
UC San Diego
UC San Diego Previously Published Works

Title
Albuminuria Testing in Hypertension and Diabetes: An Individual-Participant Data Meta-
Analysis in a Global Consortium.

Permalink
https://escholarship.org/uc/item/4160c6kg

Journal
Hypertension, 78(4)

Authors
Shin, Jung-Im
Chang, Alex
Grams, Morgan
et al.

Publication Date
2021-09-01

DOI
10.1161/HYPERTENSIONAHA.121.17323
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4160c6kg
https://escholarship.org/uc/item/4160c6kg#author
https://escholarship.org
http://www.cdlib.org/


Albuminuria testing in hypertension and diabetes: An individual­
participant data meta-analysis in a global consortium

Jung-Im Shin, MD, PhD*,
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

Alex R Chang, MD, MS*,
Department of Nephrology and Kidney Health Research Institute, Geisinger Medical Center, 
Danville, Pennsylvania

Morgan E Grams, MD, PhD,
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

Josef Coresh, MD, PhD,
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

Shoshana H Ballew, PhD,
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

Aditya Surapaneni, PhD,
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

Kunihiro Matsushita, MD, PhD,
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

Henk JG Bilo, MD, PhD,

Corresponding author: Dr. Josef Coresh, MD, PhD, Johns Hopkins Bloomberg School of Public Health and the Chronic Kidney 
Disease Prognosis Consortium Data Coordinating Center, 2024 East Monument Street, Baltimore, MD 21205. ckdpc@jhmi.edu. 
Phone: 410-955-9917.
*indicates co-first authors
†indicates co-last authors

Disclosure
All authors will complete the ICMJE uniform disclosure form at www.icmje.org/coi_disclosure.pdf (available on request from the 
corresponding author)

Appendix:
CKD-PC investigators/collaborators (cohort acronyms/abbreviations are listed in Appendix S2 in the Supplement
ADVANCE: John Chalmers, Mark Woodward; CURE-CKD: Katherine Tuttle, Kenn Daratha, Radica Alicic, Sterling McPherson, 
Cami Jones; Geisinger: Alex R. Chang, Gurmukteshwar Singh, Jamie Green, H. Lester Kirchner; Maccabi: Varda Shalev, 
Gabriel Chodick; Mt Sinai BioMe: Girish N Nadkarni, Erwin P Bottinger, Ruth JF Loos, Stephen B Ellis; OLDW: John 
Cuddeback, Elizabeth Ciemins, Emily Carbonara, Stephan Dunning; Pima: Robert G. Nelson, William C. Knowler, Helen C. Looker; 
PREVEND: Ron T. Gansevoort, Lyane M Kieneker, Stephan JL Bakker, Hans L Hillege, Pim van der Harst; Rancho Bernardo: 
Simerjot K. Jassal, Jacklyn Bergstrom, Joachim Ix; RCAV: Csaba P. Kovesdy, Keiichi Sumida, Praveen Potukuchi; SCREAM: Juan J 
Carrero, Marco Trevisan, Carl Gustaf Elinder, Björn Wettermark; UK Biobank: Christoph Nowak, Johan Ärnlöv; West of Scotland: 
Patrick B Mark, Jamie P Traynor, Peter C Thomson, Colin C Geddes; ZODIAC: Henk J.G. Bilo, Gijs W.D. Landman, Kornelis J.J. 
van Hateren, Nanne Kleefstra
CKD-PC Steering Committee: Josef Coresh (Chair), Shoshana H Ballew, Ron T Gansevoort, Morgan E. Grams, Orlando Gutierrez, 
Tsuneo Konta, Andrew S Levey, Kunihiro Matsushita, Kevan Polkinghorne, Elke Schäffner
CKD-PC Data Coordinating Center: Shoshana H Ballew (Assistant Project Director), Jingsha Chen (Programmer), Josef Coresh 
(Co-Principal Investigator), Morgan E Grams (Co-Principal Investigator; Director of Nephrology Initiatives), Kunihiro Matsushita 
(Director), Yingying Sang (Lead Programmer), Aditya Surapeneni (Programmer), Mark Woodward (Senior Statistician)

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

Published in final edited form as:
Hypertension. 2021 September ; 78(4): 1042–1052. doi:10.1161/HYPERTENSIONAHA.121.17323.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.icmje.org/coi_disclosure.pdf


Diabetes Centre, Isala, and Department of Internal Medicine, University of Groningen, University 
Medical Center Groningen, Groningen, Netherlands

Juan J Carrero, PharmD, PhD,
Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, Huddinge, Sweden

Gabriel Chodick, PhD,
Medical Division, Maccabi Healthcare Services, and Sackler Faculty of Medicine, Tel Aviv 
University, Tel Aviv, Israel

Kenn B Daratha, PhD,
Providence St. Joseph Health on behalf of CURE-CKD Investigators, Spokane, WA

Simerjot K Jassal, MD, MAS,
Division of General Internal Medicine, University of California, San Diego and VA San Diego 
Healthcare, San Diego, California

Girish N Nadkarni, MD, MPH,
Department of Medicine, Division of Nephrology, Icahn School of Medicine at Mount Sinai, New 
York, New York

Robert G Nelson, MD, PhD,
National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, 
Phoenix, Arizona

Christoph Nowak, MD, PhD,
Department of Neurobiology, Care Sciences and Society, Karolinska Institutet, Stockholm, 
Sweden

Nikita Stempniewicz, MSc,
AMGA (American Medical Group Association), Alexandria, Virginia and OptumLabs Visiting 
Fellow, Eden Prairie, MN

Keiichi Sumida, MD, MPH,
Division of Nephrology, Department of Medicine, University of Tennessee Health Science Center, 
Memphis, TN

Jamie P Traynor, MD,
Glasgow Renal Transplant Unit, Queen Elizabeth University Hospital Glasgow Scotland, UK

Mark Woodward, PhD,
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

George Institute for Global Health, Australia, and George Institute for Global Health, Imperial 
College, London, United Kingdom

Yingying Sang, MSc†,
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

CKD Prognosis Consortium†

Department of Nephrology, University Medical Center Groningen, University of Groningen, 
Groningen, the Netherlands

Shin et al. Page 2

Hypertension. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Abstract

Albuminuria is an under-recognized component of chronic kidney disease (CKD) definition, 

staging, and prognosis. Guidelines, particularly for hypertension, conflict on recommendations 

for urine albumin-to-creatinine ratio (ACR) measurement. Separately among 1,344,594 adults 

with diabetes and 2,334,461 non-diabetic adults with hypertension from the CKD Prognosis 

Consortium, we assessed ACR testing, estimated the prevalence and incidence of ACR ≥30 mg/g, 

and developed risk models for ACR ≥30 mg/g. The ACR screening rate (cohort range) was 

35.1% (12.3–74.5%) in diabetes and 4.1% (1.3–20.7%) in hypertension. Screening was largely 

unrelated to the predicted risk of prevalent albuminuria. The median prevalence of ACR ≥30 

mg/g across cohorts was 32.1% in diabetes and 21.8% in hypertension. Higher systolic blood 

pressure was associated with a higher prevalence of albuminuria (odds ratio [95% CI] per 20 

mmHg in diabetes, 1.50 [1.42–1.60]; in hypertension, 1.36 [1.28–1.45]). The ratio of undetected 

(due to lack of screening) to detected ACR ≥30 mg/g was estimated at 1.8 in diabetes and 19.5 

in hypertension. Among those with ACR <30 mg/g, the median 5-year incidence of ACR ≥30 

mg/g across cohorts was 23.9% in diabetes and 21.7% in hypertension. Incident albuminuria 

was associated with initiation of renin-angiotensin-aldosterone system inhibitors (incidence-rate 

ratio [95% CI], diabetes 3.09 [2.71–3.53]; hypertension 2.87 [2.29–3.59]). In conclusion, despite 

similar risk of albuminuria to those with diabetes, ACR screening in patients with hypertension 

was low. Our findings suggest that regular albuminuria screening should be emphasized to enable 

early detection of CKD and initiation of treatment with cardiovascular and renal benefits.

Keywords

albuminuria testing; ACR; hypertension; diabetes; chronic kidney disease

Introduction

Albuminuria, most commonly measured as urine albumin-to-creatinine ratio (ACR), is a key 

component of chronic kidney disease (CKD) definition, staging, and prognosis, including 

cardiovascular events and death.1–5 The presence of pathological levels of albuminuria 

guides therapy: guidelines from the American Heart Association, Kidney Disease Improving 

Global Outcomes, and the American Diabetes Association (ADA) all recommend blockade 

of the renin-angiotensin-aldosterone system (RAAS) with an angiotensin-converting enzyme 

inhibitor (ACEI) or an angiotensin-II-receptor blocker (ARB) for all patients with diabetes 

and ACR ≥30 mg/g and all patients with hypertension and ACR ≥300 mg/g.6–8 Elevated 

levels of albuminuria are also an indication for sodium-glucose cotransporter-2 (SGLT2) 

inhibitors in patients with and without diabetes.7, 9 Therefore, early diagnosis of CKD with 

ACR ≥30 mg/g (CKD stage A2+) is important to institute effective preventative therapies.

Despite significant advances in therapies for patients with albuminuria, guidelines conflict 

on the utility of albuminuria measurement. Major diabetes guidelines recommend annual 

ACR testing7, 10, 11 with greater frequency in patients with eGFR 30–60 ml/min/1.73 

m2.7 Hypertension guidelines are inconsistent. The 2018 European Society of Cardiology/

European Society of Hypertension (ESC/ESH) guidelines recommend ACR screening for 

all patients with hypertension with annual ACR testing in patients with CKD.12 The 
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2017 American College of Cardiology/American Heart Association guidelines and 2020 

International Society of Hypertension guidelines recommend routine urine dipstick testing, 

noting that serial testing for ACR can add value as a part of optimal care.6, 13 In contrast, 

the 2013 American College of Physicians guideline recommends against routine testing 

or monitoring for albuminuria, including in adults with diabetes who are currently taking 

an ACEI or ARB.14 Given the new treatments with cardiovascular and kidney benefits 

for patients with albuminuria, low rates of albuminuria screening may impede optimal 

treatment.

We used individual-participant data from multinational cohorts from the CKD Prognosis 

Consortium (CKD-PC) with the following goals separately in participants with diabetes 

and hypertension but no diabetes: (1) to estimate ACR testing rates, and to determine if 

high-risk patients for albuminuria are more likely to be tested; (2) to estimate the prevalence 

of ACR ≥30 mg/g; (3) to estimate the 5-year incidence of ACR ≥30 mg/g; and (4) to develop 

and utilize risk prediction models for ACR ≥30 mg/g to estimate the burden of undetected 

albuminuria.

Methods

The data that support the findings of this study may be available from the corresponding 

author upon reasonable request. Under agreement with the participating cohorts, CKD-PC 

cannot share individual data with third parties, but will be able to facilitate communications 

with individual cohorts.

Study Design and Data Sources

The CKD-PC is an open, collaborative research group that currently includes >80 

participating cohorts worldwide, including both research cohorts, in which data were 

collected for clinical research, and clinical cohorts, in which data were collected in the 

course of routine clinical care.15 To be included in this study, we required cohorts to include 

participants over the age of 18 years with repeated ACR measurement (Appendix S1). 

Because ACR availability is different between people with and without diabetes, cohorts 

were divided into two analytic sets: participants with diabetes (“diabetes subcohorts”), and 

participants without diabetes but with hypertension (“hypertension subcohorts”). A total of 

31 cohorts had the requisite data, contributing as 31 diabetes subcohorts and 25 hypertension 

subcohorts. The diabetes and hypertension subcohorts were further split into development 

and validation. The Johns Hopkins Bloomberg School of Public Health Institutional Review 

Board approved this study.

Covariate Definitions

In research cohorts, diabetes was defined as fasting glucose ≥126 mg/dl, non-fasting glucose 

≥200 mg/dl, hemoglobin A1c (HbA1c) ≥6.5%, use of glucose-lowering medications, or 

self-reported diabetes. Hypertension was defined as blood pressure ≥140/90 mmHg or the 

use of antihypertensive medications. In clinical cohorts, the International Classification of 

Diseases (ICD) codes were used to define diabetes and hypertension (Appendix S1).
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Outcomes

We evaluated ACR testing at baseline in clinical cohorts, and prevalent ACR ≥30 mg/g 

among participants tested for baseline ACR in both research and clinical cohorts. Baseline 

was defined as the first visit with ACR measurement in research cohorts and in a pre­

selected two-year time window in clinical cohorts. We then evaluated incident ACR ≥30 

mg/g at 3 or 5-years after baseline, requiring that the ACR ≥30 mg/g measurements be 

“confirmed”, with at least two ACR ≥30 mg/g at any time before the end of the relevant 

time window. Analyses for incident ACR ≥30 mg/g were restricted to participants with 

baseline ACR <30 mg/g and adequate follow-up testing, which was defined as at least two 

measurements during the follow-up period, with at least one within the 2–4 year window for 

the 3-year analysis and at least one within the 4–6 year window for the 5-year analysis if all 

values were <30 mg/g.

Statistical Analyses

We performed all analyses separately within diabetes and hypertension subcohorts. Baseline 

characteristics were summarized using means and standard deviations (SDs) or medians 

and interquartile intervals (IQIs) for continuous variables and proportions for categorical 

variables. The proportion with available ACR measurements at baseline was estimated 

overall and by eGFR <60 ml/min/1.73 m2, as was the prevalence of ACR ≥30 mg/g among 

those with available baseline ACR measurements (overall, by baseline eGFR <60 ml/min/

1.73 m2, and by RAAS inhibitor use). For those with baseline ACR <30 mg/g, we estimated 

3- and 5-year cumulative incidence of ACR ≥30 mg/g, overall, by RAAS inhibitor use at 

baseline, and by RAAS inhibitor use at follow-up testing. Difference between strata was 

tested by nonparametric equality-of-medians tests.

Prediction models for prevalent ACR ≥30 mg/g as well as incident ACR ≥30 mg/g by 3- and 

5- years were developed using multivariable logistic regression in each of the development 

cohorts and then by combining estimates using random-effects meta-analysis. Covariates 

included age, sex, systolic blood pressure (SBP), RAAS inhibitor use, other antihypertensive 

medication use, history of coronary artery disease and heart failure, body mass index (BMI) 

(linear splines with a knot at 30 kg/m2), and eGFR (linear splines with three knots at 90, 60, 

45 ml/min/1.73 m2). For the diabetes subcohorts, we also included HbA1c, insulin use, and 

oral glucose-lowering medication use. Model discrimination was assessed by C-statistics 

and model calibration by plotting quintiles of observed versus predicted risk within each 

cohort.

To understand sex differences in the associations between SBP and albuminuria, we fit 

a model with an interaction term between sex and SBP. To examine Black-White racial 

differences, we used the same approach in the 13 cohorts that have information on race and 

a sufficient number of Black participants (i.e. the percentage of Black participants ≥5% and 

the number of Black participants ≥100).

To understand the burden of undetected ACR ≥30 mg/g among participants not tested for 

ACR at baseline, we applied the prediction model to participants without ACR testing in 

each cohort. To understand whether ACR testing during the baseline period (≥1 tests) and 
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follow-up (≥2 tests) differed by risk status, we plotted proportion tested within quintiles of 

predicted risk of prevalent ACR ≥30 mg/g and 3-year incident ACR ≥30 mg. Among people 

who were tested at baseline and had ACR ≥30 mg/g, we examined whether ACR retesting 

differed by ACR levels at baseline.

To evaluate the association of ACR testing results with clinical action, we estimated the 

frequency and meta-analyzed incidence rate ratio of RAAS inhibitor prescription within 1 

year after follow-up ACR testing among people who were not using RAAS inhibitors at 

the time, stratified by previous RAAS inhibitor use (never/ever during the study period 

including baseline). All analyses were performed using Stata version 14 (StataCorp). 

Statistical significance was determined using a 2-sided test with a threshold P-value of <.05.

Results

ACR Testing Rate and Prevalence of ACR ≥30 mg/g

There were 31 diabetes subcohorts included in our analyses (Table 1 & Table S1). In the 

24 general population clinical cohorts, 35.1% had ACR tested during the 2-year baseline 

window (cohort range, 12.3–74.5%) (Table 2). ACR testing rate was slightly higher among 

participants with eGFR <60 ml/min/1.73 m2 (mean, 36.9%). Median prevalence of ACR 

≥30 mg/g was 32.1% (cohort range, 8.4–56.0%). Prevalence of ACR ≥30 mg/g was higher 

among participants with eGFR <60 ml/min/1.73 m2 than those with eGFR ≥60 ml/min/

1.73 m2 (median, 48.6% vs. 28.1%, p-value<0.001) and not significantly different by 

RAAS inhibitor use (median, 35.2% vs. 30.0%, p-value=0.066) (Table S2). Testing rate 

and prevalence were similar between the 23 development and 8 validation cohorts.

There were 25 hypertension subcohorts included in our analyses (Table 3 & Table S3). 

In the 20 general population clinical cohorts, 4.1% had ACR tested during the baseline 

window (cohort range, 1.3–20.7%) (Table 2). ACR testing rate was slightly higher among 

patients with eGFR <60 ml/min/1.73 m2 (mean, 6.2%). Median prevalence of ACR ≥30 

mg/g was 21.8% (cohort range, 5.6–43.4%). Prevalence of ACR ≥30 mg/g was higher 

among participants with eGFR <60 ml/min/1.73 m2 than those with eGFR ≥60 ml/min/1.73 

m2 (median, 35.3% vs. 18.0%, p-value<0.001) (Table S2). Testing rate and prevalence were 

similar between the 18 development and 7 validation cohorts.

Prediction Model for Prevalent ACR ≥30 mg/g

Consistent risk factors for prevalent ACR included male sex, history of heart failure and 

coronary heart disease, obesity, lower eGFR, and higher systolic blood pressure (odds ratio 

[95% CI] per 20 mmHg in diabetes, 1.50 [1.42–1.60]; in hypertension, 1.36 [1.28–1.45]) 

(Table S4). There was no difference in the association between systolic blood pressure and 

prevalent albuminuria by sex or race. The prediction model of prevalent ACR ≥30 mg/g had 

a median (cohort range) C-statistic of 0.706 (0.635–0.746) in validation cohorts in diabetes 

and 0.643 (0.605–0.710) in hypertension (Table S5). Calibration varied by cohort (Figure 

S1A–B).
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ACR Screening Rate by Predicted Risk of Prevalent ACR ≥30 mg/g

Among participants with diabetes, ACR screening rates during the 2-year baseline 

period varied greatly across the different health systems and were largely not related to 

the predicted risk of prevalent ACR ≥30 mg/g (Figure 1A). Among participants with 

hypertension, ACR screening rates were uniformly low and largely unrelated to the 

predicted risk of prevalent ACR ≥30 mg/g (Figure 1B). Health systems that had high rates 

of screening in diabetes did not necessarily have high rates of screening in hypertension 

(correlation coefficient =0.32, p =0.20).

Ratio of Undetected to Detected ACR ≥30 mg/g at baseline

In the clinical cohorts, the median predicted prevalence of ACR ≥30 mg/g in participants 

without ACR measurements was 32.8% (cohort range, 25.1–66.7%) in diabetes and 22.0% 

(cohort range, 17.9–56.4%) in hypertension. The predicted prevalence in the untested group 

was similar to the observed prevalence in the tested group (33.1% (cohort range, 22.9–

56.0%) in diabetes; 22.3% (cohort range, 14.0–43.4%) in hypertension, Table S2). The ratio 

(cohort range) of undetected to detected ACR ≥30 mg/g was 1.8 (0.2–7.6) in diabetes and 

19.5 (0.8–78.3) in hypertension.

Incidence of ACR ≥30 mg/g at 3- and 5-years

Among participants with diabetes and baseline ACR <30 mg/g (Table S6–S7), the median 

(cohort range) diabetes subcohort in the development studies had a 3-year incidence of ACR 

≥30 mg/g of 12.8% (1.7–33.3%) and a 5-year incidence of 23.9% (4.3–44.8%). Incidence 

in the validation studies was similar (cohort range, 8.6–26.5% at 3 years and 18.6–29.3% 

at 5 years, respectively). Incidence was similar by RAAS inhibitor use at baseline and at 

follow-up testing (Table S8).

Among the non-diabetic participants with hypertension and baseline ACR <30 mg/g (Table 

S9–S10), the median (cohort range) hypertension subcohort in the development studies had 

a 3-year incidence of 14.8% (4.4–21.3%) and a 5-year incidence of 21.7% (3.5–31.7%). 

Incidence in the validation studies was similar (cohort range, 8.4–22.8% at 3 years and 

14.8–35.4% at 5 years, respectively). Incidence was qualitatively similar by RAAS inhibitor 

use at baseline or at follow-up testing (Table S8).

Prediction Models for Incident ACR ≥30 mg/g

Consistent risk factors for the development of albuminuria over 3- and 5-years included 

older age, male sex, history of heart failure, and lower eGFR. Higher systolic blood pressure 

was a risk factor in diabetes but not in hypertension (Table S11). There was no difference 

in the association between systolic blood pressure and albuminuria by sex or race. The 

prediction model of 3- and 5-year incident ACR ≥30 mg/g had a median (cohort range) C 

statistic of 0.630 (0.618–0.676) and 0.634 (0.606–0.676) in validation cohorts in diabetes 

and 0.653 (0.571–0.728) and 0.655 (0.475–0.737) in hypertension (Table S12). Calibration 

varied by cohort, with observed vs. predicted incidence at 3 and 5 years shown in Figure S2 

and Figure S3, respectively.
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ACR Retesting Rate by Predicted Risk of Incident ACR ≥30 mg/g

Among participants with diabetes who were tested at baseline and had ACR <30 mg/g, ACR 

retesting rates were higher than baseline screening rates but remained variable across health 

systems and unrelated to the 3-year predicted risk of incident ACR ≥30 mg/g (Figure 1C). 

Similarly, ACR retesting rates were much higher than baseline screening rates in participants 

with hypertension, highly variable across health systems, and largely unrelated to the 3-year 

predicted risk of incident ACR ≥30 mg/g (Figure 1D). Health systems that had high rates 

of retesting in diabetes tended to have high rates of retesting in hypertension (correlation 

coefficient =0.84, p<0.001). Among participants who were tested at baseline and had ACR 

≥30 mg/g, ACR retesting rates were similar to those with baseline ACR <30 mg/g and 

largely unrelated to the ACR levels at baseline in both diabetes (Figure 1E) and hypertension 

(Figure 1F).

RAAS Inhibitor Initiation after ACR ≥30 mg/g

In RAAS inhibitor naïve participants, initiation of RAAS inhibitors in the year after ACR 

testing was substantially higher in people with ACR ≥30 mg/g compared to those with 

ACR <30 mg/g (meta-analyzed incidence-rate ratio, diabetes 3.09, 95% CI 2.71–3.53; 

hypertension 2.87, 95% CI 2.29–3.59) (Figure 2). Among participants with a history of 

RAAS inhibitor use during the study period but who were not taking a RAAS inhibitor at 

the time of ACR testing, a small difference in RAAS inhibitor prescription was observed in 

diabetes but not in hypertension (meta-analyzed incidence-rate ratio, diabetes 1.10, 95% CI 

1.05–1.15; hypertension 1.00, 95% CI 0.94–1.07) (Figure S4).

Discussion

In this study spanning multiple international cohorts and including more than 3 million 

participants with diabetes or hypertension, we demonstrate extremely low ACR testing rates 

in diabetes (35.1%) and hypertension (4.1%) overall. Among tested participants, ACR ≥30 

mg/g (which defines CKD stage A2+) was common, with a median prevalence of 32.1% in 

diabetes and 21.9% in hypertension. ACR testing was unrelated to the predicted risk of ACR 

≥30 mg/g, suggesting that current albuminuria testing is not targeted toward the highest-risk 

individuals. Particularly in patients with hypertension, the burden of ACR ≥30 mg/g is likely 

far greater than currently recognized – by our estimates, undetected cases are nearly 20-fold 

higher than detected cases. The vast underdiagnosis of CKD in patients with hypertension 

has profound public health implications since an increasing number of effective therapies to 

prevent CKD-related complications are available.

Both diabetes and hypertension are well established risk factors for albuminuria. Our study 

confirms these relationships and suggests a fairly similar prevalence of CKD Stage A2+ 

in patients with hypertension compared to those with diabetes. In contrast, guidelines for 

ACR screening differ between hypertension and diabetes, which may explain in part the 

extremely low rates of ACR screening in hypertension. Guidelines suggest uncertainty about 

the clinical implications of ACR ≥30 mg/g in this setting: whereas the quantification of 

ACR directly guides therapy in patients with diabetes, with a recommendation of RAAS 

inhibitor for those with ACR ≥30 mg/g.7 The only hypertension guideline that recommends 
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universal ACR testing (the ESC/ESH) states that “the presence of a specific manifestation 

of hypertension-mediated organ damage such as CKD is now considered less important for 

the selection of drug treatment” since RAAS inhibitors are recommended as initial therapy 

for most patients with hypertension.12 However, we demonstrate the RAAS inhibitor use 

is relatively low, with only ~40% of patients with diabetes or hypertension taking this 

class of medications at baseline. Furthermore, there are new classes of medications that 

may be indicated in patients with hypertension and albuminuria, such as SGLT2 inhibitors, 

suggesting a reexamination of screening recommendations.16

Our findings represent one of the first large-scale efforts to simultaneously characterize 

incidence of ACR ≥30 mg/g in diabetes and hypertension. The range of 5-year incidence in 

diabetes subcohorts was 4.3–44.8%, similar to a Swedish national diabetes register study 

and a single diabetes center study from Japan which had 19.9% and 8.3% of 5-year 

incidence of elevated albuminuria, respectively.17, 18 Small diabetes studies reported 31–

51% of 9-year incidence.19–21 Fewer studies are available to compare the 5-year incidence 

in our hypertension subcohorts (cohort range, 3.5–35.4%). One US community-based 

cohort study of young adults reported an incidence of 8.1% over 15 years of follow-up.22 

However, most participants did not have hypertension and only 3% were on antihypertensive 

medications (mean SBP, 110 mmHg; mean age, 36 years), whereas all participants in 

the hypertension subcohorts in our study had hypertension, and more than 50% were on 

antihypertensive medications (mean SBP, 134 mmHg; mean age, 62 years).22

Although discrimination of the developed risk prediction models was only modest, we 

utilized this tool to better understand the real-world practice of ACR testing. ACR testing 

rates were not only low but also unrelated to risk, suggesting that albuminuria testing was 

not administered in a targeted fashion. Moreover, the predicted number of undetected ACR 

≥30 mg/g was far greater than the number of detected cases, particularly among non-diabetic 

patients with hypertension (nearly 20-fold and 2-fold of detected cases in hypertension 

and diabetes, respectively). These results demonstrate substantial opportunity to improve 

early identification and monitoring of kidney disease, reinforcing the need for universal 

albuminuria screening in these high-risk patient populations. In keeping with clinical 

guidelines, we observed a higher RAAS inhibitor initiation in the presence vs. absence 

of ACR ≥30 mg/g in both diabetes and hypertension. Thus, widespread use of ACR testing 

in clinical care for diabetes or hypertension can facilitate RAAS inhibitor prescription to 

patients who may benefit most. Early identification of increased albuminuria is also critical 

for better use of SGLT2 inhibitors for patients with and without diabetes.9, 23, 24

Strengths of this study include the large sample sizes of the study populations; the inclusion 

of both diabetes and hypertension subcohorts; the clinical and geographical diversity of the 

participants; and rigorous characterization of ACR testing by predicted risk of albuminuria. 

However, some limitations should also be acknowledged. There are potential sources of 

misclassification: from determining diabetes and hypertension status by ICD codes only 

in clinical cohorts; and from defining baseline albuminuria status by a single ACR level. 

By design, we were only able to measure prevalence and incidence of ACR ≥30 mg/g 

among participants who had adequate ACR measurements. We could not examine smoking, 

socioeconomic status, or duration of diabetes or hypertension as risk factors. The prediction 
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models had only modest performance, likely due to stratification on diabetes, one of the 

strongest risk factors, and they may have performed better with the addition of more 

variables (e.g., biomarkers for early kidney damage).25 We were only able to examine 

Black-White racial differences in the associations between SBP and albuminuria in a subset 

of cohorts. Lastly, recent study showed that ACR testing rates varied across not only health 

care organizations but also practice sites in diabetes,26 but we could not examine variation in 

ACR testing rates across provider types.

Perspectives

With the expanding armamentarium of effective therapies to prevent complications of 

elevated albuminuria, including SGLT2 inhibitors, early identification and monitoring of 

kidney disease is more important than ever. However, we demonstrate that real-world 

ACR testing is low, particularly among non-diabetic patients with hypertension, and testing 

was unrelated to predicted risk. Among those tested, albuminuria was common in both 

diabetes and hypertension. Thus, there are large swaths of the population with diabetes 

or hypertension with undiagnosed CKD. Our findings suggest that regular albuminuria 

screening should be emphasized for early detection of CKD and appropriate initiation of 

treatment with cardiovascular and kidney benefits.
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Novelty and Significance

What is New?

• ACR (urine albumin-to-creatinine ratio) screening rates are extremely low in 

both diabetes (35%) and hypertension (4%) and current testing is not targeted 

toward the highest-risk individuals. The predicted number of undetected ACR 

≥30 mg/g (CKD A2+) is nearly 2-fold and 20-fold of detected cases in 

diabetes and hypertension, respectively.

What is Relevant?

• With an increasing number of effective therapies to prevent CKD-related 

complications, including sodium-glucose cotransporter-2 inhibitors, there is 

substantial opportunity to improve early diagnosis of CKD for better use of 

these agents in the population with diabetes or hypertension.

Summary

• Despite similar risk of albuminuria to those with diabetes, ACR screening 

in patients with hypertension is low. Our findings suggest that regular 

albuminuria screening should be emphasized to enable early detection of 

CKD and initiation of treatment with cardiovascular and renal benefits.

Shin et al. Page 13

Hypertension. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. ACR screening rate at baseline and retesting rate among those who were tested at 
baseline in general population clinical cohorts.
ACR screening rate (≥1 during 2-year baseline period) in (A) diabetes (N=1,303,027 in 

24 cohorts) and (B) hypertension (N=2,109,486 in 20 cohorts) by the quintiles of cohort­

specific predicted probability of prevalent ACR ≥30 mg/g. ACR retesting rate (≥2 during 

4-years of follow-up) in (C) diabetes (N=280,918) and (D) hypertension (N=61,313) by the 

quintiles of cohort-specific 3-year predicted probability of incident ACR ≥30 mg/g among 

people who were tested at baseline and had ACR <30 mg/g. ACR retesting rate in (E) 

diabetes (N=148,473) and (F) hypertension (N=22,185) among people who were tested at 
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baseline and had ACR ≥30 mg/g by the quintiles of cohort-specific observed ACR levels at 

baseline.

ACR, urine albumin-to-creatinine ratio
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Figure 2. Comparison in initiation of RAAS inhibitors in the year after ACR testing by testing 
results (ACR <30 mg/g vs. ACR ≥30 mg/g) among RAAS inhibitor naïve participants.
(A) Diabetes; (B) Hypertension

ACR, urine albumin-to-creatinine ratio; RAAS, renin-angiotensin-aldosterone system; IRR, 

incidence rate ratio; CI, confidence interval
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