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Abstract

Since 2003, US hypertension guidelines have recommended angiotensin converting enzyme 

inhibitors (ACEi) or angiotensin receptor blockers (ARB) as first-line antihypertensive therapy in 

the presence of albuminuria (urine albumin/creatinine ratio ≥300 mg/g). To examine national 

trends in guideline-concordant ACEi/ARB utilization, we studied adults participating in the 

National Health and Nutrition Examination Surveys 2001-2018 with hypertension (defined by 

self-report of high blood pressure, systolic blood pressure ≥140 mmHg or diastolic ≥90 mmHg, or 

use of antihypertensive medications). Among 20,538 included adults, prevalence of albuminuria 

≥300 mg/g was 2.8% in 2001-2006, 2.8% in 2007-2012, and 3.2% in 2013-2018. Among those 

with albuminuria ≥300 mg/g, no consistent trends were observed for the proportion receiving 

ACEi/ARB treatment from 2001-2018 among persons with diabetes, without diabetes, or overall. 

In 2013-2018, ACEi/ARB usage in the setting of albuminuria ≥300 mg/g was 55.3% (95% CI; 

46.8%-63.6%) among adults with diabetes and 33.4% (95% CI; 23.1%-45.5%) among those 

without diabetes. Based on US population counts, these estimates represent 1.6 million adults with 

albuminuria ≥300 mg/g currently not receiving ACEi/ARB therapy, nearly half of whom do not 

Corresponding Author: Chi D. Chu, MD, MAS, Clinical Research Fellow, University of California, San Francisco, Division of 
Nephrology, 533 Parnassus Avenue, U404, San Francisco, CA 94143, Telephone: 415-476-1812, Chi.Chu@ucsf.edu. 

Disclosures: Dr. Crews serves on an advisory board of Bayer HealthCare Pharmaceuticals, Inc. The remaining authors have nothing to 
disclose.

HHS Public Access
Author manuscript
Hypertension. Author manuscript; available in PMC 2022 January 01.

Published in final edited form as:
Hypertension. 2021 January ; 77(1): 94–102. doi:10.1161/HYPERTENSIONAHA.120.16281.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



have diabetes. ACEi/ARB underutilization represents a significant gap in preventive care delivery 

for adults with hypertension and albuminuria that has not substantially changed over time.

Graphical Abstract
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Hypertension; Albuminuria; Angiotensin-Converting Enzyme Inhibitors; Angiotensin Receptor 
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Introduction

Albuminuria has strong prognostic significance for cardiovascular disease, chronic kidney 

disease (CKD) progression, and mortality, irrespective of etiology and independent of 

estimated glomerular filtration rate (eGFR).1–5 Angiotensin converting enzyme inhibitors 

(ACEi) and angiotensin receptor blockers (ARB) are mainstays of treatment for albuminuria 

shown to delay progression to end-stage kidney disease and reduce cardiovascular risk.6–9 

US hypertension guidelines from the Joint National Commission (JNC) and subsequently 

the American College of Cardiology/American Heart Association (ACC/AHA) have 

consistently included recommendations for nearly 2 decades that hypertensive individuals 

with albuminuria be treated with ACEi or ARB therapy (Table S1). Specifically, the JNC 7 

guidelines in 2003 recommended ACEi/ARB treatment for a urine albumin/creatinine ratio 

(UACR) >200 mg/g.10 In 2014, published guidelines from a group of JNC 8 panel members 
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recommended ACEi/ARB treatment for adults with UACR >30 mg/g, and ACC/AHA 

guidelines in 2017 recommended ACEi/ARB treatment for UACR ≥300 mg/g.11,12

Adherence to these guidelines implies that UACR should be checked in patients with 

hypertension to guide treatment decisions. However, despite some evidence suggesting that 

screening for albuminuria is cost-effective in hypertension,13,14 there has not been clear 

consensus guidance on albuminuria testing for this population: the 2017 ACC/AHA 

hypertension guidelines list UACR as an “optional” test for patients with hypertension and 

do not provide a recommendation for monitoring intervals.12 Prior studies have shown that 

while overall ACEi/ARB use has increased over time, it remains low among persons with 

albuminuria.15–17 This may be because albuminuria testing is infrequently performed in the 

setting of hypertension, particularly when compared to diabetes,18 where by contrast, 

American Diabetes Association guidelines have consistently recommended annual UACR 

testing—recommendations that have been widely disseminated and implemented as a 

national quality (Healthcare Effectiveness Data and Information Set; HEDIS) measure.19,20

The objectives of this study were to assess the prevalence and trend of ACEi/ARB treatment 

among participants in the National Health and Nutrition Examination Survey (NHANES) 

with hypertension and albuminuria according to diabetes status; examine the gap in 

guideline-concordant ACEi/ARB treatment based on JNC and ACC/AHA recommendations 

for albuminuria; and explore associations between UACR and ACEi/ARB treatment to 

inform the development of interventions aimed at enhancing guideline-concordant care 

delivery for adults with hypertension.

Methods

Study Design

We conducted a series of cross-sectional analyses using NHANES, a national survey of non-

institutionalized US residents continuously conducted since 1999 by the Centers for Disease 

Control and Prevention’s National Center for Health Statistics, with response rates of 79.6% 

in 2001-2002 and 48.8% in 2017-2018.21 All data and materials are publicly available on the 

National Center for Health Statistics website.22 NHANES consists of an interview 

component and an examination component, which includes physical examination and 

laboratory testing in a Mobile Examination Center (MEC). All participants provided 

informed consent; protocol approval was obtained from the National Center for Health 

Statistics Research Ethics Review Board.

Study Population

We examined data from NHANES years 2001-2018 (total n = 91,351). For our analytic 

population, we included nonpregnant adults age 18 years or older (n = 52,403) who 

underwent both interview and MEC components (n = 50,086), who had blood pressure 

measured (n = 47,722) and a random UACR testing performed (n = 46,757). Blood pressure 

was measured by trained study personnel using a standardized protocol requiring at least 5 

minutes of a seated rest period prior to three blood pressure measurements; the mean 

systolic and mean diastolic blood pressures across all measurements were used for analysis.
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22 We included participants with hypertension (n = 20,561), defined by a mean systolic 

blood pressure (SBP) ≥140 mmHg, mean diastolic blood pressure (DBP) ≥90 mmHg, use of 

antihypertensive medication, or a “yes” answer to the question, “Have you ever been told by 

a doctor or other health professional that you had hypertension, also called high blood 

pressure?”. Finally, we excluded persons with missing prescription medication data (final n 

for analysis = 20,538).

Definitions

The exposure of interest was UACR ≥300 mg/g, the cutoff above which ACEi/ARB therapy 

would be recommended by all contemporaneous US hypertension guidelines since JNC 

7.10–12 Diabetes was defined as a glycohemoglobin A1c ≥6.5% or by a “yes” to the 

question, “Other than during pregnancy, have you ever been told by a doctor or health 

professional that you have diabetes or sugar diabetes?”23 CKD stage was defined according 

to Kidney Disease: Improving Global Outcomes (KDIGO) classification based on estimated 

glomerular filtration rate (eGFR), calculated by the CKD-EPI equation.24,25 Self-reported 

characteristics included age, sex, race/ethnicity (non-Hispanic White, non-Hispanic Black, 

Other), health insurance (y/n), routine site for healthcare (y/n), educational attainment of 

high school or greater (y/n), current tobacco use (y/n), heart failure (y/n), and coronary heart 

disease (y/n). Obesity was defined as body mass index (BMI) ≥30 kg/m2, based on measured 

height and weight.

Use of ACEi or ARB medications was ascertained during medication review during which 

participants were asked to show to study staff all medication containers for prescription 

medications they had taken within the last 30 days; medication names from container labels 

were directly matched to the Multum prescription drug database.26 ACEi/ARB use was 

defined as taking a medication within either class, including when taken as a component of a 

combination pill.

Statistical Analysis

Demographic and clinical characteristics for the included study population were examined 

by diabetes and UACR status. Over three consecutive six-year intervals (2001-2006, 

2007-2012, and 2013-2018), we assessed the proportion of hypertensive adults with UACR 

≥300 mg/g who were on ACEi/ARB therapy. The prevalence of ACEi/ARB use was 

estimated during each time interval, overall and by diabetes status. Temporal trends in age-

adjusted ACEi/ARB use were assessed by fitting logistic regression models with time 

interval as a categorical predictor, and then using contrasts to test for linear trends in the 

corresponding coefficients.27

We then estimated the number of persons constituting the gap in guideline-concordant 

ACEi/ARB use by extrapolating the crude prevalence of hypertensive adults with UACR 

≥300 not on ACEi/ARB therapy to the corresponding Current Population Survey estimates 

of the non-institutionalized civilian US population, as described by NHANES analytic 

guidelines.21,28 To further characterize this gap, we compared demographic and clinical 

characteristics of hypertensive adults with UACR ≥300 mg/g by ACEi/ARB treatment status 

using t tests for continuous variables and χ2 tests for categorical variables.
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In a secondary analysis, we examined associations between albuminuria and ACEi/ARB 

treatment in the population of hypertensive adults in the latest time period, 2013-2018, 

stratified by diabetes status. Modified Poisson regression analysis was used to estimate 

unadjusted (Model 1) and adjusted prevalence ratios and 95% confidence intervals for the 

association between UACR (categorized as 0-29 mg/g, 30-299 mg/g, and ≥300 mg/g) and 

ACEi/ARB treatment.29 Analyses were adjusted for age, sex, and race/ethnicity (Model 2), 

and additionally for SBP and eGFR as continuous variables (Model 3). SBP was chosen 

given its strong association with albuminuria, relative to DBP.30 We tested for the presence 

of interaction between diabetes status and UACR. Because we did not find evidence of 

interaction (p = 0.20), we also performed an unstratified analysis, with diabetes status added 

to the adjustment set for Model 3.

All analyses were performed with Stata/IC 15.1 (StataCorp, College Station, TX, USA). All 

analyses were conducted accounting for NHANES survey weights, strata, and primary 

sampling units.

Sensitivity Analysis

Because of changing definitions for hypertension over time, we performed a sensitivity 

analysis using SBP ≥130 mmHg instead of 140 mmHg to define hypertension. In addition, 

because self-reported diagnosis of hypertension may not be reliable, we repeated our 

analysis using only SBP ≥140, DBP ≥90, or antihypertensive medication use to define 

hypertension.

Results

Population Characteristics

A total of 20,538 adults with hypertension were included in the analytic study population 

(5,860 in NHANES 2001-2006, 7,311 in NHANES 2007-2012, and 7,367 in NHANES 

2013-2018). The prevalence of UACR ≥300 mg/g was 2.8% in 2001-2006, 2.8% in 

2007-2012, and 3.2% in 2013-2018 (p = 0.38). Demographic and clinical characteristics of 

the study population are shown in Table 1. Irrespective of diabetes status, SBP was 

significantly higher among adults with UACR ≥300 mg/g compared to UACR <300 mg/g 

(149 mmHg versus 133 mmHg among adults without diabetes; 150 mmHg versus 132 

mmHg among adults with diabetes; p <0.001 for both comparisons). The majority of adults 

with UACR ≥300 mg had SBP ≥140 mmHg (62.2% and 63.1% among adults without and 

with diabetes, respectively). Approximately half (52.6%) of adults with UACR ≥300 mg/g 

were taking two or more antihypertensive medications, although nearly a quarter (23.6%) 

were taking none. Compared to those with UACR <300 mg/g, adults with UACR ≥300 mg/g 

had greater use of beta blockers, calcium channel blockers, and loop diuretics (p <0.001 for 

all comparisons), while thiazide and potassium-sparing diuretic use was similar. 

Approximately half of adults with UACR ≥300 mg/g had an eGFR greater than 60 ml/min/

1.73m2 (52.6% and 51.0% among adults without and with diabetes, respectively).
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Trends in ACEi/ARB Use

From 2001-2018, overall ACEi/ARB usage among hypertensive adults with UACR ≥300 

mg/g was stable (unadjusted proportions: 43.6%, 53.1%, and 47.5% respectively in 

2001-2006, 2007-2012, and 2013-2018; ptrend = 0.41). Consistent trends in age-adjusted 

ACEi/ARB use were not observed overall or when stratified by diabetes status (Figure 1). In 

every time period, diabetes was associated with greater ACEi/ARB usage; in 2013-2018, 

unadjusted ACEi/ARB usage was 55.3% (95% CI; 46.8%-63.6%) among hypertensive 

adults with diabetes and 33.6% (95% CI; 23.4%-45.6%) among those without diabetes (p = 

0.005). Extrapolated to the US population, these figures represent approximately 1.6 million 

adults who have UACR ≥300 mg/g and are not on ACEi/ARB therapy (approximately 

870,000 adults with diabetes and 730,000 without diabetes).

Characteristics of Adults by ACEi/ARB Treatment Status

A comparison of characteristics of adults with UACR ≥300 mg/g by ACEi/ARB treatment 

status is shown in Table 2. Overall, the two groups were similar with respect to demographic 

and co-morbid characteristics (i.e., age, sex, race/ethnicity, SBP, heart failure, coronary heart 

disease) with the exception of diabetes status, DBP, and kidney function. ACEi/ARB users 

were more likely to have diabetes (69.1% versus 46.3%; p <0.001) than their counterparts 

not on ACEi/ARB treatment. Although mean eGFR was similar between ACEi/ARB users 

and non-users, the distribution was notably different: most ACEi/ARB users had eGFR in 

the 30-89 ml/min/1.73m2 range; ACEi/ARB users were less likely to have eGFR <30 or ≥90 

ml/min/1.73m2.

Association of UACR with ACEi/ARB Use

Next, we examined associations between UACR and ACEi/ARB use in the latest time 

period, 2013-2018. There was no statistically significant interaction between diabetes and 

UACR (p for interaction = 0.20), so combined analyses are presented in addition to stratified 

results. In the combined unadjusted model, UACR 30-299 mg/g and UACR ≥300 mg/g were 

respectively associated with 25% and 10% increases in prevalent ACEi/ARB use (Table 3). 

In Model 2, adjusted for age, sex, and race/ethnicity, these associations were largely 

attenuated; this was predominantly the effect of adjusting for age. In the fully adjusted 

model, UACR ≥300mg/g was negatively and minimally associated with ACEi/ARB use 

(adjusted PR 0.95, 95% CI; 0.83-1.09).

Sensitivity Analysis

In sensitivity analyses using alternative definitions of hypertension (SBP cutoff of ≥130 

mmHg instead of ≥140 mmHg; omitting self-reported hypertension diagnosis), the 

proportion of ACEi/ARB use over time was similar, and no consistent trends were observed 

(Figures S1–S2). Prevalence ratios for ACEi/ARB use and UACR categories were not 

materially changed, including the minimal and statistically nonsignificant associations 

between UACR ≥300 mg/g and ACEi/ARB use (Tables S2–S3).
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Discussion

In this nationally representative study, we found that ACEi/ARB therapy was substantially 

underutilized among hypertensive adults with severely increased albuminuria. Over half 

(53.5%) of these individuals were not on ACEi/ARB treatment, amounting to nearly 1.6 

million US adults not receiving optimal medical therapy. Despite consistent 

recommendations for ACEi/ARB treatment for albuminuria by national hypertension 

guidelines spanning nearly 2 decades, we found no significant trends in the prevalence of 

ACEi/ARB use in the population of hypertensive adults with UACR ≥300 mg/g, irrespective 

of diabetes status. In addition, we found minimal association between presence of severe 

albuminuria and ACEi/ARB use.

Several possible explanations may account for why a person with UACR ≥300 mg/g may not 

be on ACEi/ARB therapy, including a lack of albuminuria recognition by clinicians, a 

knowledge gap in guideline- or evidence-based medical care for management of 

albuminuria, or clinical contraindications to ACEi/ARB therapy. Prior studies have 

demonstrated that albuminuria may be under-recognized due to undertesting. Among 

Medicare patients in 2016 with hypertension and no diabetes, only 6.6% had urine albumin 

testing.18 Similarly, among a cohort of primary care patients with hypertension and no 

diabetes, only 22.2% had UACR testing within one year of a hypertension diagnosis or 

elevated blood pressure.31

When UACR testing is performed and albuminuria is detected, provider knowledge about 

treatment guidelines and the indication for ACEi/ARB therapy can affect prescription rates. 

The majority of patients with hypertension and albuminuria are managed in the primary care 

setting, and adherence to guideline-based therapies for kidney health has been shown to be 

low across a variety of settings and treatments, including ACEi/ARB utilization.32–35 While 

we could not assess healthcare provider knowledge with NHANES data, suboptimal 

awareness of management guidelines for albuminuria could have played a role in our results.

Clinical contraindications for treatment with ACEi/ARB are unlikely to have substantively 

contributed to the lower prevalence of ACEi/ARB use in our study. Common relative 

contraindications to ACEi/ARB use include very low eGFR, hypotension, and hyperkalemia. 

In comparing the characteristics of ACEi/ARB users and non-users among hypertensive 

adults with UACR ≥300 mg/g, we found that the populations were largely similar across 

many clinical and demographic characteristics. Notably, among those not on ACEi/ARB 

therapy, approximately half had eGFR above 60 ml/min/1.73m2, mean serum potassium was 

4.1, and nearly 80% had SBP ≥130 mmHg—suggesting that as potential contraindications, 

low baseline kidney function, hyperkalemia, and hypotension are unlikely to explain the gap 

in guideline-recommended ACEi/ARB therapy. However, we were unable to assess whether 

adverse effects prompted ACEi/ARB discontinuation, such as acute kidney injury, 

hyperkalemia, medication allergies, cough, or angioedema.

The finding of only minimal association between UACR ≥300 mg/g and ACEi/ARB use was 

surprising given that ACEi/ARB therapy has long been a mainstay of treatment for 

albuminuria. After adjustment, there was a weak inverse association between UACR ≥300 
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mg/g and ACEi/ARB use. Although an inverse association is the opposite direction we 

would expect to observe if elevated UACR was a stimulus for ACEi/ARB treatment, the 

95% confidence interval included values both greater and less than 1. Nevertheless, even a 

modest positive association is not what we might expect if clinicians were adhering closely 

to guidelines for optimal hypertension treatment in the context of albuminuria. These 

findings are notable given that multiple iterations of US hypertension guidelines over the last 

20 years have consistently recommended ACEi/ARB therapy in the setting of CKD, where 

the operational definition of CKD within each guideline has explicitly included UACR 

≥300mg/g.10–12

Equally surprising was that the weak association between UACR and ACEi/ARB use was 

not different by diabetes status. We had hypothesized that UACR testing could explain 

greater ACEi/ARB use among individuals with diabetes due to its implementation as a 

national quality measure.20,31 However, these data suggest that while the prevalence of 

ACEi/ARB use is nearly double among individuals with hypertension and diabetes 

compared to those without diabetes, this higher use does not seem to be independently 

driven by presence of severe albuminuria. Thus, isolated efforts to strengthen 

recommendations for UACR testing among patients with hypertension would likely be 

insufficient to narrow the gap in evidence-based ACEi/ARB utilization. Education or clinical 

decision support providing guidance on manangement of albuminuria in patients without 

diabetes would reinforce these efforts.

Strengths of this study included a large, nationally representative sample of non-

institutionalized adults with hypertension. The NHANES survey design allowed for 

ascertaining nationally representative prevalence of conditions and medication use without 

relying on documentation, diagnostic coding, or testing at the level of the provider or health 

system.

Our study had several limitations. The primary limitation was the cross-sectional design of 

NHANES. Causal inferences regarding UACR and ACEi/ARB use are limited due to 

possible temporal ambiguity and selection bias. In addition to albuminuria leading to greater 

use of ACEi/ARBs, as we hypothesized, their association may reflect the effect of 

ACEi/ARB treatment on reduction of albuminuria (reverse causation, implying a negative 

feedback loop). Thus, the direction and magnitude of the cross-sectional association between 

albuminuria and ACEi/ARB use is difficult to predict and interpret. However, despite this 

limitation in causal inference, there is an apparent gap in treatment identified in our 

descriptive analyses: a large number of adults with UACR ≥300 mg/g are not being treated 

with ACEi/ARBs. In addition, with measurements from a single timepoint, adults with 

albuminuria may not have persistent abnormalities if testing were repeated.36 Similarly, one-

time blood pressure measurement, even when averaged over several readings, may 

misclassify hypertension status due to masked or white coat hypertension.37 Finally, since 

the NHANES study population is designed to capture a nationally representative sample, our 

results may not be generalizable to more specific populations, such as patients in an 

individual health system, or to underrepresented populations, such as those without health 

insurance.
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Perspectives

In this nationally representative study, we found substantial underutilization of ACEi/ARB 

therapy for hypertensive adults with UACR ≥300 mg/g, a gap in evidence-based treatment 

that has persisted despite consistent guideline recommendations over nearly 2 decades and 

that comprises an estimated 1.6 million US adults based on the most recent time period. 

These findings offer a significant opportunity to reduce the risk of end-stage kidney disease, 

cardiovascular disease, and mortality by improving recognition and treatment for 

albuminuria among adults with hypertension.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

What Is New?

• Hypertension guidelines have long recommended angiotensin converting 

enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB) treatment 

when albuminuria ≥300 mg/g is present, but adherence to this 

recommendation is unknown.

What Is Relevant?

• In a nationally representative sample, approximately half of US adults with 

hypertension and albuminuria were treated with ACEi or ARB medications, a 

proportion essentially unchanged from 2001-2018.

• ACEi/ARB use was not associated with albuminuria ≥300 mg/g in adjusted 

analyses.

Summary

• ACEi/ARB underutilization among hypertensive patients with albuminuria 

represents an opportunity to improve care for this high-risk population.
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Figure 1. Age-adjusted ACEi/ARB usage among hypertensive US adults with UACR ≥300 mg/g, 
overall and by diabetes status, NHANES 2001-2018 (n = 849).
Abbreviations: ACEi = angiotensin converting enzyme inhibitor; ARB = angiotensin 

receptor blocker; NHANES = National Health and Nutrition Examination Survey; UACR = 

urine albumin/creatinine ratio.
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Table 1.

Characteristics of hypertensive US adults by diabetes and albuminuria status, NHANES 2001-2018

Characteristic No Diabetes Diabetes Overall

UACR <300 
mg/g

UACR ≥300 
mg/g

UACR <300 
mg/g

UACR ≥300 
mg/g

UACR <300 
mg/g

UACR ≥300 
mg/g

n 14,750 331 4,939 518 19,689 849

Age in years, mean 55.8 (0.2) 60.4 (1.3) 61.7 (0.3) 62.7 (0.7) 57.0 (0.2) 61.7 (0.7)

Female (%) 50.9 (0.5) 46.7 (4.0) 49.3 (1.0) 40.9 (3.0) 50.5 (0.4) 43.3 (2.5)

Race/ethnicity (%)

 Non-Hispanic white 73.4 (1.2) 58.6 (3.6) 63.2 (1.6) 52.5 (3.4) 71.3 (1.2) 55.2 (2.3)

 Non-Hispanic Black 12.0 (0.7) 21.6 (2.5) 16.1 (1.0) 21.9 (2.2) 12.8 (0.8) 21.8 (1.7)

 Other 14.6 (0.8) 19.9 (2.5) 20.7 (1.2) 25.4 (2.5) 15.8 (0.8) 23.0 (1.8)

Health insurance, any (%) 88.0 (0.5) 90.3 (2.1) 90.9 (0.5) 88.1 (2.1) 88.6 (0.4) 89.0 (1.4)

Routine site for healthcare (%) 90.7 (0.3) 94.1 (1.3) 95.9 (0.5) 90.9 (2.4) 91.7 (0.3) 92.3 (1.5)

High school education or above 
(%) 82.7 (0.6) 70.9 (3.4) 75.4 (0.9) 67.4 (2.4) 81.2 (0.6) 68.9 (1.9)

Current smoker (%) 39.3 (0.8) 44.6 (5.0) 28.9 (1.1) 32.1 (3.7) 37.2 (0.7) 37.4 (3.0)

Obesity (%) 42.9 (0.6) 38.8 (4.1) 64.0 (1.1) 64.3 (2.4) 47.1 (0.6) 53.6 (2.4)

Systolic BP (mmHg), mean 133.3 (0.2) 148.7 (1.9) 132.4 (0.4) 149.8 (1.5) 133.1 (0.2) 149.4 (1.2)

Diastolic BP (mmHg), mean 74.2 (0.2) 74.8 (1.2) 69.2 (0.3) 72.2 (1.2) 73.2 (0.2) 73.3 (0.8)

Systolic BP range (%)

 <120 mmHg 25.6 (0.6) 14.2 (2.7) 26.9 (1.0) 12.4 (2.1) 25.8 (0.5) 13.2 (1.7)

 120-129 mmHg 20.4 (0.5) 11.5 (2.5) 21.5 (0.8) 9.3 (1.6) 20.7 (0.4) 10.2 (1.5)

 130-139 mmHg 18.0 (0.4) 12.1 (2.3) 19.8 (0.8) 15.3 (2.4) 18.4 (0.4) 13.9 (1.7)

 ≥140 mmHg 36.0 (0.6) 62.2 (3.5) 31.8 (1.0) 63.1 (2.9) 35.1 (0.6) 62.7 (2.3)

Antihypertensive medication 
use (%)

 ACEi or ARB 34.0 (0.6) 34.9 (3.4) 66.7 (1.0) 58.1 (2.9) 40.7 (0.6) 48.2 (2.3)

 Beta blocker 22.9 (0.5) 34.3 (3.5) 33.0 (1.1) 45.0 (3.1) 25.0 (0.5) 40.4 (2.1)

 Calcium channel blocker 14.2 (0.4) 32.3 (3.1) 21.4 (0.9) 34.0 (2.4) 15.6 (0.4) 33.3 (2.0)

 Thiazide diuretic 19.7 (0.5) 16.3 (3.0) 24.2 (0.8) 19.8 (2.3) 20.6 (0.5) 18.3 (1.9)

 Loop diuretic 4.5 (0.2) 15.2 (2.5) 12.3 (0.6) 24.7 (2.8) 6.1 (0.2) 20.6 (1.8)

 Potassium-sparing diuretic 4.8 (0.2) 4.0 (1.5) 5.0 (0.5) 5.9 (1.4) 4.8 (0.2) 5.1 (1.0)

Number of antihypertensives 
(%)

 0 41.1 (0.7) 30.9 (3.3) 15.4 (0.8) 18.1 (2.7) 35.8 (0.6) 23.6 (2.1)

 1 35.4 (0.5) 27.4 (3.6) 40.6 (1.0) 21.3 (2.5) 36.4 (0.5) 23.9 (2.1)

 2 to 3 22.0 (0.6) 34.1 (3.4) 38.3 (1.0) 42.4 (2.6) 25.3 (0.5) 38.9 (2.2)

 ≥4 1.6 (0.1) 7.6 (1.6) 5.7 (0.5) 18.2 (2.2) 2.4 (0.2) 13.7 (1.4)

eGFR (ml/min/1.73m2), mean 86.3 (0.3) 64.5 (2.6) 81.9 (0.5) 62.3 (2.1) 85.4 (0.3) 63.2 (1.7)

eGFR, ml/min/1.73m2 (%)
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Characteristic No Diabetes Diabetes Overall

UACR <300 
mg/g

UACR ≥300 
mg/g

UACR <300 
mg/g

UACR ≥300 
mg/g

UACR <300 
mg/g

UACR ≥300 
mg/g

 ≥90 45.2 (0.7) 30.3 (3.8) 40.3 (1.0) 21.2 (2.9) 44.2 (0.7) 25.0 (2.5)

 60-89 43.3 (0.6) 22.3 (3.3) 40.6 (1.0) 29.8 (3.2) 42.7 (0.6) 26.7 (2.4)

 45-59 8.2 (0.3) 16.2 (2.7) 12.1 (0.6) 16.9 (2.6) 9.0 (0.3) 16.6 (1.8)

 30-44 2.8 (0.1) 11.5 (2.0) 5.2 (0.4) 15.0 (2.1) 3.3 (0.1) 13.5 (1.5)

 <30 0.6 (0.1) 19.8 (3.0) 1.7 (0.2) 17.1 (2.4) 0.8 (0.1) 18.2 (1.7)

Coronary heart disease (%) 6.1 (0.3) 14.8 (2.8) 13.1 (0.7) 17.4 (2.5) 7.6 (0.3) 16.3 (1.8)

Heart failure (%) 3.7 (0.2) 12.3 (2.3) 9.8 (0.6) 18.1 (2.4) 4.9 (0.2) 15.6 (1.6)

Reported figures are weighted for complex survey design used by NHANES to estimate nationally representative results. Standard errors for 
estimates are reported within parentheses. For categorical variables, column percentages are presented.

Abbreviations: BP = blood pressure; eGFR = estimated glomerular filtration rate; NHANES = National Health and Nutrition Examination Survey; 
UACR = urine albumin/creatinine ratio.
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Table 2.

Characteristics of Hypertensive US Adults with UACR ≥300 mg/g by ACEi/ARB Use

Characteristic No ACEi/ARB use
(n = 427)

ACEi/ARB use
(n = 422) p

Age in years, mean 61.3 (59.2-63.5) 62.1 (60.1-64.1) 0.60

Female (%) 44.0 (36.9-51.3) 42.7 (36.3-49.3) 0.78

Race/ethnicity (%)

0.46
 Non-Hispanic white 56.7 (51.0-62.2) 53.6 (47.5-59.6)

 Non-Hispanic Black 22.1 (17.8-26.9) 21.5 (17.3-26.3)

 Other 21.3 (17.2-26.0) 25.0 (20.6-30.0)

Health insurance, any (%) 86.7 (82.0-90.3) 91.5 (86.8-94.7) 0.11

High school education or above (%) 67.9 (61.7-73.6) 69.9 (65.5-73.9) 0.59

Current smoker (%) 41.5 (33.3-50.2) 33.1 (25.7-41.4) 0.16

Obesity (%) 53.4 (47.2-59.4) 53.8 (47.2-60.2) 0.92

Systolic BP (mmHg), mean 151 (148-154) 148 (144-151) 0.18

Diastolic BP (mmHg), mean 75 (73-77) 71 (69-74) 0.02

Systolic BP range (%)

0.34

 <120 mmHg 11.9 (8.5-16.5) 14.5 (10.2-20.2)

 120-129 mmHg 8.5 (5.2-13.4) 12.1 (8.8-16.4)

 130-139 mmHg 13.1 (9.2-18.4) 14.8 (10.6-20.4)

 ≥140 mmHg 66.5 (59.6-72.8) 58.6 (51.9-65.0)

Diabetes (%) 46.3 (38.9-53.9) 69.1 (62.8-74.7) <0.001

eGFR (ml/min/1.73m2), mean 65 (59-70) 62 (58-66) 0.43

eGFR, ml/min/1.73m2 (%)

<0.001

 ≥90 33.1 (25.5-41.7) 16.1 (11.8-21.6)

 60-89 18.1 (13.2-24.3) 36.0 (29.7-43.0)

 45-59 15.4 (10.8-21.4) 18.0 (13.3-23.7)

 30-44 11.1 (8.0-15.2) 16.2 (11.6-22.2)

 <30 22.4 (17.0-28.9) 13.8 (10.1-18.5)

Serum potassium (meq/L), mean 4.1 (4.1-4.2) 4.2 (4.1-4.3) 0.12

Coronary heart disease (%) 13.5 (9.5-18.9) 19.4 (14.2-25.8) 0.13

Heart failure (%) 13.1 (9.6-17.6) 18.4 (13.8-23.9) 0.11

Figures within parentheses represent 95% confidence intervals. For categorical variables, column percentages are presented. P values are for t tests 
(for continuous variables) and chi-square tests (for categorical variables).

Abbreviations: ACEi = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; BP = blood pressure; CI = confidence 
interval; eGFR = estimated glomerular filtration rate; NHANES = National Health and Nutrition Examination Survey.
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Table 3.

Prevalence ratios and 95% confidence intervals for ACEi/ARB use among hypertensive US adults by 

albuminuria status, NHANES 2013-2018

Urine albumin/creatinine ratio Model 1*
PR (95% CI)

Model 2
†

PR (95% CI)
Model 3

‡

PR (95% CI)

Overall

<30 mg/g 1.00 (reference) 1.00 (reference) 1.00 (reference)

30-299 mg/g 1.25 (1.16-1.35) 1.12 (1.03-1.21) 1.11 (1.03-1.19)

≥300 mg/g 1.10 (0.96-1.27) 0.99 (0.85-1.16) 0.95 (0.83-1.09)

No Diabetes

<30 mg/g 1.00 (reference) 1.00 (reference) 1.00 (reference)

30-299 mg/g 1.21 (1.08-1.35) 1.07 (0.95-1.21) 1.15 (1.02-1.29)

≥300 mg/g 0.93 (0.66-1.30) 0.85 (0.57-1.26) 0.79 (0.55-1.12)

Diabetes

<30 mg/g 1.00 (reference) 1.00 (reference) 1.00 (reference)

30-299 mg/g 0.98 (0.88-1.10) 0.96 (0.87-1.08) 1.02 (0.92-1.14)

≥300 mg/g 0.79 (0.69-0.91) 0.78 (0.67-0.90) 0.90 (0.75-1.08)

*
Model 1 is unadjusted.

†
Model 2 is adjusted for age, sex, and race/ethnicity.

‡
Model 3 is adjusted for Model 2 covariates plus systolic blood pressure (continuous), estimated glomerular filtration rate (continuous), and 

diabetes (overall model only).

Abbreviations: ACEi = angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; CI = confidence interval; NHANES = 
National Health and Nutrition Examination Survey; PR = prevalence ratio.
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