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4. Rationale: 
 

Hypertension is a leading cause of death in the US [1], and is known to be a risk factor 
for chronic kidney disease (CKD) and end-stage renal diseases (ESRD) [2, 3, 4]. With treatment, 
hypertension may be controlled to normal blood pressures [5, 6, 7, 8], and its risk for mortality 



and CKD can be lowered [9, 10, 11]. Despite this, the prevalence of uncontrolled remains high, 
with only approximately 24% of adults with hypertension having their condition under control in 
the United States [12].  

Historically, uncontrolled hypertension has been thought to be more prevalent in men. 
However, recent studies suggest that sex differences in uncontrolled hypertension might vary by 
age. Below the age of approximately 60, the prevalence of uncontrolled hypertension in men 
tends to be higher compared to women, but at older ages, uncontrolled hypertension is more 
prevalent in women as compared to men [13, 14, 15, 16, 17]. It is not known if this pattern of sex 
difference in uncontrolled hypertension holds in the ARIC population. It is also unknown if sex 
differences in uncontrolled hypertension can be explained by differences in the prevalence of 
CKD, coronary heart disease (CHD), or obesity, or if it can be explained by antihypertensive 
medication prescription patterns or antihypertensive medication adherence.  
 
5. Main Hypothesis/Study Questions: 
 
We aim to assess sex differences in the prevalence of individuals with hypertension and 
uncontrolled hypertension across different age groups (corresponding to different ARIC visits).  
We will assess if sex differences in the prevalence of uncontrolled hypertension are driven by 
differences in prevalence in CKD, CHD, or obesity, as well as antihypertensive medication 
prescription patterns (prescription rates, class, number of medications) or antihypertensive 
medication adherence. 
We also aim to assess if uncontrolled hypertension is a risk factor for mortality and kidney 
function decline.  
 
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). 
 
Prevalence of controlled hypertension or uncontrolled hypertension, and whether sex 
differences are explained by CKD, CHD, or BMI. 
 
Study population. Participants who attended any of the visits 2 to 7. Any participants missing 
hypertension status, systolic blood pressure (SBP) or diastolic blood pressure (DBP) data will be 
excluded. For evaluating if sex differences can be explained by CKD, CHD or BMI, participants 
missing information about CKD, CHD or BMI respectively will be excluded. 
 
Exposure. Sex. 
 
Covariates/stratifying variables. G-stage, history of CHD, category of BMI. 
 
Outcome. Uncontrolled hypertension (defined as SBP ≥ 140 mm Hg or DBP ≥ 90), hypertension 
(defined as having antihypertensive medications prescribed, or having uncontrolled 
hypertension) 



Analysis. A Chi-squared test (p < 0.05 for statistical significance) will be performed within each 
ARIC visit to compare the prevalence of hypertension and uncontrolled hypertension by sex, 
overall and stratified by covariates. 
 
 
Investigating whether prescription patterns of antihypertensive medications (prescription 
rates, classes of antihypertensive medications) explain sex differences in uncontrolled 
hypertension  
 
Study population. Participants who attended any of visits 2 to 7 with hypertension and were 
prescribed antihypertensive medications. 
 
Exposure. Sex, antihypertension medication prescription rate, classes of antihypertensive 
medication  
 
Outcome. Controlled hypertension and uncontrolled hypertension  
 
Analysis. Prescription will be defined as having at least one prescribed antihypertensive 
medication. Prescribed antihypertensive medications will be categorized into 14 classes: beta-
blockers with intrinsic sympathomimetic activity, potassium-sparing diuretics, CCBs-
Dihydropyridines, beta-blockers, ACE inhibitors, loop diuretics, angiotensin II antagonists, 
combined α-blockers and BBs, thiazide diuretics, central α2 agonists and other centrally acting 
drugs, CCBs-nondihydropyridines, α1 blockers, aldosterone receptor blockers, and direct 
vasodilators. At each visit, with the population stratified by the exposures, we will evaluate if sex 
differences persist with Chi-squared tests (p < 0.05 for statistical significance).  
 
 
Investigating whether prescription patterns of antihypertensive medications (number of 
antihypertensive medications prescribed) explain sex differences in uncontrolled 
hypertension  
 
Study population. Participants who attended any of visits 2 to 7 with hypertension and were 
prescribed antihypertensive medications. 
 
Exposure. Sex, number of antihypertensive medications prescribed  
 
Outcome.  Controlled hypertension and uncontrolled hypertension 
 
Analysis. The number of antihypertensive medications prescribed will be counted, with 
combination antihypertensive drugs counting as two antihypertensive medications. At each visit, 
with the population stratified by the exposures, the median number of prescribed 
antihypertensive medications will be determined and we will evaluate if sex differences persist 
with Wilcoxon tests (p < 0.05 for statistical significance).  
 
 



Assessing whether adherence to antihypertensive medications explain sex differences in 
uncontrolled hypertension  
Study population. Participants who attended visit 5 with hypertension and were prescribed 
antihypertensive medications. Participants with no urine metabolite data will be excluded. 
 
Exposure. Sex, antihypertensive medication adherence 
 
Outcome. Controlled hypertension and uncontrolled hypertension 
 
Analysis. To determine antihypertensive drug adherence, we will first identify drugs that are 
renally excreted as an unchanged metabolite (“paired metabolites”), if any. For those who are on 
at least one antihypertensive medication with at least one paired metabolite, adherence will be 
defined as having at least one non-missing paired metabolite value. Non-adherence be defined as 
having at least one paired metabolite, and all paired metabolites having missing values. All other 
cases, i.e., having no paired metabolites, will have unknown adherences. After stratifying the 
visit 5 population by the exposures and determining adherence rates for each group of 
individuals, we will evaluate if sex differences persist with Chi-squared tests (p < 0.05 for 
statistical significance).  
 
 
Associations of hypertension and uncontrolled hypertension with mortality 
 
Study population. We will perform separate analysis corresponding to a middle-aged population 
and an older population. For the former, the study population will be participants who attended 
visit 2 (ages 46 to 70) with non-missing hypertension status, SBP, and DBP data. For the latter, 
the study population will be participants who attended visit 5 (ages 66 to 90) with non-missing 
hypertension status, SBP, and DBP data. 
 
Exposure. Controlled hypertension and uncontrolled hypertension. 
 
Covariates. Age, sex, race-center, total cholesterol, smoking status, BMI, glucose level, eGFRcr-
cys 
 
Outcomes. Mortality 
 
Analysis. Cox proportional-hazards regression models with mortality as the outcome will be 
performed. Controlled hypertension or uncontrolled hypertension will be the exposures and we 
will assess the interaction between these exposures and sex using product terms. The model will 
be adjusted for the listed covariates. The statistical significance will be evaluated using p < 0.05 
for statistical significance. 
 
 
Associations of hypertension and uncontrolled hypertension with kidney function decline 
 
Study population. We will perform separate analysis corresponding to a middle-aged population 
and an older population. For the former, the study population will be participants who attended 



visit 2 (ages 46 to 70) with non-missing visit 2 eGFRcr-cys, hypertension status, SBP and DBP 
data, and at least one non-missing eGFRcr-cys data in visit 4 or 5. For the latter, the study 
population will be participants who attended visit 5 (ages 66 to 90) with non-missing visit 5 
eGFRcr-cys, hypertension status, SBP and DBP data, and at least one non-missing eGFRcr-cys 
data in visit 6 or 7. 
 
Exposure. Controlled and uncontrolled hypertension. 
 
Covariates. Age, sex, race-center, total cholesterol, smoking status, BMI, glucose level, eGFRcr-
cys 
 
Outcomes. 40% decline in eGFRcr-cys 
 
Analysis. Cox proportional-hazards regression models with 40% decline in eGFRcr-cys as the 
outcome will be performed. Controlled hypertension or uncontrolled hypertension will be the 
exposures and we will assess the interaction between these exposures and sex using product 
terms. The model will be adjusted for the listed covariates. The statistical significance will be 
evaluated using p < 0.05 for statistical significance. 
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