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ABSTRACT
Objective To determine the distribution of kidney function 
values as measured by glomerular filtration rate (GFR), and 
the rate of decline with age in male and female healthy 
subjects without pre- existing medical conditions.
Design Systematic review and structured synthesis.
Search sources PubMed, Embase, Cochrane Central 
Register of Controlled Trials and Web of Science, from 
database inception to 25 October 2023. Unpublished 
studies were searched from clinical trial registries and the 
grey literature.
Selection criteria Observational cohort studies, including 
non- treatment arms of randomised, pseudorandomised 
and non- randomised controlled trials that assessed the 
age- related decline in kidney function over time.
Main outcome measures Primary outcomes were rate of 
change of kidney function over time (absolute and relative 
change) and rate of change of kidney function with age. 
Secondary outcomes included rate of change of kidney 
function compared with baseline GFR, gender, ethnicity 
and proportion of participants >60 years defined as having 
chronic kidney disease.
Data collection and analysis Two review authors 
independently screened studies for inclusion, extracted 
data and assessed risk of bias. Data could not be pooled 
because of significant heterogeneity. Instead, a descriptive 
analysis was used to synthesise results.
Results 12 studies between 1958 and 2021 reported 
the decline rate of kidney function in healthy individuals: 
six prospective cohort studies, four retrospective cohort 
studies and two randomised controlled clinical trials, which 
included 129 359 healthy participants (range from 15 to 
46 682) and ranged from 2 to 23 years duration. Annual 
decline rates ranged from −0.24 to −3.60 mL/min/1.73 
m2/year (−0.37 to −1.07 in subjects without hypertension). 
Results were mixed as to whether decline rates sped 
up or slowed down with age, and whether decline rates 
differed between women and men, with studies showing 
conflicting results. This study was unable to determine the 
decline rates in different ethnicities.
Conclusions This study is the first systematic review to 
investigate the longitudinal decline in kidney function with 
age in healthy individuals. The normal decline rate could 
be considered between −0.37 and −1.07 mL/min/1.73 
m2/year in healthy adults without hypertension. Kidney 
function decline rates in healthy adults may be helpful 
to clinicians anticipating patients’ kidney trajectory and 
determining whether chronic kidney disease- specific care 
is required.
PROSPERO registration number CRD42023096888.

INTRODUCTION
Chronic kidney disease (CKD) is defined as 
a ‘sustained reduction in glomerular filtra-
tion rate (GFR) or evidence of structural or 
functional abnormalities of the kidneys on 
urinalysis, biopsy or imaging’.1 The current 
guidelines define CKD as estimated glomer-
ular filtration rate (eGFR) <60 mL/min/1.73 
m2 present for >3 months, or evidence of 
kidney damage regardless of eGFR that is 
persistent for >3 months, (ie, proteinuria, 
haematuria or pathological/structural abnor-
mality).1 However, an eGFR of <60 mL/
min/1.73 m2 is common in older people, with 
>40% of people over 70 years of age thereby 
meeting the definition of CKD.2 GFR declines 
with age even in healthy people with no 
kidney disease.3 Several cross- sectional studies 
have charted the normal decline in GFR with 
age, in order to predict which patients are 
likely to go on to require kidney replace-
ment therapy.4–8 End- stage kidney disease is 
a significant cost to both patients and health 
services, leading to dialysis, kidney transplan-
tation or death. It is important to identify 
early those patients in whom screening and 
strict management are likely to prevent dete-
rioration of their kidney function. However, 
there have been recommendations against 
using fixed GFR cutoffs to define disease, 
irrespective of age, gender or race,3 9 with 
other studies recommending including a 
lower reference range (eg <5th percentile) 
in the diagnosis of older people.7 9 A large 
number of older people with a low GFR will 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Included studies that reported longitudinal decline of 
kidney function.

 ⇒ Excluded studies of people with pre- existing disease 
(including renal and cardiovascular).

 ⇒ Excluded studies with fewer than three measures of 
glomerular filtration rate.
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remain stable and will not go on to develop end- stage 
kidney disease. In order to target screening and manage-
ment of those patients at highest risk, it is important to 
understand the natural rate of decline in kidney function 
with normal ageing. Therefore, this study aimed to deter-
mine the longitudinal decline in GFR with age in healthy 
adults.

METHODS
The study protocol was registered with PROSPERO 
CRD42023096888 on 2/10/23.

Criteria for considering studies for this review
Types of studies
Studies that reported the age- related decline of kidney 
function were eligible for inclusion. Eligible studies 
included randomised, pseudorandomised and non- 
randomised controlled trials that had a non- treatment 
arm, prospective observational cohort studies and retro-
spective cohort studies. We included studies where three 
or more measurements of kidney function were under-
taken. Cross- sectional studies, or studies where only 
two measurements of kidney function were taken, were 
excluded.

Types of participants
We included longitudinal studies in adults that followed 
some or all of the participants past the age of 60 years. We 
excluded studies in children. We excluded studies whose 
primary focus was people on dialysis, people who had a 
kidney transplant, people with pre- existing kidney disease 
and people who had diseases on enrolment known to 
affect kidney function, including diabetes and cardiovas-
cular disease. We included studies that had participants 
with risk factors for disease (eg, hypertension, hypercho-
lesterolaemia, obesity), but we described studies sepa-
rately according to how strictly they defined a healthy 
population.

Types of outcome measures
Our primary outcome measures were rate of change of 
kidney function over time and rate of change of kidney 
function with age, irrespective of how this was measured 
in the studies. Studies of GFR may use measured GFR 
(mGFR, involving direct measurement of plasma or 
urinary clearance of exogenous markers of filtration, 
which is accepted as the gold standard); estimated GFR 
(eGFR, with a variety of formulae in use to estimate filtra-
tion usually based on serum levels of the waste product 
creatinine, and factoring variables such as age, sex and 
body weight); levels of serum creatinine; measurement of 
the endogenous filtration marker cystatin C; estimation of 
eGFR based on cystatin C (eGFRcys) or cystatin C (eGFR-

cr- cys), or creatinine clearance.10 Secondary outcomes were 
rate of change of kidney function compared with baseline 
GFR, rate of change of kidney function by gender, rate 
of change of kidney function in different ethnic groups 

and proportion of participants over 60 years old that were 
defined as having CKD.

Search methods for identification of studies
We searched the following databases from inception to 25 
October 2023: PubMed, Embase, the Cochrane Central 
Register of Controlled Trials (CENTRAL) and Web of 
Science. We searched the WHO trials portal (www.who. 
int/clinical-trials-registry-platform) and  ClinicalTrials. 
gov registry for ongoing studies. The search strategy was 
conducted by an information specialist (JC) (see online 
supplemental figure 1). No language restrictions were 
applied. We checked the reference lists of all primary 
studies and review articles for additional references. 
Unpublished studies were also searched for in the grey 
literature and trial registries.

Data collection and analysis
Study selection
Two review authors independently screened the titles and 
abstracts of all potential studies identified as a result of 
the searches. Full- text study reports of potentially relevant 
studies were retrieved. Two review authors independently 
screened the retrieved reports to identify studies for 
inclusion. Reasons for exclusion of ineligible studies 
were recorded, and the selection process was delineated 
in a PRISMA flow chart (figure 1). Disagreements were 
resolved through discussion and by consultation with a 
third reviewer. Duplicate reports of the same study were 
identified and all publications were included and used to 
extract data. Only the most recent report of each study is 
used as the Study ID (tables 1 and 2).

Data extraction
A standardised data extraction form was used, which was 
designed and pilot tested prior to extraction of data. Two 
review authors extracted data from the included studies. 
Any disagreements were resolved by consensus or discus-
sion with a third reviewer. The following information was 
extracted from each study if available:

Study type—randomised controlled trial, observational 
studies, systematic reviews, cohort studies, longitudinal 
studies; method—study design, duration of follow- up, 
number of study centres, location (country), setting 
(hospital, primary care, community), date of study; partic-
ipants—age, gender, sample size, method of recruitment, 
inclusion criteria (including health status), exclusion 
criteria; outcomes—outcome definition, unit of measure-
ment, time points of collection and reporting, loss to 
follow- up; other—trial funding, conflicts of interest of 
authors.

Risk of bias assessment
Two review authors independently assessed risk of bias 
for each study. For randomised controlled trials, we 
intended to use the Cochrane risk of bias tool;11 however, 
we decided that the Joanna Briggs Institute (JBI) critical 
appraisal checklist was more appropriate for the type of 
data we were reviewing. For cohort studies, we used the 
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JBI critical appraisal checklist for studies reporting prev-
alence data.12 Disagreements were resolved by consensus 
or discussion with a third reviewer. We summarised the 
risk of bias judgements across different studies for each of 
the domains in a risk of bias figure (table 3). We graded 
each potential source of bias as high, low or unclear 
and provided quotes from the study report with a justi-
fication for our judgement in a rationale for risk of bias 
table (online supplemental table 6). Where information 
on risk of bias related to unpublished data or correspon-
dence with a trial author, we planned to note this in the 
rationale for risk of bias judgements table.

Data synthesis
Assessment of heterogeneity
We assessed the studies for heterogeneity across the 
following characteristics: study design, study duration, 
age of patients, sample population, unit of measurement. 
No studies were deemed similar across these domains and 
so the study results were not pooled. We intended to use a 
random effects model to synthesise the pooled effects of 
the studies in a meta- analysis, but due to the substantial 
heterogeneity between studies, results have instead been 
presented in a structured summary in tabular form.

Data synthesis
For each study cohort, we extracted the annual decline 
rates for each kidney function measure. If only summary 
data was available, data was presented according to 

analysis type (average rate of decline, rate of change with 
age, rate of change with baseline) and reported sepa-
rately. We compared decline rates by gender and ethnicity 
where available. We also presented age- specific decline 
rates by decade of age where this data was reported. If this 
data was not reported, we calculated rates by subtracting 
the final measures from the initial and dividing by the 
duration of follow- up. If this data was not available, we 
attempted to contact the authors to request original data. 
If outcome data was not able to be extracted from tables 
or text, then the Plot Digitiser app was used to extract data 
from figures and graphs. We used the app found here: 
https://apps.automeris.io/wpd/, accessed: 5/3/2024. 
For continuous outcomes, the mean difference (MD) 
(or standardised MD if studies used different measuring 
scales) and SD were calculated.

Sensitivity analysis
We conducted a sensitivity analysis in the following situ-
ations: one or more included studies were dominant 
in terms of their size, the results of one or more of the 
included studies differed significantly from the results of 
other included studies (based on assessing the overlap 
of 95% CIs) or if quality issues were identified when 
assessing the risk of bias of included studies.

Dealing with missing data
We described missing data, including dropouts. Reasons 
for dropout were not reported.

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta- Analyses flow diagram displaying the number of studies 
identified and included from databases, registers and other sources.
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Table 1 Characteristics of included studies (for conditions/risk factors excluded, see online supplemental table 1)

Study ID, dates Cohort recruitment location, study design Description of cohort, with conditions/risk factors included

Aurell 1997
Sweden13

General practices and primary care clinics, 
open randomised parallel study

130 clinic attendees with baseline hypertension (81 at end of study), 
randomised to treatment with metoprolol or enalapril. Mean age 55±8 
(enalapril), 54±8 years (metoprolol), 65% male. Hypertension (100%) 
with diastolic blood pressure between 100 and 120 mm Hg, GFR 
≥80 mL/min/1.73 m2.

Baba 2015
Japan
2004–126

Hospital- based preventative care clinic, 
retrospective longitudinal

45 586 clinic attendees, >18 years old, healthy, receiving an annual 
medical check- up. Mean age and SD 43.9±10.2 years, age range 18 
to >75, 48% male. Smoking—never 61%, former 20%, current 19%, 
BMI (mean±SD) 22.0±3.0, 97% had no proteinuria, 3% had trace 
proteinuria (15 mg/dL).

Cohen 2014
Israel
2000–1214

Hospital- based preventative care clinic, 
retrospective longitudinal

2923 total (2693 healthy, 230 comorbidities) clinic attendees, age 
20–80 years, non- pregnant, all with baseline eGFR >90 mL/min/1.73 
m2, and 5 or more clinic visits. Mean age and SD 42.4±8 years, 
76.1% male. Total cohort—BMI (mean±SD) males 26.7±4.1, females 
24.9±4.6; smoking—males 12.7%, females 12.2%.

Grupper 2019
Israel
2002–1615

Medical centre clinic,
retrospective longitudinal

211/215 kidney donors, and 211 matched and 2534 healthy control 
group. Mean age and SD of healthy controls 43.6±8.9 years, age 
range 21–70.1 years, 66.8% male. Hypertension—12.8%, pre- 
diabetes 9.1%, metabolic syndrome 3.3%, Mean BMI 25±2.7 kg/m2, 
current smokers 20.8%.

Hemmelgarn 
2006
Canada
2001–0316

Outpatient blood test registry,
retrospective cohort

10 184 participants aged 66 or older who had blood tests recorded 
on an outpatient pathology database. 6573 (64.5%) participants in 
subgroup with baseline eGFR 60–89 mL/min/1.73 m2. Mean ±SD age 
of subgroup 75.1±6.4 years, female 54.9%. Difficult to determine 
what comorbidities patients might have had, as information only taken 
from medication data.

Holscher 2019
USA
198517

Multiple renal transplant centres and 
community volunteers (control), three 
prospective cohort studies

1295 kidney donors, 8233 healthy non- donor control group. Age 
range ARIC cohort—45–65 years, CARDIA cohort—18–30 years. Ever 
smoker 52%, median BMI (IQR) 26 (23–28) kg/m2.

Kasiske 2015
USA
2006–1418

Eight renal transplant centres,
prospective controlled observational cohort 
(with a non- donor control group)

201 (173 follow- up) matched, equally healthy non- donor control 
group, age range 18–65 years, age (years) 18–34 30.9%, 35–49 
35.3%, 50–64 31.3%, 65 2.5%, 32% male. Hypertension—4.5%, 
hyperlipidaemia—3.5%, CKD 0.5% (1 participant), obesity—normal 
41.8%, overweight 35.3%, obese 20.9%, massively obese 1.5%, 
smoking—never 65.7%, former 22.4%, current 11.9%. One control 
participant had CKD at baseline. Healthy cohort compared with US 
population—less medication use, less antihypertensive use, less lipid- 
lowering medication use, no diabetes medication use.

Larsson 1986
Sweden
1971–8119

Community volunteers,
longitudinal cohort

1148 initially recruited, systematic subsample of mGFR at age 70 
years (n=93), 75 years (n=79), 79 years (n=46). Only 15 still healthy 
at age 79. 45% male. In the final cohort, 23 cardiac failure, 12 
hypertension, 5 diabetes, 6 urinary tract disease, 15 no diseases.

Lengnan 2021
China
2012–1420

Hospital clinic,
longitudinal cohort

46 682 healthy people attending hospital for routine medical exam, 
age range 18 to 100 years, mean age 46.79±15.83 years, 4196 
participants were >70 years old, 58.33% male.

Lindeman 1984
USA
1958–8121

Community volunteers,
longitudinal prospective cohort

254 healthy cohort from 446 community- dwelling volunteers, mean 
(SD) age 56.4±0.8 years, age range 22–97 years. All males. Mean 
(SEM) systolic blood pressure 128.4±0.95 mm Hg.

Price 2021
UK
2014–1922

Hospital based—seven renal transplant 
centres, longitudinal prospective cohort
(with a non- donor control group)

53 healthy non- donor controls, hypercholesterolaemia—7%, 
hypertension—7%, smoking—current 4%, former 27%.

Vidt 2011
26 countries
2003–0823

Participants of clinical trial from 1315 sites in 
26 countries,
randomised controlled trial of statins 
‘JUPITER’ trial

16 279 study participants, mean age 66 years, 62% male, 72% 
Caucasian. 58% hypertension.

BMI, Body Mass Index; BP, blood pressure; CKD, chronic kidney disease; GFR, glomerular filtration rate; urine ACR, urine albumin 
creatinine ratio.

by copyright.
 on January 14, 2025 at U

niversity of N
ew

 E
ngland. P

rotected
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2024-089783 on 27 N

ovem
ber 2024. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2024-089783
http://bmjopen.bmj.com/


5Guppy M, et al. BMJ Open 2024;14:e089783. doi:10.1136/bmjopen-2024-089783

Open access

Table 2 Summary of primary reported outcomes (for additional primary reported outcomes, see online supplemental table 2)

Study
Measurement 
method

Mean (SD) absolute decline per year (mL/
min/1.73 m2/year) Age- related decline

Aurell 199713 mGFR51Cr- 
EDTA

−1.4±2.6 mL/min/year (enalapril group 
n=40), –1.1±2.4 mL/min/year (metoprolol 
group n=41), overall=−1.25
Year 1 of study GFR decline of −3.1 
(enalapril) and −4.1 (metoprolol), thereafter 
<1 mL/min/year decline

Not reported

Baba 20156 eGFR 3 variable 
Japanese 
equation

Overall −1.07±0.42 Slope (mL/min/1.73 m2/year)
Males age 18 to 29 years −1.22, 30 to 39 
years −1.12, 40 to 49 years −1.02, 50 to 59 
years −0.93, 60 to 69 years −0.85, 70 to >75 
years −0.84. Females age 18 to 29 years 
−1.27, 30 to 39 years −1.21, 40 to 49 years 
−1.10, 50 to 59 years −1.00, 60 to 69 years 
−0.93, 70 to >75 years −0.87

Cohen 201414 eGFR CKD- Epi Healthy cohort −0.97±0.02 Decline in healthy subjects (mL/min/1.73 m2/
year)
Age 20 to 30 years −0.82±0.22, 31 to 40 
years −0.84±0.08, 41 to 50 years −1.07±0.08, 
≥50 years −1.15±0.12. In 15.4% of subjects, 
there was no decline in eGFR with age

Grupper 201915 eGFR CKD- Epi −0.24 (control group) Not reported

Hemmelgarn 
200616

eGFR- MDRD Subgroup of participants without diabetes, 
and eGFR 60–89 mL/min/1.73 m2. Males 
−2.3 (95% CI −1.8 to 2.9) n=2964, females 
−1.1 (95% CI −0.6 to −1.6) n=3609
Overall decline −1.64

Did not report but stated they adjusted for 
age

Holscher 201917 eGFR- CKD- Epi White, no hypertension −0.38 (CI −0.41 to 
−0.35) n=6741,
hypertension −0.76 (−0.90 to −0.62) n=586
Black, no hypertension −0.32 (−0.38 to 
−0.25) n=825
Hypertension −0.91 (−1.20 to −0.62) n=81
Overall decline (no hypertension) −0.37

Not reported

Kasiske 201518 mGFR using 
Iohexol, eGFR 
CKD- Epi

Healthy control group 12–36- month follow- 
up: mGFR −0.44±7.35, eGFRcr −1.04±6.16, 
eGFRcys −0.33±7.36, eGFRcr- cys −0.73±6.38
36- month follow- up (n=173): mGFR 
−0.39±4.81, eGFRcr −0.46±3.68, eGFRcys 
−0.16±4.68, eGFRcr- cys −0.07±3.85

mGFR (mL/min/year)
<45 years −0.08±9.46
≥45 years −0.75±5.34

Larsson 198619 S- creatinine 
clearance,
51Cr- EDTA 
clearance

All: n=46 75 years=67±14.4, 79 
years=70±11.8
Without disease: n=15, 75 years=69±10.5, 
79 years=71±12.1, decline rate+0.4

Cohort was aged between 75 and 79 years.
No change in GFR during the study period

Lengnan 202120 S- creatinine, 
eGFR: CKD- 
Epi, MDRD, 
MDRDc, and 
FAS equations

Not reported eGFR (CKD- Epi) mL/min/year:
Males, age: 20–24 0.48, 25–29 0.46, 30–34 
0.36, 35–39 0.40, 40–44 0.39, 45–49 0.30, 
50–54 0.17, 55–59 0.07, 60–64 0.09, 65–69 
0.04, 70–74 0.03, 75–79 −0.01, ≥80 00.14.
Females, age: 20–24 −0.11, 25–29 −0.08, 
30–34 −0.02, 35–39 −0.03, 40–44 −0.07, 45–
49 −0.06, 50–54 −0.06, 55–59 0.00, 60–64 
0.10, 65–69 −0.02, 70–74 0.11, 75–79 0.09, 
≥80 00.06

Continued
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Patient and public involvement
Patients were not involved in the design, data extraction 
nor analysis of this review.

RESULTS
Description of studies
Search results
After exclusion of duplicates, we identified 1945 studies. 
From these, 136 full- text reports were assessed for eligi-
bility (figure 1). 121 studies were excluded: 78 studies 
included participants with pre- existing comorbidities, 20 
studies were not designed to longitudinally assess kidney 
function decline rates, 13 studies did not include adults 
>60 years old, 5 studies had fewer than 3 data points, and 
5 studies included participants with pre- existing kidney 
disease. Additionally, 91 full texts were identified and 
reviewed from reference lists, with none of these being 
eligible for inclusion (figure 1).

12 studies in total met inclusion criteria.6 13–23 Six 
were prospective cohort studies, four were retrospective 
cohort studies and two were randomised controlled clin-
ical trials (table 1). Three studies assessed particpants in 
the USA, two each in Israel and Sweden and one each 
in Canada, China, Japan and the UK. One clinical trial 
was conducted across 26 countries. The studies included 
129 359 healthy participants and ranged in size from 15 to 
46 682 participants. The studies were conducted between 
1958 and 2021 and ranged from 2 to 23 years duration 
(table 1). Five studies were performed in hospital outpa-
tient or screening clinics. Two studies were performed 
at kidney transplant centres, and three studies consisted 
of community volunteers. One study was performed in 
15 general practices, and one study recruited clinical 
trial participants from 1315 sites. All studies reported a 
healthy cohort but differed in the way they defined this. 
Studies that were performed at kidney transplant centres 
included non- donor control groups, and the healthy 

non- donors are the participants included in this system-
atic review. Exclusion and inclusion criteria for partici-
pants in each study are reported in table 1 and online 
supplemental table 1. Measurement method of GFR 
varied with each study, with some reporting measured 
GFR and others reporting estimated GFR with different 
equations (tables 1 and 2, online supplemental table 1).

Outcome measures
A meta- analysis was not performed due to substantial 
heterogeneity between the included studies, and instead, 
a structured synthesis was undertaken. 10 studies demon-
strated a decline in GFR over time, with mean annual 
rates of decline in the studies that reported overall 
cohort results ranging from −0.2415 to −3.6023 mL/
min/1.73 m2/year (table 2, figure 2). One longitudinal 
study reported no decline between age 75 and 79, but 
only had 15 healthy participants in the final analysis,19 
and one study did not report mean GFR change over 
time.20 Four studies were considered to have the strictest 
exclusion criteria, reporting cohorts without hyperten-
sion,6 14 17 21 and reported a mean annual decline rate 
of −0.37 to −1.07 mL/min/1.73 m2 (figure 2). Decline 
rates differed according to method of measurement, with 
the study that reported a decline in mGFR of −0.39 mL/
min/1.73 m2/year recording only a −0.07 mL/min/1.73 
m2/year decline for eGFRcr- cys

18 (table 2). The study 
that reported the largest decline rate had the shortest 
follow- up and was only measured over an average 2.3- year 
period.23 Only one study reported overall relative decline 
rate per year, with a result of −1.29 %/year6 (online 
supplemental table 2).

Five studies reported age- specific decline rates during 
each decade of age and one study dichotomised age into 
<45 and ≥45 years6 14 18 20 21 (table 2, online supplemental 
figure 2). One of these studies reported that the slope of 
decline with age decreased;6 whereas, three studies14 18 21 
reported an increase in decline rate with age (table 2, 

Study
Measurement 
method

Mean (SD) absolute decline per year (mL/
min/1.73 m2/year) Age- related decline

Lindeman
198421

S- creatinine 
clearance

Bcr (±SEM) −0.75±0.12, n=254, SD=1.9 Mean (SEM) GFR (mL/min/year)
Age 30–39.9 years+0.67±0.36, 40–49.9 years 
−0.32±0.19, 50–59.9 years −0.57±0.20, 
60–69.9 years −1.24±0.28, 70–79.9 years 
−1.49±0.30, 80–89.9 years −3.25±0.70

Price 202122 eGFR CKD- Epi Healthy controls −1.0±2 Age range 18–80, mean age at 5- year follow- 
up 50.3±12.91, age- specific decline not 
reported

Vidt 201123 S- creatinine, 
eGFR: CKD- 
Epi, MDRD

MDRD statin group −3.43, placebo group 
−3.6
CKD- Epi statin group −2.95, placebo group 
−3.2

Not reported

ACEI, angiotensin- converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, Body Mass Index; BP, blood pressure; CKD, chronic 
kidney disease; GFR, glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; NSAID, non- steroidal anti- inflammatory; urine 
ACR, urine albumin creatinine ratio.

Table 2 Continued
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online supplemental figure 2). One study reported a 
stable eGFR with age20 and one study reported no age- 
related decline in eGFR between age 75 and 79.19

Three studies reported the decline in GFR according 
to baseline GFR6 16 23 (online supplemental table 2). They 
showed opposite results, with two reporting a steeper 
slope with higher baseline GFR and a shallower slope with 
lower baseline GFR.6 23 The other study reported that the 
rate of decline in GFR increased as GFR decreased.16 This 
study excluded participants with a GFR >90 mL/min/1.73 
m2 (online supplemental table 1).

Four studies reported rate of decline with gender,6 14 16 19 
and in one study, participants were only male21 (online 
supplemental table 3 and figure 3). One of these 
studies reported a faster decline in males than females 
at −1.4 mL/min/1.73 m2/year (95% CI 1.2 to 1.6) for 
men and −0.8 mL/min/1.73 m2/year (95% CI 0.6 to 
1.0) for women in Canada;16 whereas, a larger study with 
longer- term follow- up of Japanese participants reported 
the opposite—a slower decline in males compared 
with females at −1.0±0.4 mL/min/1.73 m2/year in 
men and −1.1±0.4 mL/min/1.73 m2/year in women.6 
The other two studies reported no difference between 
genders14 19 (online supplemental table 3). Decline rates 

compared with ethnicity were not specifically reported; 
however, one study was done in Japanese people,6 one 
in Chinese people,20 seven in majority Caucasian popu-
lations,13 16 18 19 21 23 two in Israeli populations14 15 and 
one study specified and reported on a small proportion 
of African American participants17 (online supplemental 
table 3).

The proportion of participants that met the definition 
of CKD is described in Supplementary table 3 and ranges 
from 0% to 10% with one study reporting a separate 
subgroup of eGFR <60 mL/min/1.73 m2.16

Risk of bias of included studies
Risk of bias assessment of the included studies is reported 
in table 3 with further detail in online supplemental table 
6. We made several assumptions when considering risk 
of bias, which are described below. Only one study was 
judged to be at low risk of bias overall across every ‘risk of 
bias’ item.18 The remainder were judged to be at unclear 
or high risk of bias for one or more items. 11 studies 
were considered representative of a healthy community 
or outpatient cohort. All studies were low risk of bias for 
measurement of exposure, with age being the exposure 
of interest. Five studies were deemed at low risk of bias for 

Figure 2 Annual rate of age- related GFR decline in adults with no history of renal disease in 11 studies, grouped by studies 
which either excluded or included participants based on hypertension status.
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possible confounders, but three studies were unclear and 
four studies were at high risk of bias from confounding 
factors. Proteinuria is a significant risk factor for declining 
kidney function and therefore, a potential confounder. 
We considered the two studies that did not exclude 
participants with proteinuria at baseline to be high risk 
of bias for confounders,16 19 and one study23 an unclear 
risk of bias for this parameter. Eight studies excluded 
participants with reduced kidney function at baseline and 
hence, had a low risk that the outcome of interest (kidney 
function decline) was present at the start of the study 
(mean baseline eGFR 81.5–129.9 mL/min/1.73 m2), but 
two were unclear, and two were considered high risk of 
bias. Given that mGFR is the gold standard of validity 
for the outcome measurements, and that eGFR has 
various measurement issues, we considered studies that 
only used eGFR to be unclear risk of bias for outcome 
measurements. Only three studies used mGFR, and the 
remainder used various eGFR equations. We considered 
that 3 years was the minimum study length to be suffi-
ciently long for the outcomes of interest to occur. Nine 
studies had adequate duration of follow- up. Four studies 
had complete or adequate follow- up, but it was unclear 
how follow- up was measured in five of the studies, and 
two studies had inadequate follow- up. All 12 studies had 
appropriate statistical analysis.

Sensitivity analysis
We explored the heterogeneity in study duration. We 
compared the mean annual decline rate of all studies 
with mean study duration. After excluding the two studies 
with <3- year follow- up,16 23 the highest rate of decline 
reduced from −3.60 to −1.07 mL/min/1.73 m2 (online 
supplemental figure 4). The study of 10 years duration 
only had 15 healthy participants in its final cohort (out of 
an initial 1148); therefore, even though they reported no 
change in GFR (annual decline rate+0.4 mL/min/1.73 
m2 between ages 75 and 79), we have excluded this study 
from our overall estimate of results due to concerns about 
survival bias.19

DISCUSSION
Statement of principal findings
This systematic review of 12 longitudinal cohort studies 
conducted in six countries (in addition to 26 countries 
from one study) provides a summary of the evidence for 
the change in kidney function (as measured by GFR) 
with age in healthy adults. Kidney function declines with 
age in normal, healthy adults. Mean decline rates range 
from −0.24 to −3.60 mL/min/1.73 m2/year across all 
participants and from −0.37 to −1.07 mL/min/1.73 m2/
year in people without hypertension. Results are mixed 
as to whether the decline rate speeds up or slows down 
with age. The relative rates of decline between men and 
women vary—with two studies reporting no difference, 
one study reporting a faster decline rate in men than 
women and one study reporting the opposite (faster 

decline in women). We were unable to compare differ-
ences in decline rates with ethnicity.

Strengths and limitations of this study
This systematic review assessed all the available primary 
studies to determine the decline of kidney function with 
age in healthy adults and included a large number of 
participants (n=129 359). The review was limited to studies 
with three or more measurements of kidney function due 
to inherent inaccuracies with only two measurements, 
thereby improving the accuracy of the findings. However, 
this may introduce a survival bias into the results. Studies 
in this review ranged from 2 years to 23 years. The shorter 
duration of studies may not fully indicate the change in 
kidney function over time; whereas, the longer studies 
may have a survival bias. Rowe 1976 reports that annual 
testing for 18 years would be the minimally acceptable 
time to accurately assess an individual’s kidney function 
trajectory.24 We excluded studies that contained partici-
pants with pre- existing disease in order to determine the 
decline rate in healthy adults. This limits the generalis-
ability of these results to the general population, as the 
study population was by design a healthier one. Another 
limitation is that the studies did not record which partic-
ipants went on to develop hypertension, diabetes or 
proteinuria, which are risk factors for worsening kidney 
function. With one study, we were unclear about whether 
the study team excluded all possible comorbidities, 
particularly heart disease16; therefore, the results may not 
be consistent with the rest of the studies in the review. 
One study had a higher proportion of participants with 
hypertension (58%),23 and one study had 100% hyper-
tensive participants,13 which may have skewed their 
results to show a faster rate of decline in kidney function 
compared with the other studies which had only small 
proportions of participants with hypertension. One study 
only had a very small final cohort of healthy participants 
(n=15/1148),19 raising concerns about survival bias; there-
fore, we excluded this study from our overall summation 
of results. Our studies ranged in time from 1958 to 2021. 
While all studies standardised their GFR measurements 
to body surface area, there may be differences in body 
composition in cohorts across that period of time.25 Addi-
tionally, there were changes in the methods of measure-
ment of creatinine and GFR across this period, and in 
calculation of eGFR, which may limit the comparison 
of the results.10 Three of the studies in this review used 
mGFR,13 18 19 and the remainder used eGFR with different 
equations. There is still debate over the accuracy of eGFR 
equations across the lifespan.10 Only one of the studies in 
this review assessed both mGFR and eGFR, with slightly 
slower decline in mGFR than eGFR but without a statis-
tical comparison being performed.18

We were unable to pool the results due to heteroge-
neity between the studies. The findings are also limited 
by the quality of the studies, with only one study judged 
to be at low risk of bias in all domains.18 The studies were 
mainly performed in populations of Japanese, Chinese 
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and Caucasian ethnicities, and only a small number of 
African American participants, with other participants’ 
ethnicity not specified, so this limits the generalisability 
of results to other populations.

Comparison with previous research
There is physiological evidence that kidney function 
declines in healthy ageing. As kidneys age, there is 
gradual senescence of the nephron and interstitium, with 
increasing numbers of sclerotic glomeruli and tubuloint-
erstitial fibrosis.26 27 Various mechanisms of sclerosis and 
fibrosis have been suggested. Renal fibrosis in ageing may 
be caused by the tissue repair response to injury, which 
may be normal or pathological.28 29 Additionally, there is 
a 10% decline per decade (from the age of 30) in renal 
plasma flow.26 27 30 This occurs in healthy adults, and a 
greater change is seen in men compared with women.31 
These mechanisms are accelerated by comorbidities 
such as hypertension, glucose intolerance and diabetes, 
atherosclerosis and lipid abnormalities.32 33 However, they 
also reflect the normal ageing process and are found in 
healthy persons of advanced age.26

Previous cross- sectional studies have shown the decline 
in kidney function with age in healthy adults in different 
populations4 6–8 31 34–50 (see online supplemental table 4). 
These 22 studies represented a wide population range 
from Europe, Asia and Africa to the Americas. They 
included from 52 to 106 366 participants, all of whom 
were healthy, with an age range from 18 to 110 years. 
Annual decline rates for both sexes ranged from −0.40 
to −1.49±0.61 mL/min/1.73 m2/year in these studies. A 
seminal paper on this topic reported that this decline 
commenced after the age of 40 years, based on the inde-
pendence of age as a variable for participants aged 19–40 
years according to cross- sectional data.41 However, data 
from five longitudinal studies in our systematic review, 
which included participants above and below the age of 
40 years, show a mixed relationship with increasing age. 
Three of the longitudinal studies reported an increase 
in decline with increasing age consistent with the cross- 
sectional data,14 18 21 but one reported no change,20 
and one reported a slower decline with increasing age 
compared with participants under the age of 40 years.6 
Most of the cross- sectional studies reported a similar 
decline rate in males and females, with a cross- sectional 
meta- analysis also supporting no difference in rates of 
decline between the sexes.8 However, selective mortality, 
cohort differences and individual variability of GFR may 
limit the interpretation of this cross- sectional data. Longi-
tudinal data from cohort studies was required to evaluate 
incidence and individual risk with ageing.

We excluded studies with only two data points from 
this review due to reproducibility issues inherent in GFR 
calculation—the technical and clinical variability in 
measurement of GFR and biological variability of GFR in 
an individual.10 Decline rates from these excluded studies 
can be found in Supplementary Tables 4 and 5.51–57 They 
show a mean decline rate of between −0.36 and −1.83 mL/

min/1.73 m2/year, which is consistent with the data 
seen in this systematic review. We also excluded studies 
that included participants with comorbidities. There are 
several large longitudinal cohort studies with millions 
of individuals with data on GFR decline.2 58 However, 
the purpose of these studies was to investigate the rela-
tive risk of various comorbidities on the decline in GFR, 
and so, conclusions cannot be made about the normal 
decline with healthy ageing from these studies. The cross- 
sectional studies, studies with only two data points and 
studies in this systematic review all have a broad concor-
dance regarding the rate of decline of GFR with age.

Implications for clinicians and policymakers
This systematic review shows that there is a decline in 
kidney function over time in healthy adults with no comor-
bidities or chronic disease. The decline in kidney func-
tion could be considered a normal part of healthy ageing. 
The normal decline rate could be considered between 
−0.37 and −1.07 mL/min/year in healthy adults without 
hypertension. With hypertension, this decline rate could 
be as high as −3.60 mL/min/1.73 m2/year at higher 
GFRs, although it may steady out and become less as the 
GFR drops below 60 mL/min/1.73 m2. This has implica-
tions for the diagnosis of chronic kidney disease, which 
currently has an absolute cut- off value of eGFR <60 mL/
min/1.73 m2, and does not take age into account. It also 
has implications for the monitoring of GFR in the elderly.

Implications for research
It is unclear what the normal rate of decline in kidney 
function is in other ethnicities, and further research 
should be performed in ethnicities not included in this 
systematic review. There is still lack of clarity around 
which eGFR equations are best for which age groups, with 
an ideal eGFR equation not yet available.25 In the mean-
time, consideration should be given to the use of several 
biomarkers (eg, creatinine+cystatin C) to get an accurate 
picture in older patients with lower muscle mass. The 
relationship between kidney volume and healthy ageing 
is another parameter for further research and what role it 
might play in predicting adverse outcomes.59

CONCLUSION
This study is the first systematic review to investigate 
the longitudinal decline in kidney function with age in 
healthy individuals. The normal decline rate could be 
considered between −0.37 and −1.07 mL/min/year in 
healthy adults without hypertension. Kidney function 
decline rates in healthy adults may be helpful to clinicians 
anticipating patients’ kidney trajectory and determining 
whether CKD- specific care is required.
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