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Introduction: Coffee is one of the most frequently consumed beverages worldwide and has been found to

have a wide assortment of health benefits. Although habitual coffee consumption is associated with a

lower incidence of chronic kidney disease, an association between coffee and acute kidney injury (AKI) has

not yet been revealed.

Methods: In the Atherosclerosis Risk in Communities (ARIC) Study, a prospective cohort study of 14,207

adults aged 45 to 64 years, coffee consumption (cups/d) was assessed at a single visit via food frequency

questionnaires and compared with incident AKI defined by hospitalization with an AKI-related Interna-

tional Classification of Diseases code.

Results: In ARIC, there were 1694 cases of incident AKI in a median of 24 follow-up years. Higher coffee

consumption was associated with lower AKI risk versus no consumption (hazard ratio [HR] <1 cup/d: 0.92

[95% CI: 0.79–1.08]; 1 cup/d: 1.08 [95% CI: 0.94–1.24]; 2 to 3 cups/d: 0.83 [95% CI: 0.72–0.95]; >3 cups/d: 0.83

[95% CI: 0.71–0.96]; reference: never, P ¼ 0.003). Trends for AKI risk across coffee categories remained

significant after multivariable adjustment for age, sex, race-center, education, total daily energy intake,

physical activity, smoking, alcohol intake, diet quality (Dietary Approaches to Stop Hypertension [DASH]

score), systolic blood pressure (BP), diabetes status, use of antihypertensive agents, estimated glomerular

filtration rate (eGFR), and body mass index (BMI) (P ¼ 0.02).

Conclusion: Higher coffee intake was associated with a lower risk of incident AKI and could present an

opportunity for cardiorenal protection through diet. Further evaluation of the physiological mechanisms

underlying the cardiorenal protective effects of coffee consumption is necessary.
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offee, one of the most often consumed beverages
worldwide, contains a wide variety of compounds,

including caffeine, diterpenes, and chlorogenic acid,
which fully develop after the bean roasting process and
are reported to have an assortment of health benefits.1
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Habitual coffee consumption is associated with the
prevention of chronic and degenerative diseases,
including type 2 diabetes, cardiovascular disease, and
liver disease.1–4 ARIC, a large population study of
14,207 participants aged 45 to 64 years, revealed that
higher self-reported daily coffee consumption was
associated with a lower risk of incident chronic kidney
disease after adjustments were made for demographic,
clinical, and dietary factors.5 Thus, habitual coffee
consumption has a strong potential for reducing the
risk of progressive kidney disease.
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Figure 1. Flow diagram of study participants for the ARIC study. ARIC, Atherosclerosis Risk In Communities study; BMI, body mass index; CKD;
chronic kidney disease; DASH diet score, Dietary Approaches to Stop Hypertension diet score; eGFR, estimated glomerular filtration rate; MD,
Maryland; MN, Minnesota; serum Cr, serum creatinine.
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The most often studied compound in coffee is
caffeine, a methylxanthine alkaloid and an adenosine
receptor antagonist that significantly alters kidney
function by rapid-acting mechanisms, including
modification of the renin-angiotensin-aldosterone sys-
tem, baseline renal plasma flow, hemodynamics, and
natriuresis.6,7 Caffeine also inhibits sodium reabsorp-
tion in the proximal and distal tubules of the kidney,
thus increasing solute and free water excretion,8 and
has been postulated to fully inhibit the local tubule-
glomerular feedback response to increase distal so-
dium delivery.9 Other less-studied bioactive
compounds in coffee including chlorogenic acids,
chlorogenic acid lactones, p-coumaric acid, nicotinic
acid, theobromine, and trigonelline10,11 must also be
considered as potential contributors to coffee’s car-
diorenal protective effects, as many of these poly-
phenol compounds are potent plant-based antioxidants
that have been found to improve generalized inflam-
mation and oxidative stress,12 key factors in the
development of AKI.13,14 For these reasons, coffee
consumption may also mitigate the risk for developing
AKI, yet it is unclear which individuals will experience
the strongest cardiorenal protective effects.

We aimed to assess associations between coffee con-
sumption and incident AKI in a large, diverse popula-
tion of middle-aged adults and hypothesized that
habitual coffee consumption would be associated with a
lower risk of incident AKI because of the cardiorenal
protective properties of both coffee and caffeine.

METHODS

Participants

The ARIC study included a cohort of 15,792 adults
aged 45 to 64 years from 4 different US communities
2

recruited from 1987 to 1989. Participants completed 7
subsequent follow-up visits. The study protocol was
approved at each study site, and all participants were
provided written documentation of informed consent.
After exclusions, a total of 14 207 study participants
were included in our analysis (Figure 1).

Coffee Consumption Assessments

Coffee consumption was assessed by self-report using a
semiquantitative food frequency questionnaire
involving 66 questions administered by a trained
interviewer at visit 1 (1987–1989). Participants re-
ported their average frequency of consumption of an 8-
oz cup of regular coffee over the preceding year with
the following choices: almost never; 1 to 3 cups/mo; 1
cup/wk; 2 to 4 cups/wk; 5 to 6 cups/wk; 1 cup/d; 2 to 3
cups/d; 4 to 6 cups/d; and >6 cups/d. We collapsed the
aforementioned 9-category variable into a 5-category
variable with the following choices: never (including
participants who indicated “almost never” coffee
consumption); <1 cup/d (including participants who
indicated “1–3 cup/mo,” “1 cup/wk,” “2–4 cups/wk,”
and “5–6 cups/wk”); 1 cup/d; 2 to 3 cups/d; and >3
cups/d (including participants who indicated “4–6
cups/d” and “>6 cups/d”).

Outcomes and Covariates Assessed

Incident AKI was defined as a hospitalization including
an International Classification of Diseases code indi-
cating AKI during the follow-up period. The eGFR was
calculated with the 2009 Chronic Kidney Disease
Epidemiology Collaboration equation using serum
creatinine measured by the modified kinetic Jaffé
method. Diabetes was defined as baseline fasting
blood glucose $126 mg/dl; random blood glucose
Kidney International Reports (2022) -, -–-
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$200 mg/dl; self-reported history of a physician
diagnosis of diabetes; or use of any antihyperglycemic
medication in the preceding 2 weeks. Hypertension
was defined as follows: systolic BP (SBP) $140 mm Hg;
diastolic BP (DBP) $90 mm Hg; or use of any antihy-
pertensive medication in the preceding 2 weeks.

Adjustments were made for demographics, life-
style, and clinical factors, including age, sex, race,
smoking status, physical activity level (scored from 1
[low] to 5 [high] based on time and intensity dedi-
cated to sports and nonsport leisure exercise), alcohol
intake status (never, former, current moderate [<1
drink/d for women or <2 drinks/d for men], or
current heavy [$1 drink/d for women or $2 drinks/
d for men]), education level, SBP, DBP, fasting blood
glucose, eGFR, diabetes status, hypertension status,
use of antihypertensive medication, and study cen-
ter.15 Race and study center were combined as a
single variable, as racial distributions across study
centers were nonuniform. As a general measure of
diet quality, a DASH diet score16 was calculated
based on a summation of the following criteria, each
scored from 1 (low) to 5 (high) and based on ranked
distribution in quintiles: high intake of whole grains,
fruits, vegetables, nuts and legumes, and low-fat
dairy; and low intake of sodium, red and processed
meat, and sweetened beverages. Total daily energy
intake was reported in kcal/d.

Statistical Analysis

We report demographic and clinical risk factors per
predetermined categories of self-reported habitual cof-
fee consumption. Detailed statistical analyses proced-
ures were previously reported.5 Cox proportional
hazards regression models were used to estimate HRs
and 95% CIs for incident AKI per coffee consumption
categories. We present comparisons of individuals who
report previously consuming coffee to those who report
never having consumed coffee. We also evaluated the
following models: model 1 was unadjusted (i.e., no
covariates); model 2 was adjusted for demographic
characteristics (age, sex, race-center), education as a
proxy for socioeconomic status, dietary factors (total
energy intake and DASH diet score as a measure of diet
quality), and health-related behaviors (physical activity,
smoking status, and alcohol intake status); and model 3
was adjusted for model 2 variables in addition to po-
tential mediating factors that could contribute to the
relationship between coffee and AKI (SBP, diabetes
status, antihypertensive medication use, baseline eGFR,
and BMI).We tested interaction terms between potential
effect modifiers (i.e., sex, smoking, diabetes, race,
physical activity, and DASH diet score) and coffee
consumption on incident AKI using the likelihood ratio
Kidney International Reports (2022) -, -–-
test. We assessed the proportionality assumption in
cause-specific models based on Schoenfeld residuals. P
values were calculated for trends across coffee con-
sumption categories using an ordinal variable corre-
sponding to the categories of coffee consumption.
Statistical significancewas set a priori atP< 0.05, and all
P values were 2-tailed. Analyses were performed using
Stata version 16.1 (StataCorp, College Station, TX).

RESULTS

Baseline Characteristics

We provide data from 14,207 adult participants with the
following self-endorsed coffee drinking habits: 27%
never drank coffee; 14% drank <1 cup/d; 19% drank 1
cup/d; 23% drank 2 to 3 cups/d; and 17% drank >3
cups/d (Table 1 and Figure 1). Coffee consumption was
highest in males, individuals of White race/ethnicity,
current smokers, and people without a concurrent dia-
betes diagnosis. Individuals with lower BMI, SBP, and
DBP, and fasting blood glucose and people with a higher
total energy intake per day were also more likely to
consume more coffee. eGFR was slightly lower for
higher categories of coffee consumption (P < 0.001).

Association Between Coffee Consumption and

AKI

A total of 1694 AKI events were recorded for all study
participants throughout a median of 24 years of follow-
up. Any frequency of coffee consumption was associ-
ated with a lower risk of incident AKI compared with
abstention from coffee consumption (Table 2). The
cumulative proportions of participants experiencing
AKI events at each of the self-reported coffee con-
sumption categories over time are presented in
Figure 2. After accounting for demographic character-
istics (age, sex, race-center), socioeconomic status (ed-
ucation), lifestyle factors (physical activity, smoking,
alcohol intake status), and other dietary factors (total
energy intake, DASH diet score), there was a 15%
lower risk of AKI for those who consumed any coffee
versus never (model 2 HR: 0.85, 95% CI: 0.76–0.94,
P ¼ 0.002). The results were slightly attenuated but
remained statistically significant after accounting for
potential mediators of the association between coffee
and AKI (i.e., SBP, diabetes status, use of antihyper-
tensive medications, eGFR, and BMI) (model 3 HR:
0.89, 95% CI: 0.80–0.99, P ¼ 0.03).

Analysis of more specific coffee consumption cate-
gories revealed statistically significant trend for lower
AKI risk with a higher frequency of coffee consumption
in all 3 models (model 1: P ¼ 0.003, model 2: P < 0.001,
model 3: P¼ 0.02) (Table 3). In model 2, which adjusted
for demographic factors, education, dietary factors, and
health behaviors, there was a 22% to 23% lower risk of
3



Table 1. Baseline demographic characteristics of participants in the ARIC study according to categories of coffee consumption

Baseline characteristics

Coffee consumption categories

P valueNever (n ¼ 3792) <1 cup/d (n ¼ 1948) 1 cup/d (n ¼ 2710) 2--3 cups/d (n ¼ 3323) >3 cups/d (n ¼ 2434)

Age (yr) 54 � 6 54 � 6 55 � 6 54 � 6 54 � 6 <0.001

Sex, % female 2382 (62.8) 1045 (53.6) 1558 (57.5) 1739 (52.3) 1178 (48.4) <0.001

Race, % black 1313 (34.6) 459 (23.6) 1007 (37.2) 581 (17.5) 157 (6.5) <0.001

Education level (%)

Less than high school 916 (24.2) 394 (20.2) 822 (30.3) 654 (19.7) 448 (18.4) <0.001

High school or equivalent 1524 (40.2) 816 (41.9) 1006 (37.1) 1430 (43.0) 1089 (44.7)

College or above 1352 (35.7) 738 (37.9) 882 (32.6) 1239 (37.3) 897 (36.9)

Center (%)

Forsyth County, NC 854 (22.5) 475 (24.4) 755 (27.9) 998 (30.0) 596 (24.5) <0.001

Jackson, MS 1144 (30.2) 399 (20.5) 912 (33.7) 535 (16.1) 132 (5.4)

Minneapolis, MN 814 (21.5) 568 (29.2) 396 (14.6) 899 (27.1) 1047 (43.0)

Washington County, MD 980 (25.8) 506 (26.0) 647 (23.9) 891 (26.8) 659 (27.1)

Physical activity index scorea 2.4 � 0.8 2.5 � 0.8 2.4 � 0.8 2.5 � 0.8 2.5 � 0.8 <0.001

Smoking status (%)

Never smoker 1990 (52.5) 944 (48.5) 1238 (45.7) 1231 (37.0) 553 (22.7) <0.001

Former smoker 1073 (28.3) 631 (32.4) 856 (31.6) 1199 (36.1) 843 (34.6)

Current smoker 729 (19.2) 373 (19.2) 616 (22.7) 893 (26.9) 1038 (42.7)

BMI (kg/m2) 28 � 6 28 � 5 28 � 6 27 � 5 27 � 5 <0.001

Total energy intake (kcal/d) 1561 � 594 1592 � 581 1614 � 595 1630 � 586 1728 � 619 <0.001

DASH diet score (8–40) 25 � 5 24 � 5 24 � 5 24 � 5 24 � 5 <0.001

SBP (mm Hg) 123 � 19 121 � 18 123 � 19 120 � 18 117 � 17 <0.001

DBP (mm Hg) 75 � 11 74 � 11 75 � 12 73 � 11 71 � 11 <0.001

MAP (mm Hg) 91 � 13 90 � 12 91 � 13 89 � 12 87 � 12 <0.001

Diabetes (%) 465 (12.3) 208 (10.7) 337 (12.4) 304 (9.2) 143 (5.9) <0.001

Hypertension (%) 1464 (38.6) 673 (34.6) 1100 (40.6) 990 (29.8) 549 (22.6) <0.001

Antihypertensive medication (%) 1299 (34.3) 608 (31.2) 962 (35.6) 851 (25.6) 472 (19.4) <0.001

ACE inhibitors (%) 130 (3.4) 52 (2.7) 95 (3.5) 78 (2.4) 55 (2.3) 0.005

Fasting blood glucose (mmol/l) 6.0 � 2.1 5.9 � 1.7 6.1 � 2.1 5.9 � 1.8 5.7 � 1.4 <0.001

Serum creatinine (mmol/l) 95.3 � 16.1 96.6 � 16.1 96.3 � 16.1 96.7 � 15.7 96.0 � 14.9 0.001

Serum potassium (mmol/l) 4.4 � 0.5 4.4 � 0.5 4.3 � 0.5 4.5 � 0.5 4.6 � 0.5 <0.001

Serum magnesium (mmol/l) 0.8 � 0.1 0.8 � 0.1 0.8 � 0.1 0.8 � 0.1 0.8 � 0.1 <0.001

eGFR (ml/min per 1.73 m2) 104 � 15 103 � 15 104 � 15 102 � 13 102 � 12 <0.001

Alcohol intake status (%)b

Never 1309 (34.5) 478 (24.5) 809 (29.9) 629 (18.9) 286 (11.8) <0.001

Former 742 (19.6) 317 (16.3) 525 (19.4) 554 (16.7) 471 (19.4)

Current (moderate) 256 (6.8) 177 (9.1) 222 (8.2) 407 (12.3) 345 (14.2)

Current (heavy) 1485 (39.2) 976 (50.1) 1154 (42.6) 1733 (52.2) 1332 (54.7)

ACE, angiotensin-converting enzyme; ANOVA, analysis of variance; DASH, Dietary Approaches to Stop Hypertension; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration
rate; MAP, mean arterial pressure; SBP, systolic blood pressure; UACR, urinary albumin-to-creatinine ratio.
aThe physical activity index included considerations of both time and intensity of the exercise or sporting activity completed during leisure time, with scores ranging from 1 (lowest) to 5 (highest).
bModerate alcohol intake was defined as follows: <1 alcoholic beverage per day for women or <2 alcoholic beverages per day for men. Heavy alcohol intake was defined as $1
alcoholic beverage per day for women or $2 alcoholic beverages per day for men.
Data for categorical variables are presented as n (%) and were analyzed by c2 tests. Data for continuous variables are presented as mean � SD and were analyzed by ANOVA test.
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AKI for those who consumed >2 cups/d of coffee rela-
tive to never consumers (HR for 2 to 3 cups/d: 0.77 [95%
CI: 0.67–0.89] and >3 cups/d: 0.78 [95% CI: 0.67–0.89];
P for trend < 0.001). After accounting for all factors in
model 2 in addition to potential mediating factors (SBP,
diabetes status, use of hypertensive medications, eGFR,
and BMI) in model 3, the results were attenuated but the
trend remained statistically significant (HR for 2–3 cups/
d 0.83 [95% CI: 0.72–0.95]; >3 cups/d: 0.88 [95% CI:
0.75–1.04]; P for trend ¼ 0.02).

DISCUSSION

In ARIC, higher amounts of average daily coffee con-
sumption were associated with a lower risk of incident
4

AKI. Coffee consumption was highest in males, White
participants, smokers, individuals without diabetes,
and people with lean BMIes, normal BP, and higher
total energy intake per day. When we adjusted for age,
sex, race-center, education, total energy intake, phys-
ical activity, smoking, alcohol intake, diet, BP, diabetes
status, use of antihypertensive medication, kidney
function, and BMI, individuals who consumed any
amount of daily coffee still had an 11% lower risk of
developing AKI compared with individuals who had
never consumed coffee. AKI risk reduction was dose-
dependent, with the most substantial reductions
observed in the group that consumed 2 to 3 cups/d of
coffee. The underlying mechanism for this may be that
Kidney International Reports (2022) -, -–-



Table 2. Risk for AKI in adult participants from the ARIC study for
those consuming any amount of coffee versus never consuming
coffee

Outcome

Coffee consumption categories

P valueNever (n ¼ 3792) Any (n ¼ 10,415)

AKI events (n) 478 1 216

Incidence (per 1000 person-yr) 6.0 (5.5–6.6) 5.5 (5.2–5.8)

Model 1 1 (reference) 0.91 (0.82–1.01) 0.07

Model 2 1 (reference) 0.85 (0.76–0.94) 0.002

Model 3 1 (reference) 0.89 (0.80–0.99) 0.03

AKI, acute kidney injury; ARIC, Atherosclerosis Risk In Communities; DASH, Dietary
Approaches to Stop Hypertension.
Model 1: Unadjusted (no covariates).
Model 2: Variables include age, sex, race-center, education, total energy intake,
physical activity, smoking, alcohol intake status, and DASH diet score.
Model 3: All model 2 variables plus systolic blood pressure, diabetes status, use of
antihypertensive medications, estimated glomerular filtration rate, and body mass index.
Data presented as hazard ratio (95% CI) unless otherwise noted.
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either bioactive compounds and/or caffeine in coffee
improve kidney oxygenation through attenuation of
renal oxygen consumption while maintaining both GFR
and renal plasma flow. However, mechanistic studies
have yet to be completed to explore the effects of coffee
consumption on intraglomerular hemodynamic func-
tion or kidney oxygen availability. Consequently, it is
necessary to further investigate the possible kidney
protective mechanisms of coffee consumption.

AKI represents a significant public health problem,
with the incidence of 0.25% in the general population
increasing to 18% in the subset of individuals who are
hospitalized annually.17 AKI pathophysiology is
multifaceted and often relates to a focal mismatch be-
tween impaired delivery of oxygen and nutrients to the
nephrons and increased energy and oxygen demands of
the kidney.18 Habitual coffee consumption has been
strongly associated with nephroprotection against
Figure 2. Cumulative incidence of AKI by coffee consumption category in t
Communities study.

Kidney International Reports (2022) -, -–-
chronic kidney disease,5 yet the underlying physio-
logical mechanisms for this effect remain unclear and
have not previously been verified in the setting of AKI.
Caffeine modifies kidney function through a variety of
mechanisms, including natriuresis, modification of
kidney hemodynamics, and the renin-angiotensin-
aldosterone system,6,7 important factors in the devel-
opment of AKI, particularly in high-risk populations
with concurrent illness, injury, or comorbidities.
Caffeine has also been postulated to inhibit expression
of the sodium/potassium adenosine triphosphatase and
isoform 3 of the sodium/proton exchanger. These pro-
teins are integral to passive and active renal tubular
sodium reabsorption and represent the largest source of
oxygen consumption in the kidney, thereby possibly
decreasing renal oxygen consumption without impair-
ing renal plasma flow or GFR.19 In a large cohort of
middle-aged adults, we observed that a lower AKI risk
was associated with higher coffee consumption,
providing further support for a beneficial effect of
caffeine-containing coffee on kidney health, particu-
larly in older individuals already at risk of age-related
declines in baseline kidney function.

Other important nonrenal mechanisms have been
hypothesized to explain the potential protective effects
of coffee consumption, including reduced inflamma-
tion, enhanced endothelial function, and improved
insulin sensitivity.20–22 Indeed, in preclinical studies,
dose-dependent treatment with a 5-day course of
chlorogenic acid–containing green coffee beans was
reported to significantly lower serum urea, creatinine,
and potassium, while increasing serum sodium, gluta-
thione, superoxide dismutase, and catalase in rats with
gentamicin-induced AKI.23 These green coffee beans
he ARIC study. AKI, acute kidney injury; ARIC, Atherosclerosis Risk In
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Table 3. Risk for AKI in adult participants from the ARIC study according to average daily coffee consumption

Outcome

Coffee consumption categories

P value for trendNever (n ¼ 3792) <1 cup/d (n ¼ 1948) 1 cup/d (n ¼ 2710) 2--3 cups/d (n ¼ 3323) >3 cups/d (n ¼ 2434)

AKI events (n) 478 237 362 363 254

Incidence (per 1000 person-yr) 6.0 (5.5–6.6) 5.7 (5.0–6.4) 6.4 (5.8–7.1) 5.1 (4.6–5.6) 5.0 (4.4–5.6)

Model 1 1 (reference) 0.92 (0.79–1.08) 1.08 (0.94–1.24) 0.83 (0.72–0.95) 0.83 (0.71–0.96) 0.003

Model 2 1 (reference) 0.91 (0.77–1.06) 0.93 (0.81–1.06) 0.77 (0.67–0.89) 0.78 (0.67–0.89) <0.001

Model 3 1 (reference) 0.91 (0.79–1.08) 0.94 (0.82–1.07) 0.83 (0.72–0.95) 0.88 (0.75–1.04) 0.02

AKI, acute kidney injury; ARIC, Atherosclerosis Risk In Communities; DASH, Dietary Approaches to Stop Hypertension.
Model 1: Unadjusted (no covariates).
Model 2: Variables included age, sex, race-center, education, total energy intake, physical activity, smoking, alcohol intake status, and DASH diet score.
Model 3: All Model 2 variables plus systolic blood pressure, diabetes status, use of antihypertensive medications, estimated glomerular filtration rate, and body mass index.
Data presented as hazard ratio (95% CI) unless otherwise noted.
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may down-regulate the p53 transcription factor,
thereby attenuating inflammation, oxidative stress, and
apoptosis factors in the renal tubules.23 The environ-
ment in which the coffee exerts its effects on the kid-
neys must also be considered. In ARIC, we analyzed the
incidence of AKI in the setting of concurrent hospi-
talization (i.e., AKI was defined by AKI-related hospi-
talizations), a particularly high-risk state. We postulate
that coffee consumption may exhibit its most protec-
tive effects in the setting of a nephrogenic insult
combining systemic inflammatory effects and hemo-
dynamic dysregulation, resulting in a metabolic
imbalance that generates significant oxidative stress
within the kidney.24 In a comprehensive review of 26
human intervention studies evaluating the effects of
coffee on oxidative stress, results for the effects of
coffee on total plasma antioxidant capacity, antioxidant
enzymes, protein damage, and lipid damage were
largely mixed.25 However, coffee consistently
increased systemic glutathione levels while reducing
spontaneous DNA strand breaks, oxidized DNA bases,
and endogenous and oxidatively induced DNA dam-
age.26–30 The high variability in results to date may be
explained by high levels of heterogeneity between
coffee-related methods used in published clinical trials,
including differences in the types of coffee studied,
their caffeine and bioactive compound contents, dura-
tion of coffee exposure, and techniques for evaluating
outcomes.25 Consequently, greater attention to con-
founding variables and standardization of coffee
exposure is necessary to develop large-scale clinical
intervention studies aiming to elucidate the effects of
coffee on important outcomes including systemic
inflammation and oxidative stress.

Strengths of ARIC include its large sample size
from 4 diverse US communities, adjustment for a
wide variety of possible covariates, and exclusion of
individuals with baseline chronic kidney disease (i.e.,
baseline eGFR <60 ml/min per 1.73 m2) who may be
at higher risk for developing AKI. Limitations of
ARIC include the use of a food frequency
6

questionnaire that relied on participant recollection,
rather than direct measurement, to assess self-
reported average daily coffee consumption. In addi-
tion, each coffee type consumed contains a variable
amount of caffeine, and differences in brew-related
factors such as brew time, roasting temperature,
and grind size may have significant effects on the
presence of bioactive compounds, such as chlorogenic
acids and acid lactones, nicotinic acids, trigonelline,
and theobromide,10,11 which may affect the risk for
developing AKI. However, it is notable that partici-
pants were asked to quantify their consumption of
regular, rather than decaffeinated coffee. Coffee ad-
ditives such as milk, half-and-half, creamer, sugar, or
sweeteners could also influence outcomes and war-
rant further investigation. In addition, consumption
of other types of caffeinated beverages such as tea or
soda should also be considered as a possible con-
founding factor. Further limitations of this study
include its reliance on the inclusion of AKI on the
problem list during inpatient hospitalization and the
potential for confounding effects from differences in
etiologies for participant hospitalization. We contend
that although we obtained data for this study
through rigorous standard processes and accounted
for many potential confounding factors through
modeling, the risk for residual confounding because
of the use of imprecise measures remains.

In conclusion, in a large, prospective cohort study of
14,207 middle-aged adults, higher coffee consumption
was associated with a lower risk of incident AKI. Our
data support chronic coffee consumption as an oppor-
tunity for cardiorenal protection through diet, partic-
ularly for the prevention of AKI hospitalizations or
procedures. Larger studies evaluating the effects of
coffee consumption on kidney perfusion and oxygen-
ation in individuals with impaired kidney function at
high-risk for AKI, including the effects of coffee on
anti-inflammatory and antioxidant outcomes, are
necessary to fully explain its potential cardiorenal
protective effects.
Kidney International Reports (2022) -, -–-
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