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4. Rationale:



Hypertension is a leading risk factor for heart disease, stroke and kidney failure in the
developed world.*® African-American adults have the highest rates (44%) of
hypertension * and are more resistant® to pharmacological treatment than other racial
groups. In most cases the specific cause of hypertension is unknown (“primary
hypertension™),® although it is influenced by several risk factors from both genetic and
environmental aspects, such as family history, obesity, smoking, little or no exercise,
excess dietary salt and alcohol, and stress.” The human metabolome is a reflection of the
interaction between genes and the environment.? Therefore, studies integrating
metabolomic profiling with blood pressure and hypertension may enhance our
understanding of the physiopathology underlying development of hypertension. In a well-
characterized, population-based sample of African Americans from the Atherosclerosis
Risk in Communities (ARIC) study, we propose to explore the cross-sectional
associations of multiple metabolites quantified by GS/MS/MS with both blood pressure
and hypertension status, as well as their longitudinal associations with incident
hypertension.

5. Main Hypothesis:

1. Metabolomic factors are associated cross-sectionally with systolic blood pressure
(SBP), diastolic blood pressure (DBP), and/or pulse pressure in African Americans at
baseline independent of traditional hypertension risk factors and antihypertensive
medication use.

2. Metabolomic factors are associated cross-sectionally with prevalent hypertension
status in African Americans at baseline independent of hypertension risk factors.

3. Metabolomic factors are associated prospectively with incident hypertension across
visit 2-4, independent of traditional hypertension risk factors measured at baseline in
baseline normotensive African Americans (defined as SBP <140mmHg, DBP <90mmHg,
and not taking antihypertensive medications during past 2 weeks at baseline).

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

Study design and sample:
This is a study consisting of ARIC African Americans with serum metabolomic data
quantified at baseline (visit 1).
Exclusion:
e Persons with no metabolomic data (metabolomics profiling was completed in a
random sample of African Americans from the Jackson, MS, field center);
e Persons missing outcome variables or baseline covariates;
e For hypothesis 3, persons with prevalent hypertension at baseline will be
excluded.
Outcome:



e Blood pressure (mmHg, including SBP, DBP, and pulse pressure; hypothesis 1)

e Prevalent hypertension at baseline (defined as SBP >140mmHg or DBP
>90mmHg or taking antihypertensive medication during past 2 weeks at baseline;
hypothesis 2)

e Incident hypertension (defined as SBP >140mmHg or DBP >90mmHg or taking
anti-hypertensive medication use during past 2 weeks at any of the 3 follow-up
examinations among baseline normotensives; hypothesis 3)

Likely covariates:  *°
* Age (yrs)
Sex
Body mass index (kg/m?)
Usual Ethanol Intake (g/week)
Education level
Physical activity
Pack years of cigarette smoking (yrs)
Estimated Glomerular Filtration Rate (eGFR, mL/min/1.73m? calculated using
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation™')
¢ Antihypertensive medication use (for hypotheses 1)

Because of potential effect modification by antihypertensive medication use, medication-
metabolite interaction term will be examined for hypothesis 1.

Metabolomics data:

Based on both practical and theoretical considerations, we have placed each measured
metabolite into three groups by reliability coefficient (RC; from either the medium-term
reliability study or the blind duplicate study) AND missing percentage (MS#1847 Zheng
Y, etal.).

e Group 1 contains metabolites (n=187) that are reliably measured (RC >0.60)
AND have missing values in fewer than 50% of the sample. The metabolites are
to be treated as continuous variables during data analysis with the missingness of
metabolites are replaced by the lowest measured value.

e Group 2 contains metabolites (n=17) that are reliably measured (RC >0.60) but
have a moderate amount of missing data (values missing in 50- 80% of the
sample). For this group, we consider missing values as category 1. For the
measured (non-missing) values, we consider values below the median as category
2 and values above the median as category 3. An ordinal variable is to be used
during data analysis.

e Group 3 contains metabolites (n=398) that have >80% missing data or RC <0.6;
this group is not included in data analysis.

Statistical Methods:

Minimally adjusted models will adjust for demographics (age, sex; race is limited
to African-Americans). Furthermore, we will add additional candidate covariates listed
above to construct different hierarchical models. In order to illustrate the changes in
effect of metabolites influenced by different group of covariates, the potential



combinations of covariates will be investigated by inspecting how beta-coefficient
changes for the metabolite as we add individual covariates in the extended model for each
metabolite.

For each metabolite,

1. the adjusted means and partial correlation coefficients of metabolite-blood
pressure (including SBP, DBP and pulse pressure) associations (adjusting for
covariates in hypothesis 1) will be computed stratified by subpopulation strata
(normotensive, hypertensive not taking antihypertensive medication, hypertensive
taking antihypertensive medication) to compare the relative strength of the
metabolite-blood pressure associations;

2. linear regressions will be conducted to estimate its relations with a 10-mm Hg
increment in baseline SBP and DBP, and with a 1-mm Hg increment in baseline
pulse pressure (hypothesis 1);

3. relative risk regression will be conducted to estimate its relation with baseline
prevalent hypertension by using a prevalence ratio (hypothesis 2);

4. COX proportional hazard regression will be conducted to estimate its relation
with incident hypertension during visit2-4 (hypothesis 3).

A composite metabolomic score (MetScore) will be created by summing the
quartile ranks of identified metabolites that are associated with outcome. And the overall
effect on blood pressure and hypertension of these identified metabolites will be
measured using MetScore as the exposure variable in the fullest linear regression, relative
risk regression, and Cox regression models.

Statistical significance for the metabolomic data will be pre-specified with an
experiment-wise o=0.05 (2 tailed) and a modified Bonferroni procedure will be used to
consider the correlations among metabolites.** 3
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