry less protective alleles than non-diabetic individuals (Supplementary
Figure 2). We thus decided to focus our analysis of the BMI association to the four
population studies with no apparent enrichment for or against type 2 diabetes, i.e. three
studies from the original publication (the Iranian TLGS study (n=8,658), the Danish Inter99
study (n=6,228) and the Danish Health2006 study (n=3,324)) and ALSPAC (n=6,597). This
resulted in a smaller effect of the variant on BMI than reported in the original publication
(R=0.36 kg/m? [0.06,0.65]; p=0.02; n=24,807, Table 2). We observed no heterogeneity
between the effect estimates between these four population based studies (heterogeneity
p=0.8, Table 2). This analysis represented our least biased estimate of the effect size. When
we combined results from the four studies included in the original publication (re-analysed
including both type 2 diabetes cases and controls) with results from four studies added in
this paper (with the GoDART study individuals sampled so as to include only 5% diabetic
cases), the association with BMI was present but with lower effect size (3=0.25 kg/m2
[0.08,0.43]; p=0.004; n=109,492; Table 2 and Figure 2) and with some evidence of
heterogeneity (p=0.03).

We found no association with fat mass percentage (3=0.00 [-0.01,0.01], p=0.5, n=6,979 non-
diabetic individuals, Table 2).

Discussion

Our study provides robust replication of the relatively large protective effect of a low
frequency variant at CCNDZ2 against risk of type 2 diabetes, and its association with
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improved insulin secretion and higher height. The estimate of the effect size on risk of type 2
diabetes in our study was very close to that of the discovery studies and therefore confirms
an unbiased estimate of the effect size — carriers of the low frequency allele are at
approximately half the risk of type 2 diabetes compared to non-carriers. Our results, together
with data from the original study, provide very strong evidence of the mechanism of diabetes
protection. The associations with improved disposition index and insulinogenic index but
smaller effects with the Matsuda index, in up to 13,181 individuals, show that the protective
diabetes effect operates primarily through a mechanism of relatively favorable insulin
secretory response to a glucose challenge and to lower blood sugar more effectively than
non-carriers. The effect is unlikely to act through improved insulin processing, as we saw no
association with proinsulin levels in the METSIM study, despite previous observations of
associations between the 7CF7L2and other diabetes risk alleles in this study(2).

Our data suggest that the association between the CCNDZ protective variant and higher BMI
is lower than that previously reported. A re-analysis of previous data, together with new
data, provided evidence of an association between the CCNDZ2 protective allele and higher
BMI but we observed a smaller effect and heterogeneity between studies. Determining the
true biological effect of the variant on BMI was very difficult because of “index event” bias.
The index “event” in this case was a classification of normoglycaemia, therefore people
carrying a type 2 diabetes protective allele remain normoglycaemic at higher BMIs. Similar
such likely biases have been observed between strong diabetes risk alleles and BMI where
the risk allele at 7CF7L2was associated with lower BMI in type 2 diabetic individuals
because individuals carrying a risk allele will develop diabetes at lower BMIs than non-
carriers on average(4; 11). Index event bias means it is extremely difficult to determine
whether or not diabetes risk alleles have biological effects on BMI.

In summary, we replicated the diabetes and height growth effects of the low frequency
variant at CCNDZ2in 23,359 individuals. Our best estimate of the effect of the variant on
BMI suggests that the effect is smaller than reported in the original publication due to index
event bias. Further studies are needed to establish the size of the BMI association. Our data,
together with the original finding, show a mechanism through improved insulin secretion
which results in lower fasting glucose levels, lower 2-hour OGTT glucose levels and a lower
risk of type 2 diabetes. Combining all data including 19,586 type 2 diabetes cases and
83,554 controls from the original study and our study provides evidence that carrying this
variant reduces the risk of type 2 diabetes by approximately 50% relative to non-carriers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Type 2 diabetes (BMI unadjusted)
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Figure 1.

Forest plot of the association between the CCND2rs76895963 low frequency allele and type
2 diabetes (unadjusted for BMI) in discovery and replication studies. The dashed line
indicates null effect. The top, middle and bottom diamonds represent the effect size (center
of diamond) and 95% confidence intervals (horizontal ends) from the discovery studies,
replication studies and overall meta-analysis; respectively.
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Figure 2.

Fogrest plot of the association between the CCNDZ2rs76895963 low frequency allele and
BMI including eight studies with no, or limited, ascertainment or enrichment for or against
type 2 diabetes. These eight studies included four from the original paper, including Decode
individuals and a sample of GODARTSs individuals made to consist of 5% diabetic cases. The
dashed line indicates null effect. The top, middle and bottom diamonds represent the effect
size (center of diamond) and 95% confidence intervals (horizontal ends) from the discovery
studies, replication studies and overall meta-analysis; respectively.
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