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Rationale & Objective: Variability in estimated
glomerular filtration rate (eGFR) over time is often
observed, but it is unknown whether this variation is
clinically important. We investigated the associa-
tion between eGFR variability and survival free of
dementia or persistent physical disability (disability-
free survival) and cardiovascular disease (CVD)
events (myocardial infarction, stroke, hospitaliza-
tion for heart failure, or CVD death).

Study Design: Post hoc analysis.

Setting & Participants: 12,549 participants of the
ASPirin in Reducing Events in the Elderly trial.
Participants were without documented dementia,
major physical disability, previous CVD, and major
life-limiting illness at enrollment.

Predictors: eGFR variability.

Outcomes: Disability-free survival and CVD
events.

Analytical Approach: eGFR variability was esti-
mated using the standard deviation of eGFR
measurements obtained from participants’ base-
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line, first, and second annual visits. Associations
between tertiles of eGFR variability with
disability-free survival and CVD events occurring
after the eGFR variability estimation period
were examined.

Results: During median follow-up of 2.7 years after
the second annual visit, 838 participants died,
developed dementia, or acquired a persistent
physical disability; 379 had a CVD event. The
highest tertile of eGFR variability had an
increased risk of death/dementia/disability (HR,
1.35; 95% CI, 1.14-1.59) and CVD events (HR,
1.37; 95% CI, 1.06-1.77) compared with the
lowest tertile after covariate adjustment. These
associations were present in patients with and
without chronic kidney disease at baseline.

Limitations: Limited representation of diverse
demographics.

Conclusions: In older, generally healthy adults,
higher variability in eGFR over time predicts
increased risk of future death/dementia/disability
and CVD events.
Persistently low estimated glomerular filtration rate
(eGFR), the hallmark of chronic kidney disease (CKD),

is associated with multiple adverse health outcomes,
including anemia, bone and mineral disorders, cardio-
vascular disease (CVD), and death.1 In contrast, the clinical
significance of fluctuations in eGFR commonly observed
across serial health care encounters is less clear, particularly
in adults without established CKD. In a small number of
studies, eGFR variability was associated with increased risk
of hospitalization, CVD events, CKD progression, and
overall mortality2-8; however, these studies were con-
ducted in populations with a high level of comorbid
conditions at baseline, including established CKD, CVD, or
high risk of CVD. Thus, the significance of eGFR variability
in a healthy, older population needs further investigation.

Although older adults with multiple comorbid condi-
tions usually have lower eGFR than their healthy coun-
terparts, healthy older adults have lower eGFR than healthy
younger individuals because of the expected decline in
eGFR of 1 mL/min/1.73 m2 per year.9-11 This suggests
that healthy aging can occur in spite of declining eGFR,
and calls into question the use of making clinical
prognoses based on isolated eGFR measurements in this
population. Moreover, an upward trajectory in eGFR in
specific older adult populations has, paradoxically, been
associated with poorer, as opposed to improved, health
outcomes, possibly due to multimorbidity or malnour-
ishment.12 Such observations further highlight the
complexity involved in evaluating kidney function in older
adults and the challenges of applying universal eGFR
thresholds to diagnose CKD and establish long-term
prognoses. Examining variability across serial eGFR mea-
sures, similar to methods assessing visit-to-visit blood
pressure variability, may yield prognostic information not
otherwise ascertained through individual measures or the
mean of serial measures.13

We hypothesized that higher long-term variability in
kidney function among generally healthy older adults
would be associated with an increased risk of future
adverse health outcomes. To test this hypothesis, we
examined the association between visit-to-visit variability
in eGFR and disability-free survival and CVD events in
participants of the ASPirin in Reducing Events in the
Elderly (ASPREE) trial.14 ASPREE is an optimal cohort in
which to examine the prognostic capability of long-term
eGFR variability with key advantages, including its large
sample size, comprehensive phenotyping, including serial
measures of eGFR collected as part of the study protocol,
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PLAIN-LANGUAGE SUMMARY
Using isolated estimated glomerular filtration rate
(eGFR) measures to establish the prognosis in older
adults is problematic given that eGFR declines even in
healthy aging. In patients with multiple comorbid
conditions, studies have linked eGFR variability with an
increased risk of poor health outcomes. The prognostic
significance of eGFR variability in healthy, older adults
is unclear. In a cohort of generally healthy older adults,
we found that high eGFR variability was associated with
a 35% increased risk of a composite of death, dementia,
or physical disability and a 37% increased risk of car-
diovascular disease events. Increased risk with high
eGFR variability was observed regardless of the chronic
kidney disease status at baseline. Incorporating assess-
ment of visit-to-visit eGFR variability into routine lab-
oratory reporting should be further investigated as a
novel biomarker of health risk in older adults.

Fravel et al
significant length of follow-up, stringent adjudication of
health events, and use of disability-free survival as a novel
composite end point encapsulating important health out-
comes, such as dementia and physical disability that are
relevant to older adults.15
METHODS

Study Design and Participants

We conducted a post hoc analysis using data from par-
ticipants enrolled in ASPREE, a multicenter, randomized,
placebo-controlled trial of 100 mg daily aspirin versus
placebo conducted in Australia and the United States from
2010-2017 and currently continuing follow-up in an
observational phase. Detailed reports of the ASPREE study
and the main findings of the intervention phase have been
previously published.16-18 In brief, ASPREE included
19,114 community-dwelling adults aged 70 years and
older (65 years for US minorities) who were without CVD,
dementia, major physical disability, known high risk of
bleeding, contraindication to aspirin, systolic blood pres-
sure ≥180 mm Hg or diastolic ≥105 mm Hg, and chronic
illness expected to limit survival to less than 5 years. All
participants provided written informed consent to partic-
ipate, and the trial was conducted in accordance with the
principles of the Declaration of Helsinki and approved by
local institutional review boards at each site. The trial was
registered with ClinicalTrials.gov (NCT01038583) and
ISRCTN83772183.

Study Measurements

Following a 4-week placebo run-in period to finalize
eligibility, randomized participants subsequently under-
went annual study visits for collection of standardized,
comprehensive assessments of physical and cognitive
2

function by trained study staff following standard oper-
ating procedures. Serum creatinine and urinary albumin-
creatinine ratio were scheduled to be obtained at
baseline, and again at annual visits in years 3 and 5, and
closeout (which could be year 3 or any year thereafter,
depending on the participant’s year of enrollment).
However, based on sites’ study visit workflow, all lab-
oratory assessments could be obtained at each visit.
Although uncommon, measurements obtained through
regular clinical care could be substituted in place of
study visit collections if they occurred within a 6-month
window of the study visit (<5% of measures were ob-
tained this way). For this study, eGFR was calculated
using the Chronic Kidney Disease Epidemiology
Collaboration equation at baseline, annual visit 1, and
annual visit 2 when serum creatinine measurements
were available.19

Assessment of eGFR Variability

eGFR variability was estimated by calculating the standard
deviation (SD) of 3 eGFR measurements obtained for each
participant during the eGFR variability estimation period,
which we defined as baseline, annual visit year 1, and
annual visit year 2. Participants who were missing any of
these 3 measures were excluded from analyses. eGFR
variability was first treated as a continuous variable and
then participants were divided into tertiles with the lowest
tertile used as a reference in the analysis.

Disability-Free Survival and CVD Composite End

Point

The main end point for this analysis was the ASPREE pri-
mary adjudicated end point of disability-free survival,
measured as a composite of participants’ first event of
death or incident dementia or persistent physical disability
(referred to here as death/dementia/disability). A second
end point in this analysis was incident CVD events, which
was also a pre-specified secondary end point of the main
ASPREE trial, defined as a composite of fatal coronary
heart disease (death from myocardial infarction, sudden
cardiac death, cardiac failure death, or any other death in
which the underlying cause was considered to be coro-
nary heart disease), nonfatal myocardial infarction, fatal
or nonfatal stroke (hemorrhagic or ischemic), non-
coronary cardiac or vascular death, or hospitalization for
heart failure. All CVD events were adjudicated by a panel
of experts blinded to treatment group assignment. To
minimize the potential for immortal time bias, only those
outcomes occurring after the estimation period for eGFR
variability, ie, from the second annual visit onward, were
included in this analysis.
Statistical Analysis

Cox proportional hazards regression models were used to
calculate adjusted hazard ratios (HRs) and 95% confidence
intervals (CIs) to explore the association of kidney function
Kidney Med Vol 5 | Iss 2 | February 2023 | 100583
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variability (as a continuous variable and by tertiles of SD)
with disability-free survival and with time to the first
occurrence of CVD events. Participants were followed from
the second annual visit until they experienced an end point
or were censored because of death or loss to follow-up. A
directed acyclic graph was developed to identify variables
to include in the adjusted models (Fig S1). An initial un-
adjusted model (model 1) was followed by adjustment for
age, sex, race/ethnicity (model 2) and randomized treat-
ment arm, body mass index, mean eGFR and mean
albumin-creatinine ratio (over the eGFR variability esti-
mation period), diabetes, baseline frailty, smoking status,
total cholesterol, low-density lipoprotein, mean systolic
blood pressure (over the eGFR variability estimation
period), and use of angiotensin-converting enzyme in-
hibitors/angiotensin receptor blockers and diuretics (over
the eGFR estimation period) (model 3). The addition of
mean diastolic blood pressure (over the eGFR variability
estimation period) to the model did not impact the results.
Proportional hazards assumptions were tested using scaled
Schoenfeld residuals; all P values were found to be >0.1,
indicating satisfaction of the assumption for all end points.
Statistical analyses were performed using the R version
4.0.2 (R Core Team, 2020).

We conducted sensitivity analyses by repeating the
main analyses examining eGFR variability and the
disability-free survival and CVD end points but stratifying
by CKD status during the eGFR variability estimation
period. Participants who had eGFR <60 mL/min/1.73 m2

or albumin-creatinine ratio ≥3 mg/mmol at the second
annual visit and at their baseline and/or first annual visit
were considered to have CKD. In an additional sensitivity
analysis, each of the individual components of disability-
free survival (first event of death or dementia or persis-
tent physical disability) was explored individually with
eGFR variability. Finally, given that 30% of participants
were excluded from the main analysis because of missing
eGFR data, a sensitivity analysis was completed, including
participants with 2 or more baseline eGFR measures.

We also undertook analyses using alternate methods to
calculate kidney function variability using all participants
with 3 measurements of creatinine at baseline, year 1 and
year 2. First, we used the coefficient of variation (CV) for
both eGFR and serum creatinine levels noting that for
eGFR, its symmetric distribution ensures a lack of corre-
lation between mean and SD, but this is not the case for
serum creatinine level, which has a skewed distribution
and for which CV may be more appropriate. Second, given
that clinicians often use the serum creatinine (rather than
eGFR) in actual practice, we repeated analyses using the SD
of serum creatinine level. There was a high correlation
between all measures of eGFR variability (Table S1). Mean
eGFR had a weak correlation with eGFR variability (SD)
but a strong correlation existed between mean eGFR and
eGFR variability (CV) indicating that SD was the preferable
measure to describe differences between participants in
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their eGFR variability. Each of these alternative estimates of
kidney function variability were examined one by one in
analyses corresponding to models 1-3 as continuous var-
iables and divided into tertiles.

Our approach to estimating within-person kidney func-
tion variability, based on similar commonly used methods
for blood pressure variability, is simple and transparent but
known to potentially lead to bias in estimating associations
with outcomes.20 Hence, in additional 2-stage analyses,
eGFR SD was estimated using 2 different linear mixed effects
models based on borrowing information across individuals,
with the first model ignoring any correlation between the
SD and mean eGFR and the second model, including a
parameter for this correlation. Model parameters were
estimated using Bayesian Markov chain Monte Carlo
implemented using the JAGS version 4.3.0 and the R2Jags
package in R, with the posterior mean of the residual SD
used as the measure of renal variability.20
RESULTS

Of the 19,114 ASPREE participants, 12,712 remained
eligible for analysis after screening for the availability of
kidney function measurements and complete covariate
information during the eGFR variability estimation period.
Death, dementia, or persistent physical disability occurred
as the first event in 162 participants during the eGFR
variability estimation period, leaving 12,549 available for
the primary disability-free survival analysis. In the CVD
analysis, 260 experienced a CVD event during the eGFR
variability estimation period, leaving 12,452 available for
this analysis (Fig 1).

Among the 12,549 participants in the disability-free
survival analysis, the mean age was 75.1 years (ranging
from 65-98 years); 54.6% of participants were women
and 96.0% were White. Baseline mean systolic blood
pressure was 138.2 mm Hg and baseline eGFR was
71.9 mL/min/1.73 m2. Table 1 shows the baseline char-
acteristics of the participants in the disability-free survival
analysis overall and by eGFR variability according to tertile.
The eGFR variability range was 0.01-3.07 mL/min/
1.73 m2 (tertile 1), 3.07-5.85 mL/min/1.73 m2 (tertile
2), and 5.85-52.00 mL/min/1.73 m2 (tertile 3). Baseline
characteristics of participants in the analysis examining
CVD events were similar to those in the disability-free
survival analysis (Table S2). In both analyses, participants
in the highest tertile of eGFR variability were more likely
to have lower baseline eGFR, have a body mass
index >30 kg/m2, have diabetes, be frail, and be using an
angiotensin-converting enzyme inhibitor/angiotension
receptor blocker and/or diuretic compared with those in
the lowest eGFR variability tertile.

Disability-free Survival and CVD Events

During a mean follow-up of 2.7 years after the eGFR
variability estimation period, 838 participants died or
3



ASPREE randomized sample
N = 19,114

Attended annual visits 1 and 2
n = 18,598

Adequate creatinine samples 
for estimation of eGFR 

variability
n = 14,143

Complete covariate information
n = 12,712

Death/dementia/persistent 
physical disability endpoint

Censored at or before annual 
visit 2

n = 163 (158 events)

Sample for analysis
n = 12,549 (838 events)

Cardiovascular endpoint

Censored at or before annual 
visit 2

n = 260 (168 events)

Sample for analysis
n = 12,452 (379 events)

Figure 1. Derivation of participants in each analysis. Abbrevia-
tions: ASPREE, ASPirin in Reducing Events in the Elderly;
eGFR, estimated glomerular filtration rate.
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developed dementia or persistent physical disability (381
deaths, 282 dementia, and 175 disability) and 379 expe-
rienced a CVD event (38 coronary heart disease death, 125
nonfatal myocardial infarction, 151 fatal and nonfatal
stroke, and 65 hospitalizations for heart failure). There
were 448 deaths in total (217 [48.45%] cancer-related
deaths, 90 [20.1%] cardiovascular deaths, 25 [5.6%]
major hemorrhage deaths, and 116 [25.9%] other or
insufficient information). Figure 2 shows the cumulative
incidence for death, dementia, or persistent physical
disability and the CVD events. The rate of death, dementia,
or physical disability increased across tertiles of eGFR
variability, from 22.3 events per 1,000 person-years in the
lowest (reference) tertile, to 24.9 events per 1,000 person-
years in the second tertile, and 22.8 events per 1,000
person-years in the third tertile. In the fully adjusted
model, individuals in the highest tertile of eGFR variability
had increased risk of death/dementia/disability compared
with the lowest (HR, 1.35; 95% CI, 1.14-1.59) (Table 2).
4

When examined as a continuous variable, a difference of
3 mL/min/1.73 m2 in eGFR variability was associated
with an 11% increased risk of the composite of death/
dementia/disability (HR, 1.11; 95% CI, 1.05-1.17).
Higher eGFR variability was also associated with increased
risk of CVD events, with the highest tertile of eGFR vari-
ability having a higher risk of CVD events compared with
the lowest (HR, 1.37; 95% CI, 1.06-1.77) (Fig 2, Table 2).
Point estimates of the HRs for both outcomes in the second
tertile were intermediate between the point estimates of
the first and third tertiles. CVD event rates ranged from 9.8
of 1,000 person-years in the lowest tertile of eGFR vari-
ability to 13.1 of 1,000 person-years in the highest tertile.

Sensitivity Analyses

Subgroup analysis for the death/dementia/disability and
CVD end points stratified by baseline CKD status are shown
in Fig 3. In this analysis, the relationship between higher
eGFR variability and increased risk of death/dementia/
disability persisted for those with and without CKD at
baseline, with the highest tertile of eGFR variability associ-
ated with higher risk than the lowest for both CKD and non-
CKD participants (baseline CKD: HR, 1.61; 95% CI, 1.14-
2.28; no baseline CKD: HR, 1.40; 95% CI, 1.12-1.76)
(Table S3). The relationship between higher eGFR vari-
ability and risk of CVD events in the subgroup analysis was
also observed (baseline CKD: HR, 1.54; 95% CI, 0.96-2.47;
no baseline CKD: HR, 1.51; 95% CI, 1.07-2.12) (Table S3).

When exploring the individual components of the
death/dementia/disability end point, eGFR variability was
associated with death, which appeared to drive the overall
composite finding (Table S4, Fig S2). However, death was
the most common outcome overall in the cohort, and the
point estimates for the associations with physical disability
and dementia also suggested increased risk with higher
eGFR variability. In contrast, the composite CVD outcome
appeared to be driven by nonfatal myocardial infarction
and hospitalization for heart failure (Table S4).

Findings for both death/dementia/disability and CVD
events remained similar when patients with at least 2
baseline eGFR measures who were originally excluded for
missing data were included (Table S5) and in other
sensitivity analyses when eGFR variability was calculated
using CV and when both CV and SD were used to estimate
serum creatinine variability (Tables S6 and S7). Addition-
ally, results were similar when eGFR SD was re-estimated
using 2 different linear mixed effects models to allow for
information to be used across individuals (Table S8).
DISCUSSION

In the present analysis, we found that generally healthy
older adults with higher variability in eGFR were less likely
to survive free of dementia or persistent physical disability
and more likely to experience a CVD event during follow-
up than those with lower variability in eGFR. These asso-
ciations were found to be independent of baseline kidney
Kidney Med Vol 5 | Iss 2 | February 2023 | 100583



Table 1. Baseline Characteristics of Study Participants for Analysis of Death/Dementia/Persistent Physical Disability by eGFR
Variability, With Variability According to Tertiles of Standard Deviation

Variable

Standard Deviation of eGFR (eGFR Variability)

OverallT1 (0.01-3.07) T2 (3.07-5.85) T3 (>5.85)
Number of participants 4,183 4,183 4,183 12,549
Age (y), mean (SD) 75.1 (4.2) 75.2 (4.3) 75.0 (4.3) 75.1 (4.3)
Female, n (%) 2,199 (52.6%) 2,212 (52.9%) 2,446 (58.5%) 6,857 (54.6%)
Race/ethnicity, n (%)
White 4,050 (96.8%) 4,044 (96.7%) 3,947 (94.4%) 12,041 (96.0%)
Black 35 (0.8%) 36 (0.9%) 135 (3.2%) 206 (1.6%)
Hispanic 44 (1.1%) 39 (0.9%) 43 (1.0%) 126 (1.0%)
Asian 29 (0.7%) 48 (1.1%) 33 (0.8%) 110 (0.9%)
Other 25 (0.6%) 16 (0.4%) 25 (0.6%) 66 (0.5%)

Aspirin treatment assignment, n (%) 2,063 (49.3%) 2,061 (49.3%) 2,112 (50.5%) 6,236 (49.7%)
Kidney function (BL-AV2)
eGFR (ml/min/1.73 m2), mean (SD) 74.4 (14.6) 70.9 (12.9) 70.3 (10.8) 71.9 (13.0)
ACR (mg/g), median (IQR) 8.0 (5.0-14.2) 8.0 (5.0-14.2) 8.3 (5.3-15.3) 8.0 (5.0-14.5)
Serum creatinine level (mg/dL), mean (SD) 0.9 (0.2) 0.9 (0.2) 0.9 (0.2) 0.9 (0.2)

Mean (BL-AV2) SBP, mm Hg, mean (SD) 138.4 (13.3) 138.3 (13.6) 137.9 (13.8) 138.2 (13.6)
Mean (BL-AV2) DBP, mm Hg, mean (SD) 76.2 (7.9) 75.9 (8.1) 75.4 (8.2) 75.8 (8.1)
BMI, n (%)
<18.5 kg/m2 20 (0.5%) 23 (0.5%) 18 (0.4%) 61 (0.5%)
18.5-25 kg/m2 1,117 (26.7%) 1,035 (24.7%) 1,025 (24.5%) 3,177 (25.3%)
25-30 kg/m2 1,910 (45.7%) 1,918 (45.9%) 1,869 (44.7%) 5,697 (45.4%)
≥30 kg/m2 1,136 (27.2%) 1,207 (28.9%) 1,271 (30.4%) 3,614 (28.8%)

Total cholesterol (mg/dL), mean (SD) 203.2 (37.4) 202.9 (37.4) 203.3 (38.5) 203.2 (37.7)
LDL (mg/dL), mean (SD) 118.9 (33.3) 118.4 (33.7) 118.2 (34.4) 118.5 (33.8)
Diabetes, n (%) 379 (9.1%) 409 (9.8%) 470 (11.2%) 1,258 (10.0%)
Baseline frailty, n (%)a

Not frail 2,636 (63.0%) 2,648 (63.3%) 2,540 (60.7%) 7,824 (62.3%)
Prefrail 1,480 (35.4%) 1,477 (35.3%) 1,563 (37.4%) 4,520 (36.0%)
Frail 67 (1.6%) 58 (1.4%) 80 (1.9%) 205 (1.6%)

Antihypertension drug use
ACEi/ARBs, n (%)
No use at BL or AV1 2,329 (55.7%) 2,255 (53.9%) 2,041 (48.8%) 6,625 (52.8%)
BL or AV1 110 (2.6%) 141 (3.4%) 157 (3.8%) 408 (3.3%)
Both BL and AV1 1,744 (41.7%) 1,787 (42.7%) 1,985 (47.5%) 5,516 (44.0%)

Diuretics, n (%)
No use at BL or AV1 3,390 (81.0%) 3,365 (80.4%) 3,201 (76.5%) 9,956 (79.3%)
BL or AV1 70 (1.7%) 77 (1.8%) 103 (2.5%) 250 (2.0%)
Both BL and AV1 723 (17.3%) 741 (17.7%) 879 (21.0%) 2343 (18.7%)
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ACR, albumin-creatinine ratio; ARB, angiotensin receptor blocker; AV1, first annual visit; AV2, second
annual visit; BL, baseline; BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; IQR, interquartile range; LDL, low-density
lipoprotein; SBP, systolic blood pressure; SD, standard deviation.
aFrailty/prefrailty: participants were classified as frail if they met at least 3 of the following criteria and prefrail if they met 1 or 2 of the criteria: (1) BMI < 20 kg/m2; (2)
lowest 20% of grip strength taking into account sex and BMI; (3) the participant endorsed “I felt that everything I did was an effort” and/or “I could not get going” for 3
or more days during the last week, according to the Center for Epidemiological Studies Depression 10 scale; (4) time to walk 3 m (10 ft) was in the lowest 20% taking
into account sex and height; and (5) no walking outside the home in the last 2 weeks, or the longest amount of time walking outside without sitting down to rest was
less than 10 min, according to Lifestyle Interventions and Independence for Elders study Disability questionnaire responses.
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function and were consistent across different analytic ap-
proaches. The risk of death or dementia, or physical
disability increased by 11% and risk of cardiovascular
events increased by 9% with each 3 mL/min/1.73 m2

difference in SD of eGFR. Individuals in the cohort who
were in the highest tertile of eGFR variability had a 35%
increased risk of death or dementia or physical disability
and a 37% increased risk of a CVD event compared with
Kidney Med Vol 5 | Iss 2 | February 2023 | 100583
those in the lowest tertile. Notably, these increased risks
were present in individuals irrespective of whether they
had CKD at baseline.

Visit-to-visit variability in routine health measurements,
such as blood pressure, once viewed as measurement
artifacts, are now known to be independently predictive of
health outcomes, such as CVD events and cognitive
decline.21-23 This variability presumably signals
5



Figure 2. Cumulative incidence of (A) death/dementia/persis-
tent physical disability and (B) CVD events by eGFR variability,
with variability according to tertiles (T) of standard deviation. Ab-
breviations: CVD, cardiovascular disease; eGFR, estimated
glomerular filtration rate. *P value for log-rank test.
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disruptions in underlying hemodynamic and pathological
vascular pathways that isolated measurements, or even
mean values across measures, may fail to reveal. Given the
close relationship between blood pressure and kidney
function, evaluating variability in kidney function may
identify individuals at higher risk of adverse health out-
comes that might have otherwise escaped notice when
focused only on infrequent measures viewed in isolation.
As such, including a variety of measures of kidney func-
tion, including eGFR variability, as part of risk prediction
strategies8 may aid in better prediction of future outcomes.

To date, there have been few studies examining the
prognostic significance of variability in eGFR, and the
majority of these studies were conducted in participants
who already had CKD or other significant comorbidities.2-8

In a large cohort of older adults with reduced eGFR, pa-
tients with the greatest eGFR variability had a greater than
30% increased risk of death compared with those with the
least variability.2 In the Systolic Blood Pressure Interven-
tion Trial, which included adults with and without CKD
6

and who were at high risk of CVD, eGFR variability,
regardless of baseline eGFR, was associated with increased
risk of all-cause mortality (a nearly 30% increase in HR for
each SD increase in variability). However, an association
was not found between increased eGFR variability and
CVD. Our study is distinguished by the fact that to our
knowledge, (1) it is the first to examine the clinical sig-
nificance of eGFR variability in a large cohort of older
adults who were relatively healthy at baseline, (2) it was
not conducted exclusively in those with established CKD,
CVD, or at high risk of CVD as a criterion of enrollment,
and (3) it did not involve an intervention on a health
parameter that is directly related to kidney function.

Reasons for variability in eGFR are varied and include
influences from comorbid conditions, instances of acute
kidney injury, medications, fluctuation in fluid status, and
age-related changes in creatinine levels, among others. In
older adults, the predominant pattern is a progressively
declining eGFR with increasing age, and small transient
changes in either direction are not usually viewed with
concern. It has been suggested, however, that these fluc-
tuations may signal diminished renal reserve and reflect a
limited ability to compensate in the setting of otherwise
routine events that require the kidney to autoregulate.2,3,24

Additionally, it has been proposed that increased eGFR
variability may represent not only a deficit in intrinsic
kidney function but also the function of other organ sys-
tems involved in maintaining renal stability in the presence
of external renal insults.2 This theory attributes eGFR
variability as a representation of overall organ system
resilience and adaptability and may offer a potential
explanation why more eGFR variability was associated
with a reduction in the global composite of disability-free
survival in our trial. In this sense, increased eGFR vari-
ability could be viewed as a measure of accelerated aging.
Although the pathophysiologic mechanisms underlying
eGFR variability and its strong association with future
adverse health events are uncertain, the strength and
consistency of our observed associations suggests it merits
further consideration as a useful biomarker of kidney
function in healthy older adults.

Strengths of our study include the large sample size,
significant length of follow-up, expert adjudication of end
points, and use of the unique composite end point rep-
resenting disability-free survival, a highly relevant
outcome for studies in healthy aging. We used more than
1 analysis technique for estimating eGFR variability to
address the potential bias in commonly used approaches.20

Additionally, the fact that serum creatinine level was
measured at pre-specified time points according to the
ASPREE protocol minimizes the potential for measurement
bias, which can occur when individuals in poorer health
are disproportionately monitored more frequently, thus
increasing the likelihood of observing higher variability in
the measurements of those individuals.

Our study results need to be acknowledged in the
context of important limitations. First, a number of
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Table 2. Hazard Ratio (95% CI) for Association Between eGFR Variability and (A) Death/Dementia/Persistent Physical Disability
(DFS) and (B) CVD Events, With Variability as Continuous Variable and According to Tertiles (T) of Standard Deviation

Variability Measure

Variability (Continuous,
Per 3 mL/min/1.73 m2

Difference in SDa)

Variability (Tertiles)

T1 T2 T3
A. DFS, N 12,549 4,183 4,183 4,183
Variability range – 0.01-3.07 3.07-5.85 5.85-52.00
Number of events 838 254 272 312
Event rate per 1,000 person-y 25.3 22.3 24.9 28.8
HR (95% CI)
Model 1 1.09 (1.04-1.16) REF 1.13 (0.95-1.34) 1.32 (1.12-1.55)
Model 2 1.12 (1.05-1.18) REF 1.10 (0.93-1.31) 1.36 (1.15-1.60)
Model 3 1.11 (1.05-1.17) REF 1.12 (0.94-1.33) 1.35 (1.14-1.59)

B. CVD, N 12,452 4,151 4,150 4,151
Variability range – 0.01-3.07 3.07-5.85 5.85-52.00
Number of events 379 110 130 139
Event rate per 1,000 person-y 11.7 9.8 12.1 13.1
HR (95% CI)
Model 1 1.08 (1.00-1.17) REF 1.24 (0.96-1.60) 1.35 (1.05-1.73)
Model 2 1.11 (1.02-1.20) REF 1.22 (0.95-1.58) 1.42 (1.11-1.83)
Model 3 1.09 (1.01-1.19) REF 1.19 (0.92-1.54) 1.37 (1.06-1.77)
Note: Model 1: unadjusted. Model 2: adjusted for age, sex, and race/ethnicity. Model 3: includes model 2 adjustments and randomized arm (aspirin vs placebo), BMI,
mean eGFR (BL-AV2), mean ACR (BL-AV2), diabetes, baseline frailty, smoking status, total cholesterol, LDL, mean SBP (BL-AV2), ACEi/ARB use, and diuretic use.
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ACR, albumin-creatinine ratio; ARB, angiotensin receptor blocker; BL-AV2, baseline to annual visit 2;
BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; DFS, disability-free survival; eGFR, estimated glomerular filtration rate; HR, hazard ratio;
LDL, low-density lipoprotein; REF, reference; SD, standard deviation.
aA difference of 3 mL/min/1.73 m2 is approximately the difference between tertile cut-offs and allows for easier comparison between hazard ratios.
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patients had missing eGFR data leading to exclusions of
approximately 30% of the overall enrolled ASPREE cohort.
Although this still allowed for analysis of more than
12,000 patients, a sensitivity analysis was conducted to
include participants with fewer eGFR measurements,
which added an additional 3,000 participants. This analysis
demonstrated findings consistent with the original ana-
lyses. Second, our study was primarily limited to White
participants with limited racial/ethnic diversity, limiting
the generalizability to other more ethnically diverse co-
horts. Third, the presence of unmeasured confounders
may have also affected our findings, although we were able
to adjust for a large number of relevant covariates.
Although lower serum creatinine levels, leading to higher
eGFR estimates, may serve as a surrogate for low muscle
mass and poor outcomes in acutely ill patients,25 our
model controlled for body mass index and baseline frailty,
helping to mitigate these concerns. Nevertheless, replica-
tion studies assessing variability in GFR estimated with
other markers of kidney function, such as serum cystatin C,
may provide additional insight into the applicability of
eGFR variability and health outcomes in this population.
Finally, future investigations incorporating eGFR trajectory
with variability may provide additional insight into the
association between eGFR change and adverse clinical
outcomes.

In summary, we observed that in older adults without
dementia, physical disability, or prior CVD enrolled in
ASPREE, higher long-term variability in eGFR, independent
of initial eGFR level, is associated with increased risk of
Kidney Med Vol 5 | Iss 2 | February 2023 | 100583
future death/dementia/disability and CVD events. Our
findings suggest it may be important to monitor variation
in eGFR over time in healthy older adults, as a novel
predictor of the risk of future poor health outcomes.
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Figure 3. Hazard ratio (95% CI) for association between eGFR variability and (A) death/dementia/persistent physical disability and
(B) CVD events stratified by baseline CKD status with variability as a continuous variable (per 3 ml/min/1.73 m2 difference) and ac-
cording to tertiles (T) of standard deviation. Adjusted for age, sex, race/ethnicity, randomized arm (aspirin vs placebo), BMI, mean
eGFR (BL-AV2), mean ACR (BL-AV2), diabetes, baseline frailty, smoking status, total cholesterol, LDL, mean SBP (BL-AV2),
ACEi/ARB use, and diuretic use. Baseline CKD status determined by eGFR < 60 mL/min/1.73 m2 or ACR ≥ 3 mg/mmol at year 2
visit and baseline or year 1 visit. Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ACR, albumin-to-creatinine ratio;
ARB, angiotensin receptor blocker; BL-AV2, baseline to annual visit 2; BMI, body mass index; CI, confidence interval; CKD, chronic
kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; LDL, low-density lipoprotein; SBP, systolic
blood pressure.
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Disability (DFS) and (B) CVD Events, With Variability as
Continuous Variable and According to Tertiles (T) of Standard
Deviation With Inclusion of Participants With 2 or More Baseline
eGFR Values.

Table S6: Hazard Ratio (95% CI) for the Association Between
eGFR Variability and (A) Death/Dementia/Persistent Physical
Disability (DFS) and (B) CVD Events, With Variability as a
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Continuous Variable and According to Tertiles (T) of Coefficient of
Variation.
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Serum Creatinine Variability (Standard Deviation (A, B) and Coeffi-
cient of Variation (C, D)) and Death/Dementia/Persistent Physical
Disability (DFS) and CVD Events, With Variability as a Continuous
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Table S8: Hazard Ratio (95% CI) for Association Between eGFR
Variability (Mixed Model 2-Stage Approach) and (A, C) Death/De-
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