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Strength of Genetic Associations with Thyrotropin Values
Differs Between Populations with Similarity to African
and European Reference Populations
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Background: Epidemiological data suggest the population distribution of thyrotropin (TSH) values is shifted
toward lower values in self-identified Black non-Hispanic individuals compared with self-identified White non-
Hispanic individuals. It is unknown whether genetic differences between individuals with genetic similarities to
African reference populations (GSA) and those with similarities to European reference populations (GSE) con-
tribute to these observed differences. We aimed to compare genome-wide associations with TSH and putative
causal TSH-associated variants between GSA and GSE groups.

Methods: We performed genome-wide association studies (GWAS) in 9827 GSA individuals and 9827 GSE
individuals with TSH values between 0.45 and 4.5 mU/L. We compared effect sizes and allele frequencies of pre-
viously reported putative causal TSH-associated variants and our power to detect associations with these variants
between the two groups. We additionally focused on variants in PDESB and PDEI0A, loci that have been most
strongly associated with TSH in previous GWAS in GSE populations.

Results: Four loci attained genome-wide significance in the GSA group compared with seven in the GSE group.
PDESB was not significantly associated with TSH in the GSA group, despite its strong association in the GSE
group. Eight putative causal variants had significantly different effect sizes between groups. There was >80%
power in the GSA group to detect significant associations with variants in PDESB, PDEIOA, NFIA, and
LOC105377480, with higher expected power than in the GSE group for variants in PDESB, NFIA, and
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LOC105377480 and similar power for other variants in PDESB and PDE10A. No additional putative causal var-
iants in PDESB and PDEI0A had effect sizes that differed significantly between the groups; power to identify
associations with additional putative causal variants in PDESB and PDE10A was similar between the groups.
Conclusions: Patterns of genetic associations with TSH differed between identically sized GSA and GSE
groups. Failure to replicate the strongest associations previously reported in GSE individuals in our GSA
population was not fully explained by differences in allele frequencies or power, assuming similar effect sizes.
Larger GSA population GWAS are necessary to confirm our findings and further investigate the contribution of
genetic factors to population differences in the distribution of TSH values.

Keywords: thyrotropin, population ancestry, genome-wide association study

Introduction

hyroid dysfunction is common, occurring in approxi-

mately 10% of the general population. It is primarily
diagnosed when thyrotropin (TSH) is outside of a reference
range based on the 2.5th and 97.5th percentiles of TSH dis-
tribution in a population without thyroid disease or factors
likely to affect thyroid function. Epidemiological data from
the National Health and Nutrition Examination Survey
(NHANES) suggest that there is a shift in the distribution of
TSH toward lower values in self-identified Black, non-
Hispanic individuals compared with self-identified White,
non-Hispanic individuals (0.35-3.63 vs. 0.49-4.18 mU/L).
The clinical significance of this distribution shift is not
known, but it may impact rates of diagnosis of thyroid
dysfunction.!

The observed differences in TSH distribution in NHANES
in individuals of different self-identified racial and ethnic
groups were not explained by environmental factors such as
geographic location, socioeconomic status, or urbanicity. Up
to 65% of the TSH variation between individuals is herit-
able,? raising the possibility that the genetic factors that
influence TSH values may differ between individuals that
share genetic similarity with African reference populations
(GSA) and those that share similarity with European refer-
ence populations (GSE). To date, investigations of genetic
associations with TSH have been conducted almost exclu-
sively in GSE individuals,>® except for a single study that
included 351 GSA individuals.” Studies in GSE individuals
have identified strong and consistent associations with
PDESB and PDEI0A, which encode proteins that hydrolyze
cyclic adenosine 3’,5"-monophosphate (cAMP), the intracel-
lular second messenger of TSH, but none of the 87 sugges-
tive variants identified in the 351 GSA individuals were in
PDESB or PDEI0OA. Two variants in PDESB, two upstream
of IGFBP5 and one in ABO, which were significantly associ-
ated in the GSE group in that study, generalized in the GSA
group (defined as consistent direction and magnitude of
effect with a p value < 0.05), but over 80% of the associa-
tions in the GSE group did not generalize. Of all the associ-
ated variants in GSE populations reported in the literature
prior to that association study, 25% generalized to the GSA
group, including one variant in PDESB. The GSA sample
size in that study was too small to identify genome-wide
associations with TSH and it therefore remains unknown
whether genetic variants associated with TSH values, and
their effect sizes, differ between GSA and GSE populations.

We used novel data from South African community and
United States biobank GSA populations to test our hypothe-
sis that the population shift in the distribution of TSH values
may be explained, at least in part, by differences in its
genetic determinants. We compared genome-wide associa-
tions with TSH values between GSA and GSE individuals
and investigated whether observed differences in associa-
tions were explained by differences in effect size, allele fre-
quency, or statistical power.

Materials and Methods
Study settings and participants

Study participants were selected from three cohorts: a
self-identified Black South African population from the
Africa Wits-INDEPTH partnership for Genomic Studies
(AWI-Gen),? the Penn Medicine BioBank at the University
of Pennsylvania (PMBB),’ and BioVU, the biorepository at
Vanderbilt University.!® Characteristics of the included
cohorts are shown in Supplementary Table S1.

AWI-Gen participants

The AWI-Gen study has been previously described.® In
summary, individuals 240 years and permanently resident in
the Agincourt Health and socio-Demographic Surveillance
System in Mpumalanga province, South Africa!! were ran-
domly selected to participate in Health and Aging in Africa:
A Longitudinal Study in an INDEPTH community
(HAALSI),'? with 5059 of the 6281 eligible individuals
enrolling in the study cohort. A subset of 2486 individuals
subsequently enrolled in the AWI-Gen study, which
recruited participants from six sites across sub-Saharan
Africa. Samples from 1498 of the individuals enrolled at the
Agincourt site were randomly selected for TSH testing.
Study recruitment took place between November 2014 and
August 2016.

PMBB and BioVU participants

Biobank participants were eligible for inclusion in this
study if they were =218 years old and had =1 TSH assay per-
formed as an outpatient. Individuals were excluded if Inter-
national Classification of Disease (ICD) codes in their
electronic health records (EHRs) indicated pituitary dysfunc-
tion, hypothyroidism, hyperthyroidism, or thyroid cancer or
if they were listed in their EHRs as taking medications that
might affect TSH. TSH measurements recorded after the first
evidence of pregnancy were removed for participants with a
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history of pregnancy-related ICD codes. Individuals were
also excluded if they were having protocol-driven monthly
TSH measurements or if they had >20 TSH measurements
during the study period. PMBB participants were eligible if
they had TSH results available between November 1998 and
July 2022, while BioVU participants were eligible if they
had TSH results available between February 1995 and
December 2021. However, dates are shifted in both biobanks
to protect participant privacy.

The general population in the United States'? and the
AWI-Gen study population are iodine-sufficient.'*

Data and sample collection

AWI-Gen participants self-reported sociodemographic data
using a tablet-based questionnaire. Venous blood for TSH
was collected in clot activator tubes after an overnight fast
and centrifuged after collection. Supernatant serum was stored
at —80°C until analysis. Samples collected in ethylenediami-
netetraacetic acid (EDTA tubes) were centrifuged at 1500—
2000 g for 15 minutes at room temperature and the buffy coat
collected and DNA extracted for the genetic studies. For
PMBB and BioVU participants, self-reported sociodemo-
graphic data and TSH values were extracted from the EHR.
DNA extraction and analysis for biobank participants have
been previously described.”!?

Biochemical analysis

Serum samples from AWI-Gen participants were analyzed
for TSH using a solid phase, chemiluminescent immunomet-
ric assay with a limit of detection of 0.01 mU/L and coeffi-
cient of variation of 4.8-5.8% (Immulite platform, Siemens
Healthcare, Gwynedd, UK). Serum samples from PMBB
and BioVU participants, which were collected as part of rou-
tine clinical care, were autoanalyzed for TSH using standard
clinical third-generation TSH assays.

Trait definition

For biobank participants with >1 measurement in the
study period, mean TSH was calculated to obtain a single
TSH value. Participants were included if their TSH fell
within a reference range of 0.45—4.5 mU/L.!

Genotyping

DNA for AWI-Gen participants was genotyped using the
H3Africa Custom Genotyping Array on the Illumina plat-
form, which is enriched for common variants in sub-Saharan
African populations with 2.267 million single-nucleotide
variants (SNVs).!¢ Pre- and post-imputation quality control
have been described.!” In brief, prior to imputation, dupli-
cate, nonautosomal, and mitochondrial SNVs were removed
as were SNVs with a genotype missing rate >0.05, minor
allele frequency <0.01, and Hardy—Weinberg equilibrium
(HWE) p-value < 0.0001, and SNVs that did not match
GRCh37 reference alleles. Individuals whose biological and
reported sex differed or who had a genotype missing rate
>0.02 were also removed. Lastly, where potential duplica-
tion was suggested by a PIHAT >0.8, one of the pair was
removed. One hundred and fifty-nine first degree relatives
were also removed from the dataset. The cleaned dataset was
then prephased with EAGLE2,'® and the Sanger Imputation

Server was used for imputation with the default Positional
Burrows-Wheeler transform algorithm and the African
Genomic Resource!® used as the reference panel. After impu-
tation, SNVs with an IMPUTE2 value <0.6, minor allele fre-
quency <0.01, and HWE p-value < 0.00001 were removed
from the final dataset, which had 13,980,000 SNVs.

Genotyping in PMBB participants has also been described.’
Briefly, samples were genotyped on an Illumina Global
Screening Array v.2.0 (GSAv2) by the Regeneron Genomics
Centre, using a chip with a backbone of 654,027 genetic
markers and additional ancestry informative markers. Geno-
type imputation was performed for all autosomes on the
TOPMed Imputation Server?® with TOPMed version R2 on a
GRCh38 reference panel. Biallelic variant and sex checks
were performed after imputation and palindromic variants
were removed as were SNVs with a genotype call rate <0.99
and samples with a sample call rate <0.9. SNVs with an impu-
tation score <0.7, minor allele frequency <0.01, and HWE
p-value < 1 x 10~ were also removed. The final PMBB GSA
dataset had 28,257,979 SNVs and the final GSE dataset had
15,597,588 SN'Vs.

Genotyping in BioVU participants was performed on the
IMlumina Multi-Ethnic  Genotyping Array (MEGA®X)2!
Imputation was performed using the Michigan Imputation
Server?® using the Haplotype Reference Consortium refer-
ence panel, and related individuals were removed using an
identity by descent proportion filter of 0.2. For the genome-
wide association study (GWAS), SNVs with minor allele
frequency <0.01 and HWE p-value < 1 x 107" were
removed. The final BioVU GSA dataset had 3,498,330
SNVs and the final GSE dataset had 4,735,516 SNVs.

Confirmation of population genetic similarities

AWI-Gen participants were ethnically homogeneous, with
85% of residents of the geographic area self-identifying as
part of the Tsonga (Shangaan) ethnolinguistic group,??
which was supported by genetic studies.?* Principal compo-
nents clustering was used to identify genetic similarities to
reference populations from the 1000 Genomes Project?* in
PMBB? and BioVU?! participants, with further analyses lim-
ited to GSA and GSE groups. Datasets were projected into
the same principal components analysis space to confirm
within-group similarities and between-group distinctions.

Statistical analyses

Mann—Whitney U tests were used to compare age and
TSH distributions between GSA and GSE groups and a two-
sided Z-test for proportions was used to compare sex
between these groups. GWASs were performed in GSA and
GSE individuals separately in each of the cohorts, and the
effect sizes were then meta-analyzed using a fixed effects
model to generate population group-specific effect sizes. We
chose a fixed effects model as we were meta—analyzin%
within the same genetically inferred ancestry group. The 7
statistic was calculated from Cochran’s Q test to assess het-
erogeneity. We used linear regression to evaluate associa-
tions with each variant, with the dependent variable being
inverse-normalized TSH,? the independent variable being
the dosage of the minor allele, and covariates of age” and
sex, with additional covariates of principal components 1—
6 in the AWI-Gen study, ancestry-specific principal com-
ponents 1-4 in PMBB, principal components 1-4 in the
BioVU GSE group, and principal components 1-2 in the
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BioVU GSA group. The number of principal components
chosen was based on visual inspection of scree plots, with
principal components to the left of the point of maximum
curvature of the plot included, as these components are
likely to significantly contribute to the observed variance.
Individuals from the GSE population were sampled to equal
the size of the GSA population, with GSE individuals from
BioVU randomly sampled to equal the number of GSA indi-
viduals from BioVU and GSE individuals randomly sampled
from PMBB to equal the total number of individuals in the
PMBB and AWI-Gen GSA populations. GSE individuals
were sampled using the DataFrame.sample() function in the
pandas Python package. The level of statistical significance
was set to <5 x 107° (the standard genome-wide significance
level to correct for multiple testing).

We then used a candidate variant approach to further
investigate potential genetic contributions to the observed
phenotypic shift. We applied Z-tests to compare the effect
sizes of 259 previously reported putative causal variants® on
TSH values between the GSE and GSA populations. The >
statistic was calculated from Cochran’s Q test to assess heter-
ogeneity between the effect sizes of these putative causal var-
iants in our two groups. As difference in allele frequency can
result in differential statistical power and therefore differen-
tial strength of association between GSE and GSA groups,
we conducted a power analysis to evaluate the likelihood of a
variant reaching genome-wide significance in our GSE and
GSA groups. We considered the actual sample sizes and
allele frequencies and assumed that the effect sizes previously
reported in GSE populations were the true effects and focused
on 13 of the previously reported putative causal variants that
attained genome-wide significance (p < 5 x 10 in at least
one of our groups.

As PDESB and PDEIOA are the genes most strongly
associated with TSH values in GSE populations in pub-
lished studies, we generated LocusZoom plots to visualize
associations with the lead SNVs in each of these genes in
each population group. We also compared effect sizes and
power to detect associations with putative causal variants
in these two genes, regardless of significance levels.

Sensitivity analyses

We drew 1000 random unmatched sets of individuals from
the PMBB GSE population, which were each the same size as
the combined GSA population from PMBB and AWI-Gen,
and in a second analysis, drew 1000 random sets of individuals
from the PMBB GSE population, which were matched for age
and sex with our combined GSA population from PMBB and
AWI-Gen and each the same size as the combined GSA popu-
lation. We plotted the distributions of association effect sizes
and p-values in the unmatched and matched sets for the var-
iants which were significantly different between the GSE and
GSA populations in our main analysis.

Descriptive analyses were conducted using STATA v17.0
(StataCorp, Texas, USA). PLINK 1.9 software®® was used
for quality control and to perform the meta-analyses and cal-
culate Cochran’s Q tests. PLINK 2.0 was used for the
individual-level data GWAS.

Results

Our sample included 9827 GSA individuals (63.9%
women) and 9827 GSE individuals (48.5% women), with

TABLE 1. CHARACTERISTICS OF STUDY SAMPLE

Overall

AWI-Gen

BioVU

PMBB

GSA GSE GSA GSA GSE p-value
2,895

GSE

GSA

2,895 1,319 9,827 9,827
59.6 48.5 <0.001
50.9 (37.1-63.1) 56.1 (41.1-66.8)

6,932

5,613

Sample size
Women (%)

<0.001
<0.001

1.80 (1.30-2.43)

51 (37.6-61.9)
1.35 (0.96-1.89)

58 (51-68)
1.32 (0.92-1.86)

1.59 (1.14-2.13)

42.1 (28.8-54.4)
1.24 (0.89-1.74)

58.1 (43.4-67.8)
1.89 (1.38-2.55)

52.4 (39.6-62.7)
1.41 (1.01-1.98)

Median TSH (mU/L)

Median age (years)

WADE ET AL.

AWI-Gen, Africa Wits-INDEPTH partnership for Genomic Studies; BioVU, Vanderbilt University biobank; GSA, genetic similarity to an African reference population; GSE, genetic similar-

Age and TSH are presented as median (first quartile—third quartile). p-Values are for overall GSA versus GSE.
ity to a European reference population; PMBB, Penn Medicine Biobank; TSH, thyrotropin.
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FIG. 1. (a). Median TSH by age. GSA, population with genetic similarity to an African reference population; GSE,
population with genetic similarity to European reference population; TSH, thyrotropin. (b). Principal components pro-
jection of the study datasets. Symbols indicate the centroids for each cluster. AWI-Gen, Africa Wits-INDEPTH partner-
ship for Genomic Studies; BioVU, Vanderbilt University biobank; GSA, population with genetic similarity to African
reference population; GSE, population with genetic similarity to European reference population; PC, principal compo-
nent; PMBB, Penn Medicine Biobank.

median ages of 51 and 56.1 years, respectively (Table 1). (p < 0.001) (Table 1). The PMBB GSE population was
Median TSH in the GSA group was 1.35 mU/L (first quartile ~ older than the BioVU GSE population, which may explain
[Q1]—third quartile [Q3] 0.96-1.89 mU/L) compared with why its TSH distribution was higher, with TSH increasing
1.80 mU/L (Q1-Q3 1.30-2.43 mU/L) in the GSE group with age in women and men in GSA and GSE populations
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FIG. 2. Comparison of meta-analyzed GWAS of TSH between GSA (a) and identically sized GSE populations
(b). The orange lines show the threshold for genome-wide significance. Known loci are annotated if they are
at least suggestively significant (p < 1 x 107°). No genome-wide significant unreported loci were found. CHR,
chromosome; GSA, population with genetic similarity to an African reference population; GSE, population with
genetic similarity to European reference population; GWAS, genome-wide association study; POS, position; TSH,
thyrotropin.
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FIG. 3. Comparison of effect sizes of previously reported putative causal TSH variants between GSA and identically
sized GSE populations. Previously reported putative causal variants and beta values were derived from Sterenborg
et al.% and are displayed if there was no overlap between the confidence intervals in GSA and identically sized GSE popu-
lations. Variants are annotated with the Z-statistic for the difference in effect size between populations and between popu-
lation heterogeneity. Confidence intervals are annotated with p-values. GSA, population with genetic similarity to an
African reference population; GSE, population with genetic similarity to European reference population; TSH, thyrotropin.

(Fig. 1a). There was minimal overlap in ancestry between the
GSA and GSE populations, with similar inferred ancestry in
the three GSA populations and the two GSE populations
(Fig. 1b).

Loci associated with TSH values at genome-wide signifi-
cance (p-value < 5 x 10°%) differed between the GSA and
GSE groups (Fig. 2). In the GSA group, four loci (NHEJI,
NR3C2, PDEIOA, and MAFTRR) attained genome-wide sig-
nificance, in contrast to the identically sized GSE group,
where seven loci (CAPZB, PDESB, VEGFA, PDEIOA,
PTCSC2, ITPKI, and INSR) were detected at the same sig-
nificance threshold. Notably, PDESB, one of the loci most
strongly associated with TSH values in the GSE group
(p-value = 5.51 x 1072°), did not reach the genome-wide sig-
nificance threshold in the GSA group (p-value = 3.30 x
1077). No novel associations were identified in either group.
Heterogeneity was low in the meta-analyses of the SNVs
that were significantly associated with TSH in the GSA
group, while there was relatively high heterogeneity in the
GSE meta-analyses of associations of TSH with CAPZB (I*
73.4) and PDEIOA (I* 64.9) (Fig. 2).

Eight of the previously reported 259 putative causal var-
iants had effect sizes that were estimated to be significantly
different between the GSA and GSE groups, with a Z-statis-
tic >2.5 standard deviations from zero for the difference in
effect size (Fig. 3). For all eight variants, the previously
reported effect size was within or very close to the

confidence interval that we estimated in the GSE population.
The I statistic for each of these variants was >80%, indicat-
ing high heterogeneity between populations. One of these
variants, rs3008034 in PDEIOA, was strongly associated
with TSH values in the GSE group (p-value = 2.04 x 1072%)
but did not reach the genome-wide significance threshold in
the GSA group (p-value = 4.22 x 1077). In contrast, for the
NHEJ] variant (rs7589228), the association was stronger in
the GSA group (p-value = 4.43 x 107° in GSA vs. p-value =
3.05 x 107" in GSE). In sensitivity analyses, effect sizes and
significance levels for these eight variants in unmatched and
age- and sex-matched PMBB GSE populations were similar
to those in our main analysis (Supplementary Fig. S1).
Twelve previously reported putative causal variants were
genome-wide significant in at least one meta-analysis. Com-
paring the estimated power between GSE and GSA groups,
for most variants, the group with higher estimated power
indeed had smaller p-values, except for rs1479559 in
PDES8B, 1737308 in IGFBPS, and rs73575083 in MAFTRR
(Fig. 4). For the GSE group, we estimated >80% power to
detect significant associations for five variants, four of which
(rs1479559 and rs9687206 in PDESB, rs1317983 in VEGFA,
and rs3008034 in PDEI0A) attained genome-wide significance
and one of which (rs6847675 in LOCI105377480) was just
below the significance threshold. In contrast, among the
five variants that we expected to have at least 80% power in
the GSA group, only two variants, 1s334699 in NFIA
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FIG. 4. Comparison of power to detect associations between TSH and previously reported putative causal variants in
GSA and identically sized GSE populations. Data points are annotated with minor allele frequency and p-value.
Previously reported putative causal variants and assumed effect size derived from Sterenborg et al.® and included if
they were genome-wide significant (p < 5 x 107®) in at least one of the meta-analyses. Arrows indicate which meta-
analysis yielded a more significant association relative to the other. GSA, population with genetic similarity to an
African reference population; GSE, population with genetic similarity to European reference population; TSH,
thyrotropin.
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and 156847675 in LOC105377480, reached genome-wide sig-
nificance, with three additional ones close to but below the
threshold (p-value < 5 x 107®). Among these five variants,
the power was expected to be higher in the GSA group than in
the GSE group for variants in PDESB (rs1479559), NFIA
(rs334699), and LOCI05377480 (1s6847675) and similar
between the two groups for variants in PDESB (rs9687206)
and PDEI0OA (rs3008034) (Fig. 4). On the contrary, two var-
iants, rs7589228 in NHEJI and rs925489 in PTCSC2, were
significantly associated with TSH values in the GSA group
despite estimated power of <20%.

Detailed analysis of associations with PDESB and
PDEIOA revealed that in the GSE group, the lead SNV in
PDESB was in strong linkage disequilibrium with several
other SNVs (Fig. 5, panel c), in contrast to the GSA group,
where the lead SNV was in strong linkage disequilibrium
with one other SNV (Fig. 5, panel a). In both the GSE and
GSA groups, multiple variants were in strong linkage dise-
quilibrium with the lead SNV in PDEIOA (Fig. 5, panels d
and b). Beyond variant rs3008034 in PDEIOA mentioned
above, there were no additional previously reported putative
causal variants in PDESB or PDEI0A with significantly dif-
ferent effect sizes between the two groups (Fig. 6a). Power
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to identify associations with additional, previously reported
putative causal variants in PDESB and PDEIOA was similar
between our two groups, because of the similar allele fre-
quencies between GSA and GSE groups for most variants
(Fig. 6b).

Discussion

We found that patterns of genetic associations with TSH
values differed between GSA and GSE populations. Several
known associations, including strong associations with
PDESB, were replicated in the GSE group, but not in the
GSA group, although associations with PDESB in the GSA
group were just below genome-wide significance. We
observed unexpected associations and did not identify
expected associations, given our power analysis that
assumed previous effect size estimates were true for both
populations. For example, our failure to detect an association
with rs3008034 in PDEIOA in our GSA group despite suffi-
cient power contrasted with our ability to detect an associa-
tion with rs7589228 in NHEJI despite low power. These
unexpected results are not attributable to differences in sam-
ple size, as our GSE and GSA populations were identically
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FIG. 5. LocusZoom plots for PDESB in GSA (a) and GSE populations (¢) and PDEI0A in GSA (b) and GSE popula-
tions (d). Purple diamond indicates the single-nucleotide variant at the locus with the strongest evidence for association
with thyrotropin and R” indicates the degree of linkage disequilibrium. GSA- population with genetic similarity to
African reference population; GSE- population with genetic similarity to European reference population.



Downloaded by University of Witwatersrand from www.liebertpub.com at 08/11/25. For personal use only.

GENETIC ASSOCIATIONS WITH TSH DIFFER BY ANCESTRY 139

a) LEGEND b) Meta-Analysis Significance
" Previously A GSA A More Sig.
Reported Beta A Matched GSE ¥ Lesssig.
/2 = 4587 3.97E-08 3.55E-07 * GsA 0.362
51479559 T 7 ") 359 ¢ Matched GSE rs1479559:0.13 - ¥3sceo7 -PDESB
? = 0.00 530E:0]  2.00E-01 -
rs77776764:A ‘\zwl e~ S77776764:0.11- 5 ooiih Y2308 o -PDESB
e 9.97E-17 6.67E-08 e :
rs9687206:A Tzn;[':afya rs9687206:0.14 - sose w28 o PpEsB
2 =14.39 1.46E-01 407E-01
151486049834 (710700 rs148604983:0.08 - -PDE8B*
7 =53.97 3.06E-03 8.95E-01 ’
1s149384577:C |z, T 4z rs149384577:0.08 - 5 pop ¢ - PDESB*
o
] 22034 4.04E-02 6.21E-01
T rs56111230:A 1z ) 190 H * ! § rs56111230:0.10- - PDE8B*
g P 2.35€-0) 1.65E-01 5
£ rs7761766:A |z, - 0216 A rs7761766:0.03 - - PDE10A
& P o 8.726-01 1.74E-01 & s | fane
2 rs75474536:A o He i ! 1575474536:0.11 - 575001 K1 99601 - PDE10A*
a 2.25E-00 4.25E-02 -
rs59148743T {7 0% 67 r559148743:0.04 - 5,02 AL -PDE10A
7 =01.64 422607 2.04E-22
rs3008034:T o e rs3008034:0.12 - -PDE10A
Pd217 4.90E-01 3.55€-01
rs146760552:T - F70 0y rs146760552:0.08 < 5 -PDE10A*
2 = 0.00 5.61E-01 4.41E-0]
1512199716:A 500 633 1512199716:0.11 4 43¢ - PDE10A*
= 67.46 1.296-01 3.47E-01 R
1 rs375911171:0.08 - 347,

rs37591117LT 50 P s N R

? =19.79 6.67E-02 345E-01

rs9347086:T \Zon = 1117

-0.8 -06 -04 -0.2 0.0 0.2 0.4 0.6 0.8
BETA

FIG. 6.

- PDE10A*

159347086:0.02 - 3 45r 01 Ko o7e -PDE10A

0.0 0.2 04 0.6 0.8 10
Power

(a) Comparison of effect sizes of previously reported putative causal TSH variants in PDESB and PDEI0A

regions in GSA and identically sized GSE populations and (b) comparison of power to detect associations between
TSH and previously reported putative causal variants in PDES8B and PDEIOA regions in GSA and identically sized
GSE populations. Variants in (a) are annotated with the Z-statistic for the difference in effect size between populations
and between population heterogeneity. Confidence intervals are annotated with p-values. Data points in (b) are anno-
tated with minor allele frequencies and p-values. Arrows in (b) indicate which meta-analysis yielded a more significant
association relative to the other. Previously reported putative causal variants and beta values derived from Sterenborg
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sized. Rather, coupled with the significantly different estimated
effect sizes for these variants between the two groups, they sug-
gest true effect size differences between population groups due
to differences in gene—gene or gene—environment interactions.

There is statistical evidence from population studies for
the effects of PDESB variants on TSH levels in humans. In a
Sardinian population, each additional copy of the minor A
allele of rs4704397 in PDESB was associated with a TSH
increase of 0.13 mU/L.?” Higher TSH concentrations may be
required to maintain the same intracellular effect in GSE
individuals with PDESB or PDEIOA variants that increase
hydrolysis of cAMP. Differences in associations with var-
iants in these genes between GSA and GSE populations
therefore present a plausible explanation for the higher TSH
concentrations in GSE populations.

Our study has several strengths. We report for the first
time, to our knowledge, loci attaining genome-wide signifi-
cance in association studies with TSH values in a GSA popu-
lation, while confirming that the distribution of TSH differs
from a GSE population. Our sample size was substantially
larger than the previous study of genetic associations with
TSH in GSA individuals, which included only 351 partici-
pants.” We included GSA individuals from sub-Saharan
Africa and two different regions in the United States, attenu-
ating environmental factors or gene—environment interac-
tions which might affect our TSH phenotype.

Our study has several limitations. Our major limitation
was the lack of statistical power, although associations with
PDESB in GSE populations were identified in early GWAS
with sample sizes of fewer than 5000 individuals.?’” We
should have been adequately powered to detect these

associations in our GSA population if the effect sizes were
similar. Our GSA population included both continental Afri-
cans from southern Africa and admixed individuals from the
United States, who are more likely to have west African ances-
try. Given the significant genetic variation within Africa,?®
associations with TSH may differ within genetic subpopula-
tions. Thyroid status and use of medications that might affect
TSH were not assessed in the AWI-Gen cohort. However, in
this rural South Affrican population, use of prescription medi-
cation for thyroid dysfunction is uncommon (personal commu-
nication; C. Kabudula, November 26, 2024). The immunoassay
platforms used for the TSH results documented in PMBB and
BioVU have changed over time. This could have increased vari-
ability in TSH estimates, but this would have been irrespective
of ancestry. Inclusion of age and sex as covariates in our linear
regression analyses assumes that their effects were linear, which
may not have been the case.

Our study highlights the importance of including popula-
tions of diverse genetic and environmental backgrounds in
studies of physiological traits. GWAS in larger GSA popula-
tions, especially those from continental Africa, are needed to
confirm our findings of differential associations with TSH
values when compared with GSE populations and to identify
additional associations, which may not have been evident in
our study due to small effect sizes. These studies will assist
in understanding the contribution of genetic factors to differ-
ences in the distribution of TSH values across populations.
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and Contribution Statements

PMBB Leadership Team

Daniel J. Rader, MD, and M.D.R, PhD.

Contribution: All authors contributed to securing funding,
study design, and oversight.

Patient Recruitment and Regulatory Oversight

JoEllen Weaver, Nawar Naseer, PhD, MPH, Giorgio
Sirugo, MD, PhD, Afiya Poindexter, Yi-An Ko, PhD, and
Kyle P. Nerz.

Contributions: J.E.W. manages patient recruitment and
regulatory oversight of study. N.N. manages participant
engagement, assists with regulatory oversight, and
researcher access. G.S. assists with researcher access.
A.P., Y.-A.K., and K.P.N. perform recruitment and enroll-
ment of study participants.

Lab Operations

JoEllen Weaver, Meghan Livingstone, Fred Vadivieso,
Stephanie DerOhannessian, Teo Tran, Julia Stephanowski,
Salma Santos, Ned Haubein, PhD, and Joseph Dunn.

Contribution: J.JEW., M.L., F.V., and S.D.O. conduct
oversight of lab operations. M.L., F.V., AK., S.D.O., T.T.,
J.S., and S.S. perform sample processing. N.H. and J.D. are
responsible for sample tracking and the laboratory informa-
tion management system.

Clinical Informatics
Anurag Verma, PhD, Colleen Morse Kripke, MS, DPT, MSA,
Marjorie Risman, MS, Renae Judy, BS, and Colin Wollack, MS.
Contribution: All authors contributed to the development
and validation of clinical phenotypes used to identify study
subjects and (when applicable) controls.

Genome Informatics

Anurag Verma, PhD, Shefali S. Verma, PhD, Scott
Damrauer, MD, Yuki Bradford, MS, Scott Dudek, MS, and
Theodore Drivas, MD, PhD.

Contribution: A.V., S.S.V., and S.D. are responsible for
the analysis, design, and infrastructure needed to quality
control genotype and exome data. Y.B. performs the analy-
sis. T.D. and A.V. provide variant and gene annotations and
their functional interpretation of variants.



