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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% CIl], 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=> 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-l1-receptor blocker (ARB) for all patients with diabetes
and ACR =30 mg/g and all patients with hypertension and ACR =300 mg/g.%-8 Elevated
levels of albuminuria are also an indication for sodium-glucose cotransporter-2 (SGLT2)
inhibitors in patients with and without diabetes.”- © 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 testing”- 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.5: 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.1* 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.

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.1® 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 Alc (HbAlc) =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).

Hypertension. Author manuscript; available in PMC 2022 September 01.
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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 (1QIs) 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 m>2). 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.

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 m? (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 m? (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 m? (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 m?2 than those with eGFR =60 ml/min/1.73
m? (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 naive 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.” The only hypertension guideline that recommends

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



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shin et al.

Page 9

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.1’: 18 Small diabetes studies reported 31—
51% of 9-year incidence.1%-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.®: 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).2> 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,25 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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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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?

Summary

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.

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.
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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 naive participants.

(A) Diabetes; (B) Hypertension
ACR, urine albumin-to-creatinine ratio; RAAS, renin-angiotensin-aldosterone system; IRR,
incidence rate ratio; Cl, confidence interval
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