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between interleukin-6 receptor
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The Phenome-Wide Association Study (PheWAS) is increasingly used to broadly screen for potential
treatment effects, e.g., IL6R variant as a proxy for IL6R antagonists. This approach offers an
opportunity to address the limited power in clinical trials to study differential treatment effects across
patient subgroups. However, limited methods exist to efficiently test for differences across subgroups
in the thousands of multiple comparisons generated as part of a PheWAS. In this study, we developed
an approach that maximizes the power to test for heterogeneous genotype-phenotype associations
and applied this approach to an IL6R PheWAS among individuals of African (AFR) and European (EUR)
ancestries. We identified 29 traits with differences in IL6R variant-phenotype associations, including

a lower risk of type 2 diabetes in AFR (OR 0.96) vs EUR (OR 1.0, p-value for heterogeneity =8.5x1073),
and higher white blood cell count (p-value for heterogeneity = 8.5 x 10723). These data suggest a

more salutary effect of IL6R blockade for T2D among individuals of AFR vs EUR ancestry and provide
data to inform ongoing clinical trials targeting IL6 for an expanding number of conditions. Moreover,
the method to test for heterogeneity of associations can be applied broadly to other large-scale
genotype—-phenotype screens in diverse populations.

Large-scale biobanks linked to electronic health records (EHR) offer a promising approach to screen for potential
treatment effects' In some cases, genetic variants are linked with altered protein expression resulting in an effect
similar to a treatment®. One example is a missense variant in IL6R Asp(258)Ala, known to reduce membrane-
bound IL6R expression and thus dampen IL-6 signaling®. The targeted therapies, tocilizumab and sarilumab,
block the IL6R pathway. In a phenotypic screen performed in a Phenome-Wide Association Study (PheWAS),
subjects carrying the Asp(258)Ala variant were found to have a phenotypic profile similar to those on drugs
that block IL-6R; subjects with the IL6R variant have higher hemoglobin and lower high sensitivity C-reactive
protein (CRP) compared to those without the variant™®. The PheWAS is a study design in which the association
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between single-nucleotide polymorphisms or other types of genomic variants are tested for association across a
broad range of phenotypes’. Thus, population-based biobanks may also provide an opportunity to query poten-
tial effects of treatments using genetic variants across a more diverse population than clinical trials. While large
amounts of data are now available, limited methods exist to efficiently test for potential heterogeneity across
subpopulations in large scale screens such as the PheWAS.

To expand upon the use of biobanks in generating evidence on treatment effects, the PheWAS is a promising
approach that can systematically test for associations between a functional genetic variant which mimics the
effect of a pharmaceutical agent with a wide spectrum of phenotypes™®’. Analyses may be stratified by genetic
population strata to study heterogenous genotype-phenotype associations which may inform differential treat-
ment effects across populations. Since a large number of hypotheses are being tested at the same time, correction
for multiple testing must be undertaken. Traditional methods of multiple testing require large sample sizes,
especially when detecting heterogeneity, or group effects from relatively weak signals such as genetic associations.
Prior studies have deployed a modified Benjamini-Hochberg procedure (BHq)!'*** on the high dimensional
heterogeneity or group effect test statistics for selective inference with false discovery rate (FDR) control. In the
presence of imbalanced sample sizes across the subgroups, the power of this strategy could be largely impacted
by the small sample sizes of the minority groups.

Recent work in adaptive multiple testing enables researchers to construct auxiliary statistics'* to increase the
power. In one approach, multiple testing of two-sample mean differences with a high dimensional sparse structure
used the overall mean statistics as auxiliary information to boost the power'>!®. In this study, we build upon a
new method for false discovery rate (FDR) controlled heterogeneity testing (hetFDR) under a more complicated
PheWAS setup with two imbalanced subgroups.

To demonstrate the utility of our proposed hetFDR approach in discovering heterogeneous signals that cor-
respond to potential differential treatment effects, we performed hetFDR on results from a PheWAS with the
interleukin-6 receptor (IL6R) single nucleotide polymorphism (SNP) (rs2228145, Asp(358)Ala). This variant was
selected for several reasons. First, it has been previously studied as a model for IL6R blockade!”'8. Second, the
functional impact of this variant, reduced IL6R expression has also been described*!® where subjects with this
variant have lower CRP, higher hemoglobin, and higher levels of soluble IL6R, changes also observed in subjects
who receive IL6R blockade!”**?!. As well, known therapies exist for control of inflammatory conditions such as
rheumatoid arthritis and giant cell vasculitis. More recently, IL-6 blockade has been used for the treatment of
hospitalized COVID-19 and with ongoing studies blocking the IL-6 pathway to reduce cardiovascular disease in
the general population. Clinical trials remain the gold standard for studying treatment effects but have known
limitations in generalizing results to a more diverse population.

The objective was to develop and apply an approach to systematically identify potential heterogeneous geno-
type-phenotype associations in African (AFR) compared to European (EUR) populations, the two largest ances-
tries in a diverse mega-biobank cohort, as part of an IL6R PheWAS. We hypothesize that this large-scale screen
will identify differential effects of the IL6R variant across phenotypes with implications for current and future
trials targeting the IL6 pathway. Findings were validated in two independent biobank cohorts.

Materials and methods

Study design

We performed an IL6R PheWAS in the Veterans Affairs Million Veteran Program (MVP) cohort with data up
to 09/30/2020. The VA MVP is a longitudinal, multi-institutional cohort study that collects clinical electronic
health record (EHR) data, namely inpatient and outpatient data combined with genomic data from participants
in approximately 50 Veterans Affairs facilities across the United States. Subjects were included in the MVP if
they were 18 years of age or older; had a valid mailing address (to ensure the possibility of follow-up); were
able to provide informed consent at the time of recruitment. All participants were required to provide written
informed consent upon recruitment. They were asked to (1) complete baseline and lifestyle questionnaires,
providing information such as self-reported race/ethnicity, dietary habits, and smoking/drinking status, as well
as (2) provide blood samples for genotyping and biomarker studies.

Statistical analysis
PheWAS analysis for each ancestry
The PheWAS analysis was performed using a standardized published approach??. Briefly, we fitted a logistic
regression for PheWAS analysis to test for association with phenotypes as defined by PheCodes and linear regres-
sion for the laboratory analysis. Since many of the laboratory measurements were highly skewed, we tested for
association of the IL6R variant with log-transformed laboratory values. All models were adjusted for patient
age, sex, length of EHR follow up, and health care utilization as measured by the log-total number of PheCodes.

Genetic ancestry was ascertained using previously published methods. Briefly, we trained a logistic regression
classification algorithm using self-reported race as silver standard labels and 127 ancestry informative SNPs*. The
cut-off of predicted probabilities for classification is chosen to guarantee sensitivity is above 0.975. We excluded
related MVP participants (halfway between second-degree and third-degree relatives or closer) as measured by
the Kinship-Based Inference for GWAS software (https://www.kingrelatedness.com/)**. We stratified all associa-
tion analyses of the IL6R variant, rs2228145 (minor allele C; Asp358Ala), with disease phenotypes and laboratory
test results by the predicted ancestry group. We focused the analyses on the two largest ancestry groups in MVP,
African (AFR) and European (EUR) ancestry.

Within each ancestry group, we performed PheWAS analyses including 1875 phenotypes as defined by
PheCodes® and 69 routine laboratory measurements curated in prior studies at the VA, which includes com-
plete blood count and lipid profiles. For each phenotype, a participant was defined as having the condition if they
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had at least 2 PheCodes, which is often recommended to attain a higher positive predictive value*. We excluded
PheCodes with a prevalence of 0.5% or less from the analysis and excluded integer level (parent) PheCodes for
which corresponding descendant PheCodes already existed, leaving a total of 660 remaining phenotypes. For
example, we excluded the integer PheCode 250 (Diabetes mellitus) but included the descendant PheCodes
such as 250.1 (Type 1 Diabetes) and 250.2 (Type 2 Diabetes). The screen was also performed on 69 adjudicated
laboratory measurements available at VA. Values were defined by the median of all available measurements for
each patient. A detailed list of the laboratory tests is in the Supplementary Materials Table S6. We first compared
associations between IL6R and PheCodes and separately for the curated laboratory values in AFR vs EUR. Sig-
nificant PheCodes/labs within each ancestry were determined with a false discovery rate (FDR) < 0.1 using the
Benjamini-Hochberg procedure (BHq)"*.

Heterogeneity testing with FDR control

Heterogeneity testing was conducted to identify phenotypes and laboratory values to detect a differential associa-
tion between IL6R and phenotype among AFR vs EUR ancestries. To adjust for multiple testing, we developed a
novel false discovery rate (FDR) controlled heterogeneity testing (hetFDR) procedure which leverages informa-
tion from both the mean effect and the magnitude of heterogeneity under a prior assumption that heterogeneous
effects are more likely to be present for phenotypes with non-zero mean effects across a large number of candidate
phenotypes. The hetFDR procedure is a three-step procedure. In Step (I), for each phenotype, we construct (i) an
overall mean effect test statistic as an inverse-variance weighted average effect estimate combining the regression
coeflicients (against the genetic variant of interest) from the two ancestry groups along with its associated p value;
as well as (ii) a chi-square test statistic ascertaining the heterogeneity between the effects as observed from the
regression coefficients of the two groups. The mean effect statistic and the heterogeneity statistic are designed to
be asymptotically independent so that the validity of tests is ensured when incorporating the mean effect statistics
to assist the heterogeneity testing. In Step (II), we use the mean effect statistics to weight the heterogeneity p
values, assigning higher prior probabilities of null hypothesis rejection to those phenotypes with more significant
mean effects, which corresponds to our prior assumption that phenotypes with non-zero mean effects are more
likely to show heterogeneity across the considered ancestry groups. The weighting function is decided adaptively
from the data through a regression-based approach. In the final Step (III), we adopt the multiple testing procedure
of?” on the weighted heterogeneity p-values for detection with FDR control.

Simulation results were conducted, and showed that under different settings of the sample sizes, the hetero-
geneous effect magnitude, and the number of heterogeneous effects, our proposed hetFDR method controls
FDR below 0.1 and shows substantial and consistent higher average power than the existing BHq'® and Storey’s
procedures®. For example, when the sample size of the minority group is 25% of the majority group and the
number of phenotypes with heterogeneous effects is 10 out of the totally 50 active ones, our method attains 0.4
higher power than the BHq and Storey’s procedures. Such power gain is also achieved in other settings of dif-
ferent numbers or magnitudes of heterogeneous signals. This is because our method leverages the mean effect
statistics as additional information and assigns a higher chance of rejection to the phenotypes with a non-zero
mean effect. In addition, the power improvement of our method is more significant in the setting with imbalanced
sample sizes between the two ancestry groups, compared to one with equal sample sizes. This is a consequence
of having more informative mean effect statistics when one group is larger than the other. A detailed descrip-
tion for the statistical method of heterogeneity multiple testing and the simulation studies are provided in the
Supplementary Materials: Statistical Methodology.

Replication of laboratory results using UK Biobank and MGB Biobank Data

Findings were replicated in UK Biobank (UKB) and the Mass General Brigham (MGB) Biobank®***. The UKB is
alongitudinal cohort study that prospectively recruits patients to determine the effects of lifestyle, environmen-
tal, and genomic factors on disease outcomes over time. The study population includes approximately 500,000
volunteers recruited from the United Kingdom’s general population from 2006 to 2010. Measurements of 61
laboratory biomarkers and blood cell counts were ascertained for all UKB participants as part of a standardized
baseline assessment. The MGB Biobank contains linked EHR, and genetic data anchored by two large tertiary
care hospitals: Brigham and Women’s Hospital and Massachusetts General Hospital in Boston. The MGB Biobank
data consist of 59,052 participants with both EHR data and genomic data available. Laboratory test results were
extracted for these patients.

To validate heterogeneous IL6R-phenotype associations in AFR vs EUR observed in MVP, we performed
analyses in UKB and MGB Biobank data. Due to the relatively smaller size of AFR in these cohorts, the analyses
focused on traits with continuous values, i.e., laboratory results.

This study obtained institutional review board approval through the Veterans Affairs MVP under Central
IRB #16-06 with title: Cardiovascular Disease Risk Factors, Prevalent Cardiovascular Disease, and Genetics
in the Million Veteran Program, and the Mass General Brigham Institutional Review Board. All experiments
were performed in accordance with relevant guidelines and regulations. All analyses were performed using R
software. The code for analyzing the data is available on GitHub, https://github.com/wx202/HeterTestIL6R . git.

Results

In the MVP cohort, a total of 545,147 Veterans were included in the analysis, of which 91.3% were male, with a
mean (SD) age of 62.1 (13.9) years and a mean (SD) follow-up time of 12.5 (5.7) years. Among these participants,
105,838 were classified as AFR and 439,309 were classified as EUR. In this study, we controlled for an FDR of
10%, which ensures that among the associations considered significant, at most 10% of the associations were false
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positives'. The frequency of the rs2228145 allele in MVP was 14% in AFR and 40% in EUR, in the UKB cohort
was 16% in AFR and 41% in EUR, and in the MGB cohort was 17% in AFR and 40% in EUR.

Overall, among phenotypes defined by PheCodes, we observed 10 with significant associations with IL6R
among Veterans of AFR ancestry compared to 34 among Veterans of EUR ancestry, none of which were signifi-
cant in both populations (Fig. 1). For laboratory measurements, we observed 30 measurements with significant
associations with IL6R among Veterans of AFR ancestry compared to 28 among Veterans of EUR ancestry
(Fig. 2). IL6R was significantly associated with 18 labs across both ancestries. As a positive control, based on prior
knowledge of both the variant and the biologic function of blocking IL-6, we observed the expected association
between the variant with lower C-reactive protein (CRP) and higher hemoglobin levels**'* in both the EUR
and AFR populations (Table S1).

The strongest associations within AFR subjects were related to white blood cell count (WBC), specifically,
elevated WBC odds ratio (OR) 1.2, 95% confidence interval (CI), 1.1-1.3 (Fig. 1) by PheCode. The majority of
IL6R-phenotype associations within EUR subjects pertained to vascular and cardiac disease. The phenotypes
with the strongest association with IL6R were aortic aneurysm (AA) (OR 0.92; 95% CI, 0.90-0.94) as well as a
specific type of aortic aneurysm, abdominal aortic aneurysm (AAA) (OR, 0.89; 95% CI, 0.87-0.90), coronary
atherosclerosis and ischemic heart disease (CHD) (OR, 0.96; 95% CI, 0.95-0.97) (Fig. 1). The corresponding
associations in AFR were similar but not significant [(AA) OR=0.95 (0.87-1.03); (AAA) OR=0.89 (0.80-1.00);
(CHD) OR=0.99 (0.95-1.02)].

After applying the test for heterogeneity, we observed 11 PheCodes translating to 7 conditions with differential
association in AFR vs EUR: glaucoma, keratoconjunctivitis, periodontitis, type 2 diabetes, seborrheic dermatitis,
walking difficulties, white blood cell count elevation (Fig. 3 and Table S2). IL6R was associated with reduced
odds for glaucoma, keratoconjunctivitis, periodontitis, and type 2 diabetes among AFR with either no associa-
tion or increased odds in EUR. The IL6R variant was associated with higher odds of an elevated white blood cell
count in AFR (OR 1.21, 95% CI 1.12-1.30), and in line with this, a lower odds ratio for neutropenia in AFR (OR
0.80, 95% CI 0.72-0.89); these associations were not observed among EUR. IL6R was associated with seborrheic
dermatitis and difficulty walking with increased odds in AFR and reduced odds in EUR.

A comparison of laboratory values identified differences across 18 laboratory measurements (Fig. 4 and
Table S3). In line with the significant difference in ICD codes related to WBC, the largest difference was observed
in WBC whereby among individuals of AFR ancestry, each copy of the IL6R variant was associated with a higher
WBC compared to those who did not carry the variant; no association was observed between IL6R and WBC
among EUR. The higher value was observed across neutrophils, monocytes, eosinophils, and basophils, with
the difference was most pronounced in absolute neutrophil count; the IL6R variant was associated with higher
absolute values of neutrophils in AFR vs EUR. IL6R was also associated with higher triglyceride levels in AFR
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Figure 1. Phenotypes (phecodes) significantly associated with the IL6R variant in AFR or EUR (BH adjusted p
value<0.1).
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Figure 2. Laboratory measurements significantly associated with the IL6R variant in AFR or EUR (BH adjusted
p value<0.1).
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Figure 3. Odds ratios for phenotypes with significant differential associations in AFR vs EUR ancestries (BH
adjusted p value<0.1), see also Supplementary Table S2.
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Figure 4. Comparison of standardized coeflicients for associations between IL6R with laboratory values in AFR
vs EUR (BH adjusted p value<0.1), see also Supplementary Table S3.

compared to EUR. The variant was associated with lower hemoglobin alc (hbalc) in AFR with no significant
association observed in EUR, in line with a lower odds ratio of T2D observed in AFR.

Due to the limited cohort size of individuals of AFR ancestry in the UKB and MGB, validation was focused on
replicating laboratory values. The association and differences in WBC in AFR vs EUR remained the most signifi-
cant finding. IL6R was associated with higher WBC among individuals of AFR vs EUR in both cohorts (Tables S4
and S5). IL6R was also associated with higher triglycerides in AFR vs EUR across the replication cohorts.

To understand the potential implications of the differential associations between IL6R with white blood cell
phenotypes, we further tested the association between the variant and serious infection stratified by ancestry*>.
Overall, we observed an association between IL6R and a modest but significantly increased odds of serious
infection in AFR but not EUR [AFR OR 1.03, 95% CI 1.01-1.04 vs EUR with OR 1.01, 95% CI 1.00-1.01]. Due
to the small population size in UKB and MGB we did not have sufficient power to validate in these populations.

Discussion

This study provides a new roadmap for leveraging large biobanks to screen for differential associations between
genetic variants and phenotypes across a diverse population. These data in turn can be used to inform potential
differential effects of targeted therapies using an application designed to test for heterogeneity in large-scale
genotype—phenotype screens to complement or inform clinical trials where populations are smaller and more
homogeneous. We focused on a specific variant in IL6R with the known downstream effect of reducing IL-6
signaling with effects similar to existing therapies targeting IL-6R.

In this study using the most recent data from MVP, a biobank with the largest population of individuals of
AFR ancestry to date, we observed 29 traits with heterogeneous associations, including WBC and T2D. The
most significant heterogeneous signal observed was a lower odds ratio of neutropenia or higher WBC among
Veterans of AFR descent compared to EUR; in EUR no association was observed between IL6R and WBC. The
clinical significance of the association between IL6R and higher WBC, particularly neutrophil counts in AFR
and EUR ancestry is unclear. To provide context, in a large population-based epidemiologic study, WBC was
lower in Black compared White individuals®*. As WBC are involved in host defense, in the present study, we
tested the association between IL6R and serious infection and observed a modest but significant increased odds
for serious infection among individuals of AFR descent where no association was observed in EUR. We were
underpowered to validate these findings in UKB or MGB. In a review of the literature, we were unable to identify
clinical trials of therapies targeting IL6 stratifying outcomes or adverse events by self-reported race (as genetic
ancestry data are typically not available in trials). The majority of large observational studies for infection risk
and IL6R blockade stems from studies of tocilizumab, the first IL6R antagonist approved for use in the US for
RA. In these studies, risk of infection on tocilizumab is compared with another targeted therapy and overall,
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no difference has been observed®?*, however there were no data stratifying by self-reported race or ethnicity.
Proposed follow-up analyses of a published study stratifying by self-reported race were underpowered since
only a subgroup of their data had available information on race and ethnicity’>*. Based on findings from the
present study, we anticipate that in studies with adequately sized populations, we would anticipate higher WBC
among individuals of AFR ancestry on IL6R blockade, as well as a potential small increased odds for serious
infection compared to EUR. Future trials and studies on the IL6 pathway can consider collecting data on WBC
and neutrophil count, as well as stratifying infectious adverse events by self-reported race.

The heterogeneity test also identified an association between the IL6R variant with a reduced odds of T2D
among Veterans of AFR descent, while no association was observed in EUR. Likewise, hbalc which reflects an
average level of glucose over 2-3 months, was lower among individuals of AFR carrying the IL6R variant, while
no association was observed among EUR in MVP. A lower hbalc was also observed among AFR carrying the
IL6R variant compared to EUR in UKB. To our knowledge, glucose and hbalc levels were not reported in the
randomized controlled trials in rheumatoid arthritis or giant cell arteritis*’~*. However, the general association
between the IL6R variant and lower odds of T2D was observed in meta-analysis examining the potential role of
this pathway in the etiology of T2D***!. Additionally, higher serum IL6 levels are associated with higher levels
of hbalc, and increased risk of developing T2D in a large cohort study of women*"*2. In an observational cohort
study of RA patients with hbalc measurements before and after initiation of tocilizumab compared to a tumor
necrosis factor inhibitor, a larger reduction in hbalc was observed in the tocilizumab group®’. Thus, our study
corroborates these findings and further anticipates that individuals of AFR descent either with T2D or at risk of
T2D may derive more benefit from IL6R compared to individuals of EUR descent.

Notably, the strong associations observed between the IL6R variant and cardiovascular phenotypes, e.g. coro-
nary heart disease, aortic aneurysms, peripheral arterial disease observed in prior studies was confirmed in EUR
but not AFR*'”*, This difference in association between IL6R and cardiovascular phenotypes in AFR vs EUR did
not reach statistical difference with regards to heterogeneity. The hetFDR approach leverages information from
both the mean effect and the magnitude of heterogeneity to determine the significance of the differences based
on data from the entire population. Thus, in comparison to other phenotypes studied, the differential association
with CV phenotypes were not considered heterogeneous and we would not anticipate a significant difference in
the salutary effect of IL6R blockade for CV phenotypes in AFR vs EUR.

The hetFDR procedure applied in this study for multiple testing of heterogeneity fills an unmet need for
methods that allow us to screen high-throughput data efficiently, such as PheWAS for differences across diverse
patient populations. Compared with existing commonly used FDR control approaches such as BHq'"? and Storey’s
procedure?, our method is more powerful in detecting the phenotypes with heterogeneous effects. HetFDR takes
advantage of the fact that among all phenotypes, only a small fraction has non-zero effects and nearly all those
phenotypes with heterogeneous effect tend to have non-zero mean effects on the whole population, which can
be characterized more effectively compared to the heterogeneity due to the larger sample size. This property
was confirmed with our simulation results given in the Supplementary Materials. Specifically, we demonstrated
in a simulation study using a similar scale of data and variable types as our current biobank datasets, the het-
FDR achieved a satisfactory FDR control and a uniformly higher power compared to other existing methods.
Lastly, in our study we use IL6R as an example, however, multiple other genetic variant-drug pairs exist that can
benefit from further subgroup analysis. For example, studies on the proprotein convertase subtilisin/kexin type
9 (PCSK9) inhibitors identified an increased risk of type 2 diabetes, diastolic blood pressure, type 1 diabetes,
peptic ulcer disease, and depression®.

Finally, we note that the IL6R Asp358Ala allele is of particular interest because the biochemical profile of
subjects with this variant is similar to subjects receiving IL6R antagonist therapy. However, the precise mecha-
nism of action differs. The IL6R variant leads to reduced expression on membrane-bound IL6R while, the IL6R
antagonists tocilizumab and sarilumab block both soluble and membrane-bound IL6R. This highlights that
these methods and the use of PheWAS to investigate potential drug effects are meant to generate hypotheses.
Follow-up studies are needed to determine whether the potential heterogeneity is present among subjects actu-
ally on treatment.

Limitations
The population sizes for individuals of AFR ancestry were significantly lower in the UKB and MGB biobanks
compared to MVP (UKB, AFR: n=7,538; EUR: n=459,315; MGB, AFR: n=2922; EUR: n=49,883; MVP, AFR:
n=105,838; EUR: n=439,309). The smaller population resulted in limited power to replicate binary phenotypes,
e.g., phecodes. Another potential limitation or difference between UKB and MVP is that UKB primarily contains
inpatient codes and data from general medicine practices with less capture from other outpatient specialty prac-
tices in comparison to MVP and MGB. Importantly, this study did not include individuals of other ancestries.
This study focused on rs2228145, a relatively well-characterized loci and examined in prior studies as a
potential proxy for IL6 blockade*!”!®, However, the majority of studies on genetic risk were performed in indi-
viduals of EUR ancestry, thus raising concerns regarding whether differences could be due to issues such as LD
patterns. Given the limited existing data available regarding this locus in the AFR population, we believe this
locus remains the best candidate to test for heterogeneity for the following reasons. In an eQTL mapping study
in EUR and AFR populations, the top hit identified for IL6R was rs4846525. We identified that this SNP had
a D’ of 1.0 with rs2228145 in AFR and EUR populations. Additionally, the anticipated biologic associations,
lower CRP and higher hemoglobin was observed in AFR, thus confirming the known and expected downstream
functional effects in both the AFR and EUR populations.
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Conclusion

In summary, we leveraged 3 large population-based biobanks and applied a novel approach to test for heterogene-
ity identifying differential associations of the IL6R variant in AFR compared to EUR ancestry. Since the effect of
the IL6R variant on phenotypic traits is known to parallel the effects of existing therapies targeting IL6R, findings
from this study can inform ongoing and future trials targeting this pathway in the general population, particularly
CVD. Our results suggest that targeting IL6R may be associated with higher WBC count and a potential modest
signal for higher infection risk among individuals of AFR vs EUR descent. IL6R blockade may have a more ben-
eficial effect for T2D with lower hbalc levels in AFR vs EUR, as well as potential beneficial effects for glaucoma,
keratoconjunctivitis, and periodontitis. Notably, we observed a paucity of clinical trial data that were either suf-
ficiently powered or reported data enabling post-hoc analyses of potential differences in effect across race and
ethnicity. The increasing data available from more diverse populations such as MVP, along with the advancements
in methods to analyze these data, can provide either complementary data or guidance on data elements to collect
for pre-planned clinical trial subgroup analyses. Ultimately, these data together with approaches such as hetFDR
can help us to design efficient trials that are powered to study the effectiveness of not just the primary outcome,
but also potential beneficial and detrimental effects of a given therapy across a diverse population.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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