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Associations Between Albuminuria
and Mortality Among US Adults by
Demographic and Comorbidity Factors
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BACKGROUND: Albuminuria is a known marker of mortality risk. Whether the association between albuminuria and mortality
differs by demographic and comorbidity factors remains unclear. Therefore, we sought to determine whether albuminuria is
differentially associated with mortality.

METHODS AND RESULTS: This study included 49640 participants from the National Health and Nutrition Examination Survey
(1999-2018). All-cause mortality through 2019 was linked from the National Death Index. Multivariable-adjusted Poisson re-
gression models were used to determine whether levels of urine albumin-to-creatinine ratio (ACR) were associated with mor-
tality. Models were adjusted for demographic, socioeconomic, behavioral, and clinical factors. Mean age in the population was
46years, with 51.3% female, and 30.3% with an ACR >10mg/g. Over a median follow-up of 9.5years, 6813 deaths occurred.
Compared with ACR <10, ACR >300 was associated with increased risk of mortality by 132% overall (95% ClI, 2.01-2.68),
124% among men (95% ClI, 1.84-2.73), 158% among women (95% ClI, 2.14-3.11), 130% among non-Hispanic White adults
(95% ClI: 1.89-2.79), 135% among non-Hispanic Black adults (95% CI, 1.82-3.04), and 114% among Hispanic adults (95% ClI,
1.65-2.94). Compared with ACR <10, ACR >300 was associated with increased risk of mortality by 148% among individuals
with neither hypertension nor hypercholesterolemia (95% Cl, 1.69-3.64), 128% among individuals with hypertension alone
(95% ClI, 1.86-2.79), and 166% among individuals with both hypertension and hypercholesterolemia (95% Cl, 2.18-3.26).

CONCLUSIONS: We found strong associations between albuminuria and mortality risk, even at mildly increased levels of albu-
minuria. Associations persisted across categories of sex, race or ethnicity, and comorbid conditions, with subtle differences.
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for “abnormal albuminuria” used in clinical practice.®
However, the association of albuminuria with mor-
tality across categories of sex, race or ethnicity, and

lar and all-cause mortality, both in the general

Albuminuria is a strong predictor of cardiovascu-
population and in cohorts at high risk for car-

diovascular disease (CVD).™* In fact, there appears
to be a continuous relationship between the urine
albumin-to-creatinine ratio (ACR) and all-cause and
cardiovascular mortality, with increased risk appar-
ent at levels of albuminuria even below 30mg/g,"%%8
which has long been a commonly accepted threshold

comorbidities remains understudied in the general US
population.”#1°-2 Moreover, although screening for al-
buminuria is recommended in high-risk patients, such
as those with diabetes and hypertension,'®~'® there is
no consensus with regard to the benefit of albumin-
uria screening among the general US population and
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CLINICAL PERSPECTIVE

What Is New?

e From a population study of *50000 US adults
with a median follow-up of 9.5years, albuminu-
ria was significantly associated with an elevated
all-cause mortality risk, with subtle yet distinct
associations that persisted across categories of
sex, race or ethnicity, and the presence of hy-
pertension and hypercholesterolemia.

What Are the Clinical Implications

e Regardless of severity, albuminuria is associ-
ated with an increased risk of all-cause mortality
across a broad range of subgroups by sex, race
or ethnicity, and comorbidity status.

e Albuminuria should be considered for broad in-
clusion in risk assessment tools in the clinical
setting, especially in the setting of other cardio-
vascular risk factors.

Nonstandard Abbreviations and Acronyms

ACR albumin-to-creatinine ratio
IDR incidence density ratio
NDI National Death Index

NHANES National Health and Nutrition
Examination Survey

PY person-years

across subgroups of sex, race or ethnicity, and specific
combinations of CVD-related comorbidities. Given the
current state of population health in the United States,
with its increasing levels of diversity and high burden of
comorbidities, this represents a critical area for further
study in a diverse, nationally representative US cohort
with recent data across all categories of alouminuria.

Our study aims were to determine whether the as-
sociation between albuminuria and mortality differs
according to demographic factors (sex and race or
ethnicity) or the presence of CVD-related comorbid-
ities (hypertension and hypercholesterolemia). To do
S0, we leveraged data from the National Health and
Nutrition Examination Survey (NHANES) from 1999 to
2018 linked to the National Death Index (NDI) with up to
20vyears of mortality follow-up data.

METHODS

All data have been made publicly available by the
National Center for Health Statistics and can be accessed
at https://wwwn.cdc.gov/nchs/nhanes/Default.aspx.
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Study Sample

NHANES is a nationally representative survey assessing
the health and nutritional status of noninstitutionalized
US adults and children.”” Since 1999, this cross-
sectional survey has been conducted annually in 2-year
cycles. Surveys include household interviews in ques-
tionnaire form and physical examinations conducted in
mobile examination centers. Data for this study were
sourced from 10 NHANES cycles (1999-2018) that
included measured urine albumin and creatinine used
to define albuminuria. In order to be included in the
analytical data set, participants were required to have
complete information for serum and urine measures of
albumin and creatinine, blood pressure (BP), and a fast-
ing blood draw to measure cholesterol. The final ana-
lytical data set included a total of 49640 adults aged
>18 years who also had mortality data updated through
December 2019 (described in detail subsequently and
shown in Figure S1). NHANES protocols were approved
by the National Center for Health Statistics internal re-
view board and informed consent was obtained before
studly initiation for all participants.'®

Albuminuria

From spot urine samples, urine albumin (mg/L) was
measured using the solid-phase fluorescent immuno-
assay method.”® Urine creatinine (mg/dL) was meas-
ured by the Jaffe rate reaction using the Beckman
Synchron CX3 Clinical Analyzer through the 2005 to
2006 data cycle and the enzymatic method using the
Roche/Hitachi Modular P Chemistry Analyzer from the
2007 to 2008 cycle onward.?° The ratio of urinary alou-
min to creatinine was calculated and reported in milli-
grams per gram (mg/g). Albuminuria was subsequently
categorized into 4 levels according to the Kidney
Disease: Improving Global Outcomes guideline?®’: (1)
normal (ACR <10mg/g), (2) mildly increased (>10 and
<30), (8) moderately increased (=30 and <300), or (4)
severely increased (>300mg/g).

Mortality

The National Center for Health Statistics has made NDI
data publicly available for linkage to US-based popula-
tion surveys such as NHANES.?? NDI data are matched
with survey participants through social security num-
bers, names, birthdates, and other personal identifiable
information. NHANES data were merged with deiden-
tified NDI data with death information ascertained
through December 31, 2019. Cause-specific mortality
was classified by primary cause of death according to
International Classification of Diseases, Tenth Revision
(ICD-10) codes, including diseases of the heart, malig-
nant neoplasms, accidents, cerebrovascular diseases,
Alzheimer’s disease, diabetes, and all other causes.


https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
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Comorbidities

We classified comorbidities with the following mu-
tually exclusive categories: (1) neither hypertension
nor hypercholesterolemia, (2) hypercholesterolemia
without hypertension, (3) hypertension without hy-
percholesterolemia, or (4) hypertension and hyper-
cholesterolemia. Hypercholesterolemia was defined
as total cholesterol >240mg/dL (measured enzy-
matically from fasting blood samples) or self-reported
use of lipid-lowering medication. Based on the
Seventh Report of the Joint National Committee,??
hypertension was defined as measured systolic BP
>140mmHg, measured diastolic BP >90mmHg, or
self-reported use of antihypertensive medication. In a
supplemental analysis, hypertension was defined ac-
cording to the 2017 American College of Cardiology/
American Heart Association High Blood Pressure
Guideline (discussed subsequently).?*

Other Variables

Self-reported demographic characteristics included
age, sex, race or ethnicity, education level (<high
school, high school graduate, some college, or col-
lege graduate or higher), annual household income
(<$55000 versus $550004), marital status (yes/no),
and insurance status (yes/no). Race or ethnicity was
divided into four categories: non-Hispanic White, non-
Hispanic Black, Hispanic, and non-Hispanic other (in-
cluding Asian, Native American, Pacific Islander, and
multiracial). Self-reported health behaviors included
current smoking, consumption of >12 alcoholic bev-
erages per year, self-rated health, and any moderate
or vigorous physical activity in the past 30days, all re-
ported via standardized questionnaire.

Body mass index was calculated as measured
weight (kg)/height (m?). Diabetes was defined as (1)
self-report of diabetes or (2) diabetes medication use
or (3) measured fasting plasma glucose >126 mg/
dL. History of CVD was self-reported. We calculated
the estimated glomerular filtration rate (eGFR) using
serum creatinine values collected during the medi-
cal examination. Serum creatinine (mg/dL) was mea-
sured by the Jaffe rate method using the Beckman
Coulter UniCel DxC 880 Synchron Clinical System,
and eGFR was calculated from serum creatinine,
age, and sex using the 2021 Chronic Kidney Disease
Epidemiology Collaboration creatinine equation.?®
Due to a high proportion of missing data for certain
variables (not all questions were asked of all partic-
ipants), a category for missing data was created for
each of the following: education, annual household
income, marital status, insurance status, smoking,
alcohol consumption in the past year, self-rated
health, and history of CVD. Proportions of missing
data are reported in Table 1.
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Statistical Analysis

Demographic, behavioral, and clinical characteristics
were described overall and according to the presence
of comorbidities (hypertension and hypercholester-
olemia). We used chi-square tests and ANOVAs to test
for significant differences across groups. Next, we esti-
mated the age-standardized prevalence of albuminuria
overall and according to demographic characteristics
and the presence of comorbidities. We estimated age-
adjusted incidence rates of mortality (per 1000 person-
years [PY]) according to ACR category, overall and by
demographic characteristics and by comorbidities. We
then used a series of multivariable-adjusted Poisson
regression models to determine the incidence density
ratio (IDR) for the association between ACR category
with mortality overall, with follow-up time included as
an offset in all models. Model 1 adjusted for demo-
graphic characteristics (age, race or ethnicity, and sex)
and follow-up time. Model 2 additionally adjusted for
socioeconomic factors (education, income, marital
status, and insurance status). Model 3 additionally
adjusted for behavioral factors (smoking, alcohol con-
sumption, physical activity, self-rated health, and body
mass index). Model 4 additionally adjusted for clinical
factors (diabetes, history of CVD, hypertension, hyper-
cholesterolemia, and eGFR). We used multiplicative in-
teraction terms to test for effect modification between
ACR category with demographic characteristics (sex
and race or ethnicity) and comorbidities (hyperten-
sion and hypercholesterolemia). We considered an
alpha value of 0.10 significant for interactions. Finally,
we graphed nonparametric adjusted (Model 4) survival
curves showing the association between ACR cate-
gory and years to death for each comorbidity category.

Supplementary Analyses

We conducted several supplemental analyses. First, we
replicated our main analyses using the 2017 American
College of Cardiology/American Heart Association hy-
pertension definition.?* We also estimated the associa-
tion between albuminuria category and cause-specific
mortality. Additionally, we estimated the association
between albuminuria category and all-cause mortal-
ity stratified by other comorbidities (diabetes, obesity,
CVD) and eGFR category: <60, 60 to <90, or >90mL/
min per 1.73 m?). Finally, to provide statistical signifi-
cance for between sexes and comorbid conditions,
we estimated the association between albuminuria
categories with all-cause mortality, with the following
reference categories: men with ACR <10mg/g and in a
separate model, people without hypertension or hyper-
cholesterolemia and ACR <10mg/g. All analyses ac-
counted for the complex survey design of the NHANES
sample and were weighted using a combined 20-year
mobile examination center sample weight. Analyses
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Table 1. Characteristics of US Adults, the National Health and Nutrition Examination Survey, 1999 to 2018

Age group, y*

18-34 30.1 (29.2-31.1) 50.1 (48.9-51.4) 17.9 (16.8-19.0) 8.4 (7.5-9.5) 2.7 (21-3.3)
35-54 37.9(37.1-88.7) 38.0 (36.8-39.1) 48.1 (46.6-49.6) 37.2 (35.5-38.9) 26.5 (25.1-28.0)
55-64 15.0 (14.5-15.6) 7.2 (6.7-7.7) 19.3 (18.2-20.5) 21.9 (20.6-23.3) 27.7 (26.4-29.0)
65+ 16.9 (16.3-17.6) 47 (4.3-5.2) 14.7 (13.8-15.7) 32.5 (31.1-84.0) 431 (41.7-44.5)

Female sex* 51.3 (50.9-51.8) 52.4 (51.7-53.0) 48.5 (47.2-49.7) 50.5 (48.9-52.0) 52.2 (51.0-53.5)

Race or ethnicity*

Non-Hispanic White

68.6 (66.5-70.6)

64.8 (62.7-67.0)

73.8 (71.8-75.6)

68.3 (65.6-70.8)

73.6 (71.3-75.9)

Non-Hispanic Black | 10.6 (9.5-11.7) 10.7 (9.7-11.9) 6.1 (5.4-6.9) 15.6 (13.8-17.6) 11.5 (101-13.0)
Hispanic 141 (12.6-15.7) 171 (15.4-18.9) 13.5 (12.0-15.0) 10.3 (8.8-12.0) 8.9 (7.5-10.4)
Non-Hispanic other | 6.8 (6.2-7.4) 7.3 (6.7-8.0) 6.7 (6.0-7.5) 5.9 (5.1-6.7) 6.0 (5.2-6.9)

Education level*

<High school 17.6 (16.7-18.5) 17.2 (16.3-18.1) 14.5 (13.4-15.6) 21.2(19.9-22.6) 19.6 (18.3-21.0)
High school 24.3 (23.6-25.1) 23.5 (22.5-24.6) 22.9 (21.6-24.2) 26.9 (25.4-28.3) 26.5 (25.1-27.9)
graduate

Some college 30.9 (30.2-31.7) 31.8 (30.7-32.9) 29.8 (28.4-31.2) 29.9 (28.4-31.4) 30.4 (29.0-31.8)

College graduate +

271 (25.7-28.5)

274 (25.8-29.1)

32.8 (30.8-34.9)

22.0 (20.4-23.6)

23.4 (21.7-25.3)

Annual household income*

<$55000 47.9 (46.4-49.4) 471 (45.5-48.7) 42.2 (40.0-44.4) 53.2 (51.1-55.2) 53.0 (61.0-55.0)
$55000 + 44.4 (42.9-45.9) 45.0 (43.5-46.6) 50.5 (48.4-52.6) 39.1 (37.2-41.1) 39.4 (37.4-41.4)
Married* 54.3 (53.2-55.4) 48.1 (46.8-49.5) 62.8 (61.2-64.3) 57.7 (65.9-59.4) 60.0 (58.5-61.5)
Insured* 821 (81.2-82.9) 76.2 (75.0-77.3) 85.0 (83.8-86.2) 86.8 (85.5-87.9) 92.0 (91.2-92.8)

At least 12 alcoholic
drinks in past year*

67.4 (66.2-68.5)

67.4 (66.0-68.7)

72.3 (70.6-74.0)

63.9 (62.1-65.7)

64.1 (62.5-65.7)

Current smoker*

20.7 (20.0-21.5)

22.6 (21.7-23.6)

22.2 (20.9-23.5)

18.7 (17.5-20.0)

15.2 (14.3-16.1)

Fair or poor health®

16.8 (16.2-17.5)

11.4 (10.8-12.0)

16.1 (14.9-17.3)

23.9 (22.4-25.4)

28.1 (26.7-29.6)

Physical activity*

Moderate

28.3 (27.6-29.1)

25.0 (24.1-25.9)

31.4 (30.0-32.7)

30.4 (28.8-32.0)

33.1 (31.7-34.5)

Vigorous

30.2 (29.1-31.3)

38.8 (37.6-40.1)

29.5 (27.9-31.2)

18.5 (16.9-20.1)

14.7 (13.6-15.8)

Body mass index,
kg/m?*

28.6 (28.5-28.8)

27.4 (27.2-27.5)

28.5 (28.4-28.7)

30.8 (30.6-31.1)

30.8 (30.6-31.0)

Systolic blood
pressure, mmHg*

122.3 (122.0-122.7)

114.7 (114.4-114.9)

117.9 (117.5-118.2)

139.4 (138.8-140.1)

137.1 (136.6-137.7)

Fasting plasma
glucose, mg/dL*

104.8 (104.2-105.4)

97.8 (97.3-98.3)

106.0 (104.8-107.1)

111.4 (109.8-113.0)

118.6 (116.9-120.3)

Diabetes*

10.4 (10.0-10.8)

3.3(3.0-3.6)

9.8 (9.0-10.7)

15.6 (14.4-16.9)

27.5 (26.4-28.6)

Total cholesterol*,
mg/dL

195.6 (194.8-196.3)

181.0 (180.3-181.6)

226.0 (224.4-227.6)

188.4 (187.5-189.4)

207.7 (206.1-209.3)

Estimated glomerular
filtration rate, mL/min*

96.2 (95.8-96.6)

104.1 (103.7-104.6)

95.1 (94.56-95.7)

86.6 (86.0-87.9)

81.7 (81.1-82.3)

History of
cardiovascular
disease*

8.1 (7.7-8.5)

2.2 (2.0-2.4)

7.4 (6.7-8.2)

12.0 (11.1-12.9)

22.9 (21.6-24.1)

A missing data category was created for missing/refused/do not know responses. The following proportions of the variables were coded as missing in the
overall sample: education level: 0.1%; income: 7.7%; marital status: 3.0%; insurance status: 0.4%; alcohol consumption: 7.9%; smoking: 2.4%; health status:

0.1%; and history of CVD: 3.6%.
*Indicates characteristic differs significantly (P<0.05) by comorbidity (chi-square tests for categorical variables and ANOVAs for means).
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were conducted using SUDAAN v11.0.3 (Research
Triangle Institute, Research Triangle Park, NC).

RESULTS

The population was mostly young: 30.1% were age
18 to 34 years, 37.9% were 35 to 54 years, 15% were
55 to 64 years, and 16.9% were >65 years (Table 1).
Approximately 51% were women, 68.6% were non-
Hispanic White, 10.6% were non-Hispanic Black,
14.1% were Hispanic, and 6.8% were non-Hispanic
other. Mean body mass index was 28.6 kg/m?, mean
systolic BP was 122.3mmHg, mean fasting glucose
was 104.8mg/dL, and mean total cholesterol was
195.6mg/dL. Individuals with hypertension or hyper-
cholesterolemia were more likely to be older, non-
Hispanic White, lower income, and married; have
health insurance; report fair or poor health; have higher
body mass index, systolic BP, fasting plasma glucose,
and total cholesterol; and were more likely to have dia-
betes or a history of CVD (all P values <0.05).

Distribution of Albuminuria

The age-standardized prevalence of ACR <10, 10
to 30, 30 to 300, or >300mg/g was 69.7% (95% Cl,
69.0%-70.3%), 20.8% (95% ClI, 20.4%—-21.3%), 8.2%
(95% Cl, 7.8%-8.5%), and 1.3% (95% ClI, 1.2%-1.5%),
respectively (Figure 1). Men were more likely to have
normal ACR compared with women, and non-Hispanic
White adults were more likely to have normal ACR
compared with all other racial or ethnic groups (all P

Albuminuria and Mortality Among US Adults

values <0.05). Likewise, adults with hypercholesterol-
emia alone or with neither comorbidity were more likely
to have normal ACR compared with adults with hyper-
tension alone or with both comorbidities (P<0.05).

Age-Adjusted Associations Between
Albuminuria and Mortality

After an average follow-up of 9.9years, the age-
adjusted mortality rate per 1000 PY was 12.6 (95% Cl,
12.0-13.2) and increased across categories of albu-
minuria (ACR <10: 9.0 per 1000 PY [95% CI, 8.4-9.5];
ACR 10-30mg/g: 13.8 per 1000 PY [95% ClI, 12.9-
14.7]; ACR 30-300mg/g: 22.5 per 1000 PY [95% Cl,
21.1-24.0]; ACR =300 mg/g: 39.5 per 1000 PY [95% Cl,
34.7-44.9]; P for trend <0.01) (Figure S2). Figure 2 dis-
plays higher age-adjusted mortality rates with greater
ACR (P<0.05) across all strata of sex, race or ethnicity,
and comorbid conditions.

Multivariable-Adjusted Associations
Between Albuminuria and Mortality by
Sex and Race or Ethnicity

There was a graded association between albuminuria
and mortality (Table 2). For example, from fully adjusted
Poisson model 4, compared with ACR <10mg/g, risk
of all-cause mortality was greater by 38% (IDR, 1.38
[95% Cl, 1.29-1.48]) with ACR 10 to 30mg/g, 85% (IDR,
1.85 [95% ClI, 1.70-2.01])) with ACR 30 to 300mg/g,
and 132% (IDR, 2.32 [95% CI, 2.01-2.68]) with ACR
>300mg/g. ACR was associated with increased risk of

13 15 1.2 1.0 2.6*% 2.3* 2.1% 0.6 0.6 2.5% 4.1*
100% = >3 63 | 58
0% |22 ZAr 089 = | 10.7%| 10.3* | 95* ‘ 11.9* [ 4 g
7* 203 19.1 19
80% | 2058 Lo WY 201 | 23.0% | 222 Se
70% : 24.5%
>
S 60%
(]
S 50%
g 40%
o ° 75.4* 74.1 74.7
% so% | 697 64.1 714 | 66.6* | ea.4* | 66.3* 60.5* | 5g.6%
20%
10%
0%
Overall Men Women NHW  NHB Hispanic Other Neither HLD HTN Both
only only
Sex Race or ethnicity Comorbidities
ONormal O Mildy increased [ Moderately increased @ Severely increased

Figure 1. Age-adjusted prevalence of albuminuria by sex, race or ethnicity, and comorbidities among US adults, the
National Health and Nutrition Examination Survey, 1999 to 2018.

*Chi-square P value indicates statistically different at <0.05 for sex (ref: women), race or ethnicity (ref: NHW), and comorbidities (ref:
none). HLD indicates hypercholesterolemia; HTN, hypertension; NHB, Non-Hispanic Black; and NHW, Non-Hispanic White.
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Figure 2. Age-adjusted mortality rate according to category of albuminuria by sex, race or ethnicity, and comorbidities

among US adults, 1999 to 2019.

*Chi-square P value statistically significant at <0.05 for sex, race or ethnicity, and comorbidities. P values for trends were statistically
significant (<0.05) for all sex, race or ethnicity, and comorbidity strata. HLD indicates hypercholesterolemia; HTN, hypertension; NHB,

non-Hispanic Black; and NHW, non-Hispanic White.

mortality for all sex and race or ethnicity groups, though
with subtle, yet significant differences (P for interactions
<0.10 for sex). For example, in fully adjusted models,
compared with normal albuminuria (ACR <10mg/g),
ACR =300mg/g was associated with a 124% increased
mortality risk among men (DR, 2.24 [95% CI, 1.84-
2.73]) and 158% among women (IDR, 2.58 [95% Cl,
2.14-3.11]). Across race or ethnicity groups, effect size
differences were evident in minimally adjusted models
but not in fully adjusted models (Model 4).

Multivariable-Adjusted Associations
Between Albuminuria and Mortality by the
Presence of Comorbidities

ACR was associated with increased mortality risk
across all comorbidity categories, again with subtle,
yet significant differences (P for interactions <0.10).
For example, compared with normal albuminuria, ACR
>300mg/g was associated with a 148% increased
mortality risk among those with neither comorbidity
(IDR, 2.48 [95% CI, 1.69-3.64]), 128% among those
with hypertension alone (IDR, 2.28 [95% CI, 1.86—
2.79]), and 166% among those with both hypertension
and hypercholesterolemia (IDR, 2.66 [95% ClI, 2.18-
3.26]), Table 3. Fully adjusted survival curves displaying
these associations are shown in Figure 3.
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Sensitivity Analyses

Results from our sensitivity analysis using the 2017
American College of Cardiology/American Heart
Association hypertension definition are consistent with
our main findings (Table S1). In Table S2, we show that
higher ACR is associated with greater age-adjusted
cause-specific mortality rates for the following causes of
death: disease of the heart, cerebrovascular disease, dia-
betes, and all other causes. In Table S3, we show the as-
sociation between ACR category and all-cause mortality
stratified by other comorbidities (diabetes, obesity, CVD)
and eGFR categories. In Table S4, we show that com-
pared with men with ACR <10mg/g, risk of all-cause mor-
tality was lower among women with normal (<10mg/g) or
mildly increased (10 to <30mg/g) ACR, but higher among
women with moderately or severely increased ACR and
among all other men. Lastly, in Table S5, we show that
mortality risk was lowest among individuals without
hypertension or hypercholesterolemia and with ACR
<10mg/g compared with nearly all other groups.

DISCUSSION

In a nationally representative study, we found strong
graded associations between albuminuria and risk
of all-cause mortality across all strata of sex, race or
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Table 2. Associations of ACR Categories With All-Cause Mortality Overall and According to Sex and Race or Ethnicity

Among US Adults, 1999 to 2019

Model 1 Model 2 Model 3 Model 4
n IDR (95% ClI) IDR (95% ClI) IDR (95% ClI) IDR (95% ClI)

AIIACR, mg/g

<10 (ref) 32414 1.00 1.00 1.00 1.00

10-<30 11183 1.55* (1.45-1.67) 1.52* (1.41-1.63) 1.44* (1.34-1.54) 1.38* (1.29-1.48)

30-<300 5042 2.55* (2.36-2.75) 2.30* (2.12-2.49) 2.06* (1.90-2.23) 1.85% (1.70-2.01)

>300 1001 4.54* (3.95-5.23) 3.76* (3.28-4.31) 3.11* (2.70-3.57) 2.32* (2.01-2.68)
MenACR, mg/g

<10 (ref) 17015 1.00 1.00 1.00 1.00

10-<30 4261 1.72* (1.65-1.90) 1.56* (1.41-1.72) 1.48* (1.33-1.64) 1.43* (1.30-1.59)

30-<300 2339 2.65" (2.30-2.83) 2.28" (2.05-2.54) 2.03" (1.83-2.26) 1.83* (1.63-2.05)

>300 560 417 (3.49-4.98) 3.49" (2.94-4.14) 2.81* (2.34-3.39) 2.24* (1.84-2.73)
Women ACR, mg/g

<10 (ref) 15399 1.00 1.00 1.00 1.00

10-<30 6922 1.54* (1.38-1.72) 1.49" (1.34-1.65) 1.40* (1.27-1.54) 1.33* (1.21-1.47)

30-<300 2703 2.64* (2.35-2.97) 2.33* (2.05-2.64) 2.08" (1.84-2.35) 1.89% (1.67-2.13)

>300 441 5.07* (4.20-6.14) 4.33* (3.56-5.26) 3.74* (3.11-4.49) 2.58* (2.14-3.11)
Non-Hispanic White ACR, mg/g

<10 (ref) 14201 1.00 1.00 1.00 1.00

10-<30 4959 1.65" (1.51-1.80) 1.54* (1.41-1.67) 1.45* (1.33-1.58) 1.39% (1.28-1.52)

30-<300 2150 2.67* (2.42-2.95) 2.36* (2.13-2.62) 2.08" (1.88-2.30) 1.89* (1.71-2.09)

>300 326 4.71* (3.86-5.74) 3.81* (3.16-4.60) 3.02* (2.49-3.66) 2.30" (1.89-2.79)

Non-Hispanic Black ACR, mg/g

<10 (ref) 6685 1.00 1.00 1.00 1.00
10-<30 2062 1.59* (1.37-1.84) 1.51* (1.30-1.75) 1.42* (1.22-1.64) 1.35% (1.16-1.57)
30-<300 1129 2.10* (1.78-2.47) 1.93* (1.63-2.28) 1.72* (1.45-2.04) 1.55* (1.30-1.85)
>300 268 3.83" (3.01-4.88) 3.60* (2.79-4.65) 3.20% (2.49-4.11) 2.35" (1.82-3.04)
HispanicACR, mg/g
<10 (ref) 8562 1.00 1.00 1.00 1.00
10-<30 3152 1.40* (1.19-1.66) 1.40 (1.19-1.66) 1.33* (1.09-1.63) 1.27* (1.02-1.57)
30-<300 1355 218" (1.81-2.62) 2.12% (1.76-2.54) 1.97* (1.60-2.43) 1.68* (1.36-2.07)
=300 315 3.47* (2.67-4.52) 3.41* (2.54-4.57) 3.21* (2.33-4.42) 214* (1.65-2.94)

Non-Hispanic other ACR, mg/g

<10 (ref) 2966 1.00 1.00 1.00 1.00

10-<30 1010 1.33 (0.89-2.00) 1.28 (0.84-1.96) 119 (0.77-1.84) 1.26 (0.82-1.93)

30-<300 408 2.88* (1.87-4.44) 2.45* (1.57-3.82) 2.29* (1.46-3.61) 2.00* (1.25-3.20)
>300 92 5.02* (2.73-9.24) 4.16* (2.24-7.75) 3.56* (1.96-6.48) 2.51* (1.18-5.35)

*Indicates estimate is significant (P<0.05).

ACR indicates albumin-to-creatinine ratio; and IDR, incidence rate ratio. Model 1 is adjusted for age group, race or ethnicity (except for race-stratified), and
sex (except for sex-stratified). Model 2 is additionally adjusted for Model 1+education, income, marital status, and insurance status. Model 3 is additionally
adjusted for Model 2 +smoking, alcohol consumption, physical activity, self-rated health, and body mass index. Model 4 is additionally adjusted for Model
3+diabetes, history of cardiovascular disease, comorbidities and estimated glomerular filtration rate.

ethnicity, and comorbid conditions. We identified sub-
tle distinctions across sex and comorbidity categories.
For example, women were less likely to have normal
albuminuria (ACR <10mg/g) than men and the asso-
ciation between albuminuria and mortality was more
pronounced among women compared with men at
severely increased levels of albuminuria. Conversely,
although Black and Hispanic individuals were more
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likely to have increased albuminuria compared with
non-Hispanic White individuals, we found similar as-
sociations between albuminuria and mortality risk
across race or ethnicity groups. Finally, alouminuria
was associated with increased mortality risk across
all comorbidity categories, even at mildly increased
levels of albuminuria, with the strongest association
between albuminuria and mortality among individuals
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Table 3. Associations of ACR Categories With All-Cause Mortality According to Comorbidities Among US Adults, 1999 to

2019
Model 1 Model 2 Model 3 Model 4
n IDR (95% ClI) IDR (95% CI) IDR (95% CI) IDR (95% ClI)
Neither comorbidity ACR, mg/g

<10 17928 1.00 1.00 1.00 1.00

10-<30 4462 1.60* (1.37-1.88) 1.53* (1.31-1.80) 1.46* (1.24-1.72) 1.44* (1.22-1.69)
30-<300 1455 213% (1.72-2.64) 1.85* (1.49-2.31) 1.59* (1.27-1.99) 1.44* (1.14-1.82)
>300 138 4.20* (2.52-6.99) 3.98* (2.60-6.08) 2.83* (1.78-4.50) 2.48* (1.69-3.64)

Hypercholesteremia only ACR, mg/g

<10 6302 1.00 1.00 1.00 1.00

10-<30 1828 1.59* (1.32-1.92) 1.52* (1.25-1.83) 1.43" (119-1.72) 1.39* (1.14-1.69)
30-<300 610 2.09* (1.63-2.67) 1.95* (1.52-2.50) 1,717 (1.31-2.21) 1.60* (1.22-2.11)
>300 80 2.09* (1.12-3.91) 1.74 (0.92-3.30) 1.47 (0.78-2.78) 1.26 (0.68-2.33)

Hypertension only ACR, mg/g

<10 3616 1.00 1.00 1.00 1.00
10-<30 2053 1.58" (1.38-1.81) 1.49* (1.30-1.72) 1.38* (1.19-1.59) 1.37* (1.19-1.58)
30-<300 1215 2.39" (2.07-2.76) 2.19* (1.89-2.593) 1.98* (1.72-2.26) 1.84* (1.60-2.12)
>300 287 3.93" (3.19-4.85) 3.19" (2.56-3.96) 2.88* (2.34-3.54) 2.28* (1.86-2.79)
Both comorbidities ACR, mg/g
<10 4568 1.00 1.00 1.00 1.00
10-<30 2840 1.51* (1.35-1.69) 1.42* (1.28-1.58) 1.38* (1.24-1.54) 1.37* (1.22-1.59)
30-<300 1762 2.73* (2.42-3.09) 2.44* (217-2.75) 2.25* (2.00-2.53) 212* (1.89-2.38)
>300 496 4.50" (3.68-5.51) 4.00* (3.30-4.86) 3.39" (2.77-4.14) 2.66* (2.18-3.26)

ACR indicates albumin-to-creatinine ratio; and IDR, incidence density ratio. Model 1 is adjusted for age group, race or ethnicity, and sex. Model 2 is
additionally adjusted for Model 1+education, income, marital status, and insurance status. Model 3 is additionally adjusted for Model 2 +smoking, alcohol
consumption, physical activity, self-rated health, and body mass index. Model 4 is additionally adjusted for Model 3 + diabetes, history of cardiovascular disease,

and estimated glomerular filtration rate.
*Indicates estimate is significant (P<0.05).

with  ACR >300mg/g and both hypertension and
hypercholesterolemia.

Although ACR >30mg/g has been established as
a marker of kidney disease and risk of progression to
end-stage kidney disease,?®28 ACR across the en-
tire spectrum is increasingly being studied as an in-
dependent predictor of all-cause and CVD mortality.
The association between albuminuria and mortality
has been demonstrated in general population co-
horts with and without diabetes, in diabetic patients
without cardiovascular disease, and in other high-risk
groups.2®2%29-35 For example, a large meta-analysis
that included data from NHANES Il (1988-1994)
demonstrated that an ACR as low as 10mg/g is asso-
ciated with an increased risk of mortality, independent
of eGFR and conventional risk factors. Our study ex-
tends these older findings to the US population using
recent data and confirms a strong independent associ-
ation between elevated ACR and mortality. An ACR as
low as 10 to 30mg/g is associated with a significantly
increased mortality risk compared with ACR <10mg/g
across all categories of sex, race or ethnicity, presence
or absence of comorbidities (hypertension, hypercho-
lesterolemia, diabetes, obesity, CVD), and eGFR strata.

J Am Heart Assoc. 2023;12:e030773. DOI: 10.1161/JAHA.123.030773

We found a higher prevalence of increased albu-
minuria among women than men, consistent with prior
studies. It has been proposed that sex-specific cutoffs
be used to define increased albuminuria, with higher
ACR thresholds in women due to sex differences in
urine creatinine excretion.3637 Findings from the Chronic
Kidney Disease Prognosis Consortium demonstrated
sex differences in the association between albumin-
uria and all-cause mortality, such that the slope of the
risk relationship for all-cause mortality was steeper in
women than in men.'® It has been postulated that al-
buminuria may reflect more advanced microvascular
disease among women and may contribute to early
mortality after CVD events and other sex-related dis-
parities in CVD outcomes.'®%8 In our study, though we
found more pronounced associations between albu-
minuria and mortality among women compared with
men at higher levels of ACR (ie, severely increased
albuminuria), the overall associations were similar and
were independent of eGFR and typical risk factors.

Corroborated by other studies,3®4° Black adults
had higher rates of albuminuria compared with non-
Hispanic White adults. Findings from the Reasons for
Geographic and Racial Differences in Stroke study
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Figure 3. Adjusted survival curves showing the associations between categories of ACR and all-cause mortality according

to comorbidities among US adults, 1999 to 2019.

*Log-rank test for differences between groups was significant (P<0.01). ACR_4cat indicates albumin-to-creatinine ratio in 4 levels
according to the Kidney Disease: Improving Global Outcomes guideline.

showed stronger associations between ACR with CVD
among Black compared with White individuals.04
In contrast, a meta-analysis' and an analysis of the
US community-based ARIC (Atherosclerosis Risk in
Communities) Study™ found that the association be-
tween albuminuria and cardiovascular and all-cause
mortality risk did not differ between Black versus White
individuals. Our study, consistent with ARIC, extends
these findings to a diverse, nationally representative
sample of the general US population and indicates
that the association between increasing levels of albu-
minuria and increased mortality risk is equally strong
across race and ethnicity groups.

The current findings showing that the association
between albuminuria and mortality is more pronounced
in individuals with both hypertension and hypercholes-
terolemia support albuminuria as a marker of systemic
vascular dysfunction.'52° The leading theory describing
this interaction highlights the glomeruli as a window to

the state of the vasculature, where albuminuria is ac-
companied by diffuse endothelial dysfunction and al-
tered hemostasis, fibrinolysis, leukocyte adhesion, and
nitric oxide synthesis, all key components in the initia-
tion and progression of atherosclerosis and cardiovas-
cular events.*~# Though a prior meta-analysis found a
stronger association between albuminuria and mortality
among individuals without hypertension than in those
with hypertension,'? our current findings are biologically
plausible and highlight the importance of albuminuria
as a marker of risk across subgroups with and without
relevant comorbidities. Importantly, we found that albu-
minuria was associated with increased risk of all-cause
mortality independent of diabetes status, obesity, or
history of CVD and across all eGFR categories. These
results further highlight the importance of albuminuria as
a marker of risk in both low- and high-risk populations.
In conjunction with a prior meta-analysis,*® our re-
sults support the use of ACR as a powerful marker
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of future risk in the general population and among
those with comorbidities, particularly those individu-
als with both hypertension and hypercholesterolemia.
Current US guidelines recommend ACR monitoring
in patients with diabetes in the management of dia-
betic kidney disease,'®'® suggesting optional testing
among those with hypertension.?* However, the 2018
European Society of Cardiology and European Society
of Hypertension Guidelines for the management of ar-
terial hypertension'® and the 2021 European Society
of Cardiology Guidelines on CVD prevention'* recom-
mend measurement of ACR in all patients with hyper-
tension. The present findings showing an increased
risk of mortality across all levels of albuminuria and
all categories of sex, race or ethnicity, comorbidities
(hypertension, hypercholesterolemia, diabetes, obe-
sity, CVD), and eGFR strata suggest a benefit for ACR
monitoring among a broad subset of the general pop-
ulation, regardless of comorbidity status. The optimal
approach to identifying individuals at risk for increased
albuminuria, and the benefit of clinical interventions
among those with even mildly increased albuminuria,
warrants further study. In current practice, this is espe-
cially relevant due to the emergence of cost-effective
therapies such as sodium-glucose cotransporter-2 in-
hibitors that reduce albuminuria and the risk of adverse
kidney and cardiovascular outcomes among patients
at increased risk, including those with history of CVD,
heart failure, or chronic kidney disease, with or without
diabetes.*®% In fact, a recent study has shown that
screening for albuminuria in the general US population,
followed by treatment if indicated, is cost effective.®’

In addition, our findings highlight the remarkable
increase in absolute mortality risk among individuals
with hypertension alone or with both hypertension and
hypercholesterolemia across all categories of albumin-
uria, compared with individuals with neither comorbid-
ity or with hypercholesterolemia alone. Surprisingly, we
did not find a strong association between albuminuria
and mortality among individuals with high cholesterol
alone. Though the lack of significant findings could
be attributed to a low sample size, absolute mortal-
ity rates among individuals with high cholesterol alone
were similar to rates observed among individuals with
neither hypertension nor high cholesterol (as shown
in Figure 2). In fact, prior research has noted a J- or
U-shaped association between total cholesterol and
mortality among patients with ischemic stroke, acute
coronary syndrome, chronic kidney disease, and gen-
eral population cohorts.®-%5 Such a “cholesterol par-
adox” may be explained by factors such as systemic
inflammation and malnutrition that are strongly associ-
ated with higher mortality and lower cholesterol levels.
For example, among patients with CKD, the cytokine
response to chronic inflammation, mediated by tumor
necrosis factor-a and interleukin-6, leads to increased
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catabolism, hypocholesterolemia, and progressive
atherosclerosis, resulting in attenuated or even in-
verse associations between cholesterol and mortal-
ity.5%6 In contrast, hypertension, whether alone or in
the presence of hypercholesterolemia, is associated
with markedly increased mortality risk. Overall, this has
important public health implications for the large pro-
portion of US adults with hypertension (>100 million, or
nearly half of US adults),®” who are at an increased risk
of experiencing adverse cardiovascular outcomes but
are not universally included in US guideline recommen-
dations or protocols for ACR monitoring. In particular,
the identification of increased albuminuria may affect
the decision to initiate antihnypertensive therapy in an
individual with stage 1 hypertension not otherwise
meeting criteria for pharmacologic therapy according
to current hypertension treatment guidelines.®

The current study is not without limitations. First,
the presence of albuminuria was denoted by a ran-
dom single spot measurement rather than a 24-hour
urine collection or multiple spot samples over time.
ACR measured on random urine samples may slightly
overestimate the prevalence of albuminuria.>® However,
comparisons between early morning void ACR and 24-
hour urinary albumin excretion have demonstrated that
despite occasional under- or overestimation of albumin-
uria, early morning void ACR correlates with mortality
risk,%® suggesting that the same may be true for random
single spot measurements. Further, the initial assess-
ment of albuminuria using a random urine sample rather
than an early morning void ACR reflects current clini-
cal practice. In addition, because of the cross-sectional
design of NHANES, we were unable to account for
changing levels of albumin excretion over time. Finally,
although the NDI is accurate in ascertaining vital sta-
tus,® it is less accurate in identifying cause of death.
However, our primary outcome of interest was all-cause
mortality, and NDI-derived versus expert-adjudicated
overall mortality rates appear to be highly consistent.®°
Despite these limitations, the present study has many
strengths. Most notably, we aggregated 20years’ worth
of data resulting in a large sample representative of the
US population with linkage to death information. With
complete information on serum and urine creatinine, BP,
and fasting cholesterol, we were able to examine the
impact of even mildly increased albuminuria and stratify
by important demographic and clinical factors. Further,
we were able to complete various sensitivity analyses,
including an analysis incorporating the 2017 American
College of Cardiology/American Heart Association
High Blood Pressure Guideline hypertension definition.
Finally, extensive longitudinal data from the NDI allowed
us to assess cause-specific mortality data, opening
doors for future studies of associations between albu-
minuria and mortality in specific subgroups according
to vascular-related cause of death.
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CONCLUSIONS

In summary, in a nationally representative study, we
found strong graded associations between albumi-
nuria and all-cause mortality, even at mildly increased
levels of albuminuria, across categories of sex, race or
ethnicity, and CVD-related comorbidities. Associations
were more pronounced among women in comparison
with men and among those with hypertension and
hypercholesterolemia. Thus, the presence of albu-
minuria identifies individuals across a broad range of
subgroups by sex, race or ethnicity, and comorbidi-
ties who are at increased risk of all-cause mortality and
may benefit from more aggressive risk factor modifica-
tion to help reduce long-term adverse health outcomes
and mortality risk. However, the optimal approach to
clinical interventions, particularly among those with
mildly increased albuminuria, remains to be eluci-
dated. These findings have potentially important impli-
cations for risk assessment in clinical practice and for
albuminuria monitoring guidelines in the United States.
Whether the implementation of broader albuminuria
screening will translate into improved survival, and the
cost-effectiveness of such an approach, are important
areas for further study.
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