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Abstract
Chromosome 20q12-q13.1 has been linked to type 2 diabetes (T2D) in multiple populations. We
examined the influence of genes in this region on T2D and BMI in two European American case-
control populations. SNPs were genotyped in 300 diabetic patients and 310 controls. A subset of 72
SNPs were further genotyped in 470 cases and 442 controls. All genes examined showed evidence
of association with T2D in the initial sample (additive P-value [Pa] =0.00090–0.045). SNPs near
PREX1 were also associated in the second case-control population (Pa=0.017–0.042). The combined
analysis resulted in the same SNPs, among others, associated with T2D (Pa=0.0013–0.041).
Stratification analysis by T2D status showed that association with BMI was observed solely in cases
(Pa=0.0018–0.041). Mediation testing revealed 30–40% of the effects of these SNPs on T2D were
significantly mediated by BMI. SNPs near PREX1 may contribute to T2D susceptibility mediated
through effects of adiposity in European Americans
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1. Introduction
The 20q12-13.1 region is one of the most consistently replicated areas of linkage to type 2
diabetes mellitus (T2DM) in family studies in both Caucasian [1–6] and Asian [7,8]
populations. These results suggest that one or more genes contribute to T2DM susceptibility
in this region. Efforts to identify T2DM genes have had mixed results. For example, evaluation
of hepatocyte nuclear factor 4-alpha (HNF4ά), a maturity onset diabetes of the young gene,
has shown evidence of association with T2DM [9–11] as well as lack of evidence [12]. The
same is true for other candidates in the area including PTPN1 and SLC2A10 [13–16]. It is
possible that population and genetic heterogeneity are an explanation for these seemingly
contradictory results. Additionally, reports have shown significant changes in both linkage
signals and p-values when accounting for the effects of BMI [7,8]. Alternatively, these
inconsistencies may also suggest the true T2DM susceptibility gene(s) has not been identified
or additional loci remain unidentified. In a prior SNP survey of a 6 MB region of 20q12-13.1
in our laboratory three genes: nuclear receptor coactivator 5 (NCOA5), cadherin-like 22
(CDH22), and phosphatidylinositol 3, 4, 5-triphosphate-dependent RAC exchanger 1
(PREX1) [17], with suggestive evidence of association with T2DM were identified warranting
further investigation. In this study we built on our previous investigation by targeting these
regions for higher density genotyping compared to our initial screen and evaluating these SNPs
in an additional sample of cases and controls. Additionally, we conducted more targeted
intensive analyses in an attempt to more clearly understand the effects of genotyped SNPs on
T2DM risk and measures of adiposity.

Our objective was to examine the influence of NCOA5, CDH22, and PREX1 on T2DM and
BMI in two European American (EA) case-control populations by examining 95 common
SNPs in these genes.

2. Results
Ninety five SNPs were genotyped to investigate evidence of association with T2DM in the
regions containing the NCOA5, CDH22, and PREX1 genes in European Americans. NCOA5,
CDH22, and PREX1 were identified as possible T2DM susceptibility genes in a SNP survey
covering 6 MB in the 20q12-q13 region [17]. Here these genes were targeted for higher density
SNP genotyping and genotyping in an additional sample of cases and controls. Fifty SNPs are
from chr20:44,069,142–44,365,336 (UCSC Genome Browser, March 2006 assembly; [33])
encompassing the genes matrix metalloproteinase 9 preproprotein (MMP9), solute carrier
family 12 member 5 (SLC12A5), nuclear receptor coactivator 5 (NCOA5), CD40 antigen
isoform 1 precursor (CD40), and cadherin 22 precursor (CDH22). The 45 remaining SNPs
were located in chr20:46,441,248–46,757,117 (UCSC; [33]) and encompassed exons 7–40 of
the phosphatidylinositol-3,4,5-trisphosphate-dependent RAC exchanger 1 (PREX1) gene
(PREX1 is transcribed in the anti-sense direction) and an approximately 230kb area directly 5′
of the PREX1 genic region. All SNPs were genotyped in the T2DM-ESRD samples while a
subset of 72 SNPs were genotyped in the Diabetes Heart Study (DHS) population. Population
characteristics are shown in Table 1. Briefly, the T2DM-ESRD population cases and controls
were approximately of the same age. Controls of the T2DM-ESRD population had no BMI
data available. In the DHS population, controls were slightly older than cases but showed lower
levels of adiposity as measured through BMI.

2.1 Association analysis in the T2DM-ESRD population
Initially 95 SNPs were genotyped in a sample of 300 T2DM-ESRD cases and 310 non-diabetic
controls to scan these loci for evidence of association with T2DM. Results of the single SNP
association analyses with T2DM for the 72 SNPs that were also genotyped in the DHS
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population are shown in Table 2. Results of additional SNPs genotyped in the T2DM-ESRD
population but were not genotyped in the DHS population are shown in Supplementary Table
1. Genotype frequencies and counts for replicated SNPs are provided in Supplementary Table
2. In the NCOA5-CDH22 region evidence of association with T2DM was observed with 10
SNPs (additive P [Pa]=0.00090–0.045). Two of these SNPs, rs2297200 and rs9074, were
located in SLC12A5 with Pa-values of 0.019 and 0.0083, respectively. Three associated SNPs
(rs1537028, rs2903908, and rs1406826) were located in NCOA5 (Pa=0.020, 0.024, and 0.017
respectively) while another, rs2868764 (Pa=0.045), was within 3.2kb 3′ of the gene. In
CDH22, three SNPs (rs1010310, rs2425786, and rs6074069) showed evidence of association
with T2DM with Pa-values of 0.00090, 0.011, and 0.022 respectively. rs6032664, located in
an intragenic region, was also nominally associated under the additive model (Pa=0.031) but
deviated from Hardy-Weinberg proportions in the population (Supplementary Table 2).

In the PREX1 region 11 SNPs showed evidence of association with T2DM (Pa=0.0012–0.031).
Three of these SNPs (rs2664570, rs2073072, and rs2294910) were located within the
PREX1 gene region (Pa=0.026, 0.031, and 0.013 respectively). The remaining eight associated
SNPs were located 3′ of PREX1 with respect to gene transcription; PREX1 is coded on the
reverse strand to the conventional physical sequence map forward direction. A cluster of five
of these SNPs was positioned in an area of moderate to high linkage disequilibrium and had
Pa-values ranging from 0.010–0.027 (Table 2). The most significant association with T2DM
in the PREX1 region was seen with rs4810813 (P=0.0012) but this marker was inconsistent
with Hardy-Weinberg equilibrium in controls (P=0.026). Two other SNPs, rs6090875 and
rs3924220, were associated with T2DM (Pa=0.030 and 0.0029 respectively) and both were in
high LD with each other (D =0.867, r2=0.741).

2.2 Association analysis in the DHS population
A subset of 72 SNPs were also genotyped in 470 samples from T2DM-affected individuals
from the DHS and an independent set of 442 controls. Results of the association analyses for
the SNPs genotyped in the DHS population are shown in Table 2. Genotype frequencies and
counts for each SNP are provided in Supplementary Table 3. In this cohort none of the SNPs
in the NCOA5-CDH22 region or the PREX1 genic region were significantly associated with
T2DM. However, similar to the T2DM-ESRD population, multiple SNPs were associated with
T2DM in the area 3′ of PREX1 (Table 2). Three SNPs (rs7263053, rs1321006, and rs926692)
showed evidence of association with T2DM in participants of the DHS (Pa=0.024, 0.020, and
0.041 respectively). Within this region rs999151, rs4809696, and 12481537 also showed
nominal evidence with T2DM with Pa-values of 0.023, 0.017, and 0.042 respectively.

2.3 Association analysis of the combined population
To more thoroughly investigate the effects of the genes we analyzed the T2DM-ESRD and
DHS populations as a single sample resulting in 770 diabetic cases and 752 healthy controls.
Linkage disequilibrium structure plots of the NCOA5-CDH22 and PREX1 regions for the SNPs
genotyped in this population are shown in Supplementary Figures 1 and 2 respectively. Results
of the single SNP association analyses are shown in Table 2. Genotype frequencies and counts
for each SNP are provided in Supplementary Table 4. In the NCOA5-CDH22 region a single
SNP (CDH22 SNP rs1010310) was nominally associated with T2DM (Pa=0.019). All other
SNPs in this region failed to show evidence of association (Table 2). In the PREX1 region nine
SNPs showed evidence of association with T2DM (Pa-values ranging from 0.0013 to 0.041).
None of these SNPs were located within the PREX1 gene sequence. Consistent with analyses
of the individual populations, the associated SNPs in the combined sample were clustered in
the 3′ region of PREX1 transcription. Six of these SNPs resided in a region of high LD and
generally showed stronger evidence of association compared to the evaluation of the T2DM-
ESRD or DHS populations separately (Supplementary Figure 1 and Table 2). Two other SNPs
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(rs6019212 and rs12481537) in high LD with the six SNP block (D >0.70 for all inter-SNP
combinations, data not shown) were associated with T2DM as well (Pa=0.013 and 0.034
respectively). rs4810813 also showed modest evidence of association with T2DM (Pa=0.013)
and was not in high LD with any other associated SNP.

In order to determine whether combinations of alleles from associated SNPs 3′ of PREX1 led
to enhanced T2DM risk we performed extensive haplotypic association analyses in the region.
Based on the single SNP association results and the LD structure in the combined population
multiple haplotypes were evaluated. From these analyses the most significantly associated
haplotypes consisted of alleles from five contiguous SNPs: rs7263053, rs1321006, rs4809696,
rs926693, and rs926692 (Global P=3.26 × 10−6). Upon further investigation we observed
several rare haplotypes in this region with frequencies less than 0.02. To evaluate the effect
these uncommon haplotypes contributed to T2DM risk we repeated the analysis excluding
haplotypes with frequencies less than 0.02. When evaluating only common haplotypes we still
observed evidence of association with T2DM (Global P=0.0044) (Table 3). The most common
haplotype in both cases and controls (frequency = 0.506 and 0.561 respectively) was associated
with protection from T2DM with a haplotype-specific P-value of 0.0032 (OR=0.87) while the
2nd most common haplotype (frequency = 0.290 and 0.224 respectively) was associated with
increased risk for T2DM with a haplotype-specific P-value of 5.93 × 10−4 and OR of 1.41
(Table 3).

To explore the possible effect of adiposity on T2DM risk in the combined population an
association analysis was repeated adjusting for BMI using SNPADDMIX (Table 4). BMI data
was available for 761 cases and 407 controls (Table 1). Evidence of association with T2DM
in the region 3′ of PREX1 was similar in this subset of individuals prior to BMI adjustment
(data not shown). However, after BMI adjustment evidence of association with T2DM was
substantially reduced. SNPs rs926693 and rs926692 remained marginally associated with
T2DM after BMI adjustment (Pa=0.044 and 0.030 respectively) and six other SNPs in the
region were trending towards significance (Pa-values ranging from 0.055 to 0.092).

Based on the BMI-adjustment results of the T2DM association analysis, SNPs were tested for
association with BMI itself (Table 5). In the region 3′ of PREX1 10 SNPs were significantly
associated with BMI in the combined population (Pa-values ranging from 0.0015 to 0.029):
evidence of association comparable to that observed with T2DM (Table 5). The effect size of
these SNPs ranged from 0.010 to 0.015 units of log transformed BMI for each copy of BMI-
increasing allele. For the most associated SNP in the region, rs999151, individuals with CT
and TT genotypes have a 1.16 kg/m2 and 1.87 kg/m2 increase in BMI when compared to CC
carriers respectively.

In an effort to clarify the relationship between the SNPs 3′ of PREX1, BMI, and T2DM, we
further evaluated association with BMI in the case and control populations separately. In the
control population, which consisted of 407 individuals, no SNP in the region 3′ of PREX1
showed evidence of association with BMI (Table 5). However, the case population, which
consisted of 761 individuals (Table 5), multiple SNPs in the region 3′ of PREX1 were associated
with BMI including 12 adjacent genotyped SNPs showing evidence of association with Pa-
value ranging from 0.0018 to 0.041.

The observation that SNPs in the region 3′ of PREX1 were associated with BMI solely in the
case stratum suggested BMI may mediate the effect of these SNPs on T2DM risk. Therefore,
a formal mediation analysis was performed assuming the independent variable (SNP genotype)
significantly affected the dependent variable (T2DM status). Only SNPs associated with T2DM
in the subjects with BMI data (761 cases and 407 controls) were tested for mediation by BMI.
Seven SNPs, all in the region 3′ of PREX1, were associated with T2DM in this population
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(Table 6) and the mediation analysis revealed that 30–40% of the effects of six of these SNPs
on T2DM were significantly mediated by BMI according to both the Sobel and Goodman tests
of mediation (Table 6).

3. Discussion
Recently, several genome-wide association (GWA) and candidate gene studies have reported
evidence for multiple type 2 diabetes mellitus susceptibility genes throughout the genome
[34–38]. Even though these publications have provided a wealth of information for diabetes
investigators, it is now clear that these genome-wide approaches account for 20% or less of
the genetic risk for T2DM. This suggests that other more targeted approaches which encompass
in depth analysis of data will be productive in identifying new loci. Historically, the 20q12-13.1
region of chromosome 20 is one of the most consistently replicated areas of linkage to T2DM
in family studies [1–8]. Conflicting results from numerous candidate gene studies in the region
leads to the question of whether or not the T2DM risk loci have indeed been identified. Based
on prior data from a dense SNP map of chromosome 20q13.1 performed at our center [17] we
have performed a detailed evaluation of the candidate genes NCOA5, CDH22, and PREX1.

In our T2DM-ESRD population consisting of 300 diabetic cases with ESRD and 310 healthy
controls we observed evidence of association with T2DM in the NCOA5, CDH22, and
PREX1 gene regions. Seven SNPs genotyped between intron 21 of SLC12A5 throughout all of
the NCOA5 sequence to approximately 30kb 3′ of NCOA5 were associated with T2DM.
SLC12A5 is a potassium-chloride cotransporter that maintains intracellular chloride
concentrations but is not expressed in tissues that seem directly involved in either T2DM or
nephropathy [39]. NCOA5 encodes a coregulator for the alpha and beta estrogen receptors
[40]. Alpha estrogen receptor knockout mice are insulin resistant, obese, and have impaired
glucose tolerance [41]. Preliminary functional studies in our laboratory have shown moderate
levels of NCOA5 in L6 and C2C12 skeletal muscle cell lines (data not shown). Three SNPs
located from intron 3 to intron 6 of CDH22 were associated with T2DM. CDH22 encodes a
calcium-dependent cell adhesion protein that is involved in morphogenesis and tissue
formation and is expressed in diabetes-related tissues such as pancreatic beta cells and liver
[42]. Eleven SNPs were associated with T2DM in the PREX1 region. Three of these SNPs
were located from intron 16 to the 3′ UTR of PREX1 while most of the evidence of association
with T2DM was observed 3′ of the gene sequence. PREX1 encodes a guanine exchange factor
for different RAC proteins in multiple cell types and is activated by the lipid second messenger
phosphatidylinositol 3, 4, 5-triphosphate, generated by phosphoinositide 3-kinase (PI3K) and
the βγ subunits of heterotrimeric G-proteins [43,44]. There is evidence that the PREX1 protein
directly affects RAC1 and RAC2 activity [45]. RAC1 is a member of the of the Rho subfamily
of small GTP-binding proteins and its activity has been implicated in cytoskeletal (actin)
reorganization, glucose transporter 4 (GLUT4) translocation, and insulin secretion [46,47].
Therefore, it could be hypothesized that changes in the PREX1 sequence, its expression, or its
protein could influence the diabetes-related traits mediated by RAC1.

Despite the evidence of association with T2DM in our T2DM-ESRD population we failed to
replicate observed associations near NCOA5 and CDH22 in the DHS sample population. This
may reflect a lack of power given the small sample sizes of the T2DM-ESRD or DHS
populations and the moderate effect sizes observed in the initial T2DM-ESRD population data.
Recently however, association of CDH22 with T2DM was observed in a genome-wide
association study of a Scandinavian population [34]. In addition, genotyping of NCOA5 SNPs
in samples from the Insulin Resistance Atherosclerosis Study has provided suggestive evidence
of association with SNPs located in NCOA5 with various quantitative measures of glucose
homeostasis (data not shown). The initial NCOA5 and CDH22 results were from cases with
diabetes and ESRD. There is no biological information that supports a role for either
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NCOA5 or CDH22 with any form of nephropathy, although we cannot discount the effects of
these genes based on this information alone.

SNPs that were associated with T2DM in the DHS population were those located 102–184kb
3′ of PREX1. More specifically, this area is part of a larger 800kb ‘gene desert’ region flanked
by SULF2 (sulfatase 2) and PREX1 (45.9–46.7Mb, UCSC Genome Browser, March 2006
assembly). There are no annotated genes in the region that showed evidence of association and
only 1 short mRNA found in testis [33]. In addition, none of the associated SNPs genotyped
3′ of PREX1, with the exception of rs4809696, are located in any LINE or SINE human repeats
or long segmental duplications that may cause spurious evidence of association. rs4809696 is
located in a 205bp L1 family member of the LINE superfamily (L1MDa) [33]. Not unlike
previous investigations, this is another example of non-genic regions of DNA that are
significantly associated with T2DM [35,37,48].

In the combined T2DM-ESRD and DHS population analysis we generally observed stronger
evidence of association with T2DM with the SNPs 3′ of PREX1 while no evidence was
observed in NCOA5 or CDH22. It is possible that the lack of association in NCOA5 and
CDH22 in the combined population could be the result of heterogeneity between the DHS and
T2DM-ESRD populations. However, we have no evidence that T2DM is expressed differently
in the presence of ESRD. In fact, prior investigations in our laboratory examining other
candidate genes have shown little to no differences in T2DM association results when
comparing populations with or without ESRD. Detailed haplotype analyses in the region 3′ of
PREX1 showed both common and rare five-SNP haplotypes in this area were associated with
altered risk for T2DM. If one takes into consideration that multiple SNPs were genotyped,
correcting for multiple comparisons using a Bonferroni adjustment would result in no
association P-values reaching the designated threshold (0.00053). However, due to the
presence of LD among associated SNPs and the a priori nature of this study based on linkage
results we believe that such a correction method is too stringent.

To better understand the relationship between the genotyped SNPs, adiposity, and T2DM, we
repeated the association test accounting for BMI resulting in only two SNPs remaining
marginally associated with T2DM in the region and six others trending towards significance
with Pa-values ranging from 0.055 to 0.092. Subsequently, we tested whether these SNPs were
associated with BMI itself and observed evidence of association comparable to that observed
with T2DM. The test for association between BMI and these SNPs stratified by T2DM status
identified 13 SNPs that were significantly associated with BMI solely in the case stratum
suggesting that BMI may mediate the effect of these SNPs on T2DM. A formal mediation
analysis revealed that approximately 30–40% of the effects six SNPs have on T2DM risk are
significantly mediated by BMI. It is well known that obesity is a significant risk factor in the
development of T2DM. In addition, there is strong evidence to suggest that various measures
of obesity (i.e. BMI) and T2DM might be influenced by the same genetic and environmental
factors. Therefore, it is sensible to imagine a causal pathway where the effect of these factors
on T2DM is mediated by obesity. These results suggest that SNPs near the PREX1 gene may
contribute to diabetes susceptibility, which is mediated through effects of adiposity in European
Americans.

These results, driven by extensive evidence in family studies, leads to the question of whether
these associated SNPs are the basis for the prior evidence of linkage. The family sample in our
study which lead us to focus on this region of chromosome 20 [1] is quite modest by current
standards and has little power to address this issue. These results do, however, suggest a
reappraisal of linkage in other study populations. This may be especially pertinent with the
reemerging interest in family studies.
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In conclusion, we have evaluated three candidate genes (NCOA5, CDH22, and PREX1) in the
20q12-13.13 T2DM-linked region on chromosome 20. Although we could not replicate these
findings for NCOA5 and CDH22 in an independent population, recent reports and/or
preliminary functional studies in our laboratory suggest there may be a role for these genes in
T2DM risk. SNPs in a region 3′ of PREX1 were also associated with T2DM in two independent
populations. Takeuchi et al. recently described evidence of association with T2DM near
PREX1 [49]. Interestingly, the effect of these SNPs located 3′ of PREX1 on T2DM risk are in
some way mediated by measures of adiposity. Further evaluation of these genes is necessary
to understand the biological impact these polymorphisms have on both T2DM and adiposity,
but this study demonstrates the importance of targeted intensive analysis of genomic regions
to locate T2DM genes.

4. Research Design and Methods
Subjects

Two independently recruited collections of T2DM patients and control subjects have been
evaluated in this study. The first group consisted of 300 unrelated EA T2DM patients with
end-stage renal disease (ESRD) and 310 randomly ascertained unrelated EA controls without
known diabetes or renal disease. Collectively, this group is referred to here as the “T2DM-
ESRD” population. Their recruitment has been previously described in detail [18–20]. Briefly,
both cases and controls were recruited simultaneously. The T2DM-ESRD cases had a mean
age at diagnosis of T2DM of 46.5 years, a mean duration of T2DM greater than 15 years, a
mean BMI of 28.5 kg/m2, and a mean HbA1c of 8.6%. Controls had a mean age of 45.8 years
and no BMI data available.

The second collection of T2DM-affected participants consisted of 470 probands from the
Diabetes Heart Study (DHS) [21]. The DHS is a single-center family-based study of
atherosclerosis in T2DM-enriched families. These participants (DHS cases) had a mean age
of diagnosis of T2DM of 51.6 years old, mean BMI of 33.0 kg/m2, a mean duration of T2DM
of 11.2 years, and a mean HbA1C of 7.5%. Unlike the T2DM-ESRD cases, DHS participants
were recruited with an exclusion of diabetic nephropathy. As a control population for this group
we genotyped DNA from 442 unrelated healthy self-declared EA subjects, who had a mean
age of 57.3 years old and a mean BMI of 28.1kg/m2. Collectively, this case-control sample is
referred to as the “DHS” population. This study was approved by the Institutional Review
Board of Wake Forest University School of Medicine and was in accordance with the principles
of the Declaration of Helsinki

SNP Selection and Genotyping
All SNPs were selected from the dbSNP database prior to phase II of the HAPMAP project.
SNPs were preferentially selected that were validated, had minor allele frequencies >0.1 in the
Caucasian European sample (CEU) of the HAPMAP project, and were spaced evenly over the
regions of interest. In the NCOA5-CDH22 region 50 SNPs were selected for genotyping. Thirty
four of these SNPs were genotyped in the HAPMAP project and corresponded to a mean r2

>0.70 over the entire 296kb region compared to a mean r2 <0.39 in our prior investigation.
Similarly, in the PREX1 region (~316kb) 45 SNPs were selected for genotyping, 33 of which
were genotyped in the HAPMAP project and corresponding to a mean r2 >0.60 compared to
a mean r2 <0.28 in our prior investigation [17].

Genotyping was performed using the Sequenom MassArray genotyping system (Sequenom
Inc., San Diego, CA) [22]. Primer sequences are available upon request. SNP genotyping
success rates in the combined population were >95.3% in cases and >94.4% in controls.
Concordance between blind duplicate samples included in the genotyping was >98%.
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Statistical Analyses
Each SNP was tested for departures from Hardy-Weinberg equilibrium (HWE) expectations
by calculating a chi-square goodness of fit test. Structures of the haplotype blocks were
ascertained using Haploview 3.2 [23] using the criteria outlined in Gabriel et al. [24].

Measures of linkage disequilibrium (LD) and association were calculated using the program
SNPGWA [25]. For each pair of SNPs the LD statistics D′ and r2 were computed. To test for
an association between a SNP and T2DM the primary inference was based on the additive
genetic model (Cochran-Armitage trend) and secondarily the overall 2-degree of freedom
(genotypic) test. To test for departures from additivity a lack of fit test was calculated. All
single-SNP association analyses were adjusted for age and sex, which did not significantly
change the results. The haplotype frequencies in cases and controls were calculated using the
expectation-maximization algorithm and compared using omnibus and haplotype-specific tests
implemented in PLINK [26]. Tests of genotypic association as well as association under a
priori genetic models adjusting for the effect of body mass index were calculated using
SNPGWA. Quantitative trait association analyses were performed using a module of
SNPGWA (QSNPGWA) [25]. BMI values were log-transformed to approximate normal
distribution prior to analysis.

As part of this study we have carried out a Mendelian randomization analysis to test for the
mediator effect of BMI on the association of the risk allele of a genetic locus with the outcome
measure T2DM. Specifically, we tested if the effect of the allele on T2DM varies with the
levels of BMI such that BMI may account for some of the correlation observed between the
risk allele and T2DM [27–29]. This definition in itself is valid for both confounding and
mediation effects. Statistical mediation has proven to be a valuable tool for understanding
complex relationships between three or more variables, but this approach by itself is not
sufficient to tease apart a confounding effect from a mediation effect.

Conventional mediation analyses assumes that both the mediator and outcome are continuous
variables [30]. For example, three linear models are fitted: one for the direct effect of the
independent variable (X) on the outcome of interest (Y), another for testing the same effects
after adjusting for the mediator (Z), and finally, a model that tests for association between the
independent variable (X) and the mediator (Z). The appropriate parameter estimates from each
model are then combined into a statistical test for mediation. This approach was modified in
our analysis since the outcome variable (T2DM) and independent variable (locus allele) were
binary in nature. In this case, the estimated parameters needed to be standardized to account
for the difference in scale observed between logistic and linear regressions. Here we have used
the scaling methods described in Mackinnon et al., 1993 and the SAS macro provided by Jasti
et al., 2008 to test whether obesity measured by BMI is mediator of the effect between SNPs
within PREX1 and T2DM [28,31]. Statistical significance was evaluated using large sample
tests where the variance of the mediation parameter estimate is computed using both Sobel’s
[30] and Goodman’s formulations [32].

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 1

Population Characteristics

N Mean Age ± Std. Deviation (Years) Mean BMI ± Std. Deviation (Kg/m2) Mean HbA1C (%)

T2DM-ESRD Group

Cases 300† 46.5 ± 12.8 28.5 ± 6.8 8.6

Controls 310 45.8 ± 10.6 - -

Combined 610 46.1 ± 11.5 28.5 ± 6.8 -

DHS Group

Cases 470 51.6 ± 9.3 33.0 ± 6.7 7.5

Controls 442* 57.3 ± 13.7 28.1 ± 5.2 -

Combined 912 54.4 ± 11.2 30.6 ± 6.5 -

Entire Population

Cases 770† 49.6 ± 10.6 31.2 ± 7.1 7.9

Controls 752* 52.6 ± 12.1 28.1 ± 5.2 -

Combined 1522 51.1 ± 11.6 30.1 ± 6.7 -

*
BMI data was available for 407 controls

†
BMI data was available for 291 cases in the ESRD-T2DM group making a total of 761 cases with BMI data in the entire population
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