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Abstract
Introduction: Kidneys are a�ected by the aging process, usually su�ering a progressive glome-
rular �ltration rate (GFR) reduction of around 1 ml/year as of 30 years of age. Nevertheless, few
older subjects show a stable GFR over time. This phenomenon has not been exhaustively studied,
and even less in the Southern Cone.
Aim: The aim was to estimate the prevalence of preserved GFR in a representative sample of
older adults and explore the association between cardiovascular risk factors and preserved GFR
in older individuals.
Methods: We used data from a cross-sectional survey of a random sample of 1571 participants
aged 65-74 years from 4 cities of the Southern Cone. We describe the prevalence of eGFR ≥80
ml/min/1.73 m2 and sociodemographic, biological, behavioral risk factors and medication use.
Backward stepwise logistic regression analysis was used to study the e�ect of cardiovascular
risk factors on eGFR ≥80 ml/min.
Results: In this study, 962 had an eGFR >80 ml/min/1.73 m2 and 154 were healthy adults (Preva-
lence= 17.01 % [95 %CI 14.5 %; 19.9 %]). The median eGFR in the full sample was 85.53 ml/min/1.73
m2 (IQR: 73.12-91.26). The prevalence of eGFR >80 ml/min/1.73 m2 was higher among men.
Overall, older adults with no cardiovascular risk factors and eGFR >80 ml/min/1.73 m2 were
predominantly men and showed a lower prevalence of dyslipidemia.
Conclusion: The present study documented that 17 % of healthy older individuals have preser-
ved glomerular �ltration rate (eGFR>80 ml/min/1.73 m2) despite their advanced age.
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Tasa de �ltración glomerular conservada en personas
mayores. Un estudio de base poblacional en el Cono Sur de

América Latina

Resumen
Introducción: Los riñones se ven afectados por el proceso de envejecimiento, sufriendo habitualmente
una reducción progresiva de la tasa de �ltración glomerular (TFG) de alrededor de 1 ml/año a partir
de los 30 años de edad. Sin embargo, son pocos los sujetos de edad avanzada que muestran una TFG
estable a lo largo del tiempo. Este fenómeno no ha sido estudiado exhaustivamente, y menos aún en el
Cono Sur.
Objetivo: El objetivo fue estimar la prevalencia de la TFG conservada en una muestra representativa de
adultos mayores y explorar la asociación entre los factores de riesgo cardiovascular y la TFG conservada
en individuos de edad avanzada.
Métodos: Utilizamos datos de una encuesta transversal de una muestra aleatoria de 1571 participantes
de 65-74 años de edad de 4 ciudades del Cono Sur. Describimos la prevalencia de FGe ≥80 ml/min/1,73
m2 y los factores de riesgo sociodemográ�cos, biológicos y conductuales y el uso de medicamentos. Se
utilizó un análisis de regresión logística por pasos hacia atrás para estudiar el efecto de los factores de
riesgo cardiovascular sobre la TFGe ≥80 ml/min.
Resultados: En este estudio, 962 tenían una TFGe >80 ml/min/1,73 m2 y 154 eran adultos sanos (Pre-
valencia= 17,01 % [IC 95 % 14,5 %; 19,9 %]). La mediana de la TFGe en la muestra completa fue de 85,53
ml/min/1,73 m2 (IQR: 73,12-91,26). La prevalencia de la TFGe >80 ml/min/1,73 m2 fue mayor entre los
hombres. En general, los adultos mayores sin factores de riesgo cardiovascular y con una TFGe >80
ml/min/1,73 m2 eran predominantemente hombres y mostraban una menor prevalencia de dislipidemia.
Conclusiones: El presente estudio documentó que el 17 % de los individuos mayores sanos tienen una
tasa de �ltración glomerular preservada (TFGe>80 ml/min/1,73 m2) a pesar de su avanzada edad.

Palabras clave: enfermedad cardiovascular, diabetes mellitus, personas mayores, tasa de �ltración glo-
merular, prevalencia

Introduction

The proportion of older people in the general population is steadily increasing worldwide,
with the most rapid growth in low- and middle-income countries [1]. This demographic
change is the consequence of socioeconomic development and better life expectancy.
However, population aging also has important implications for society – in diverse areas
including health systems, labor markets, public policy, social programs and family. A
successful response to the aging population will require capitalizing on the opportunities that
this transition o�ers, as well as e�ectively addressing its challenges [2].
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In Argentina 10.2 % of the population consists of people older than 65 years. The older
population is estimated to be19.3 % in 2050 and 24.7 % in 2100, based on data of The World
Bank [3].

Older adults have socio-biological features, characteristic diseases and special needs,
which carry important concerns and require speci�c attention [4]. Longevity entails an
increase in the occurrence of acute clinical conditions, and the prevalence of chronic ones [5].
However, it should be taken into account that there are at least two types of aging: the
usual one, which appears when aging-related changes reduce the homeostatic capability of
the organism, and the successful aging which is unusual, and appears when aging related-
changes are slightly marked, leading to insigni�cant functional changes compared to young
individuals [6].

Kidneys are a�ected by the aging process, which results in many e�ects on the renal
system. As we have mentioned, older population is heterogeneous - some have a progressive
decline in their glomerular �ltration rate (GFR) of around 1 ml/year as of 30 years of age,
whereas in healthier adults the decline in GFR is much more subtle. Lindeman et al. reported
the results of longitudinal studies showing that the rate of decline in renal function was 0.75
ml/min/year. However, as many as 1 out of 3 subjects showed a stable GFR over time [7].

Fliser et al. proposed that GFR changes linked to aging might be the consequence of an
altered responsiveness to vasodilators and vasoconstrictors [8, 9]. This theory is based on
observations that the �ltration fraction increases with aging, due to a disproportionate fall
in renal plasma �ow relative to GFR. Other authors have attributed the age-related GFR
reduction to the aging-induced glomerulosclerosis process and/or the reduced metabolic rate
characteristically found in older individuals [10]. However, it should be considered that a
preserved GFR in an older individual could be secondary to successful aging, or the stage
I (GFR: ≥90 ml/min/.73 m2) of chronic kidney disease (CKD) in an older individual. The
presence of CKD markers (proteinuria, altered renal ultrasound, etc.) and/or hyper�ltration
inducing comorbidities can contribute to distinguishing these alternative settings.

This phenomenon of the preserved GFR in older people has not been thoroughly studied,
even less in the Southern Cone. The aim of this study was to estimate the prevalence of pre-
served GFR, and to explore the association between cardiovascular risk factors and preserved
GFR in older individuals.
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Methods

Study design and setting

This cross-sectional study collected data on baseline CKD markers from the ongoing CES-
CAS study [9]. The CESCAS study is a population-based prospective cohort study, which
entails a probabilistic sample of 7524 non institutionalized mainly urban men and women
between 35 and 74 years of age, representing the general adult population of four cities in Ar-
gentina, Chile and Uruguay. Details on the design of the study were published elsewhere [11].
For the purpose of this study, we focused on 1571 older adults (65-74 years old) with a valid
creatinine measurement.

Participants and recruitment

As the prevalence of cardiovascular disease (CVD) risk factors was considered likely to
vary by age, gender and geographical area, the study sampling was strati�ed by these varia-
bles, following a complex sampling design that consisted of four strati�ed stages to obtain a
representative sample of the following cities: Marcos Paz (Argentina), San Carlos de Bariloche
(Argentina), Temuco (Chile) and Canelones Department (Uruguay). Participants who accepted
to be part of this study were interviewed at home and invited to visit a local facility for clinical
examination and laboratory measurements.

Data collection

The protocol for the CESCAS I Cohort Study has already been published [11].

Trained interviewers gathered information about participant characteristics including
demographic, socioeconomic and healthcare insurance, personal and family history of
cardiovascular diseases and risk factors such as high blood pressure, dyslipidemia and
diabetes mellitus, as well as current pharmacological treatment.

Trained personnel measured height and weight from all participants during the clinic visit.
Each measurement was taken three times, and the average of the three values was used for
analyses. In addition, three systolic (SBP) and diastolic (DBP) blood pressure measurements
were obtained using standardized procedures.
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Laboratory measurements

After an overnight fast, venous blood was collected for plasma glucose, serum lipid pro�le
and creatinine. Serum creatinine was measured by the modi�ed kinetic Ja�é method (IDMS-
TRACEABLE). LDL cholesterol levels were calculated using the Friedewald equation for par-
ticipants with triglyceride levels <400 mg/dl.

Study variables

The estimated GFR (eGFR) was de�ned using the CKD-Epidemiology (CKD-EPI) colla-
boration equation using serum creatinine as a �ltration marker based on the latest Kidney
Disease Improving Global Outcomes (KDIGO) guideline [12].

As the GFR normally decrease with aging, we de�ned preserved GFR using eGFR (CKD-
EPI) > 80 ml/min/1.73 m2 based on the metanalysis of Pottel et al 2017 [13].

Diabetes mellitus was de�ned as fasting plasma glucose ≥126 mg/dL or self-reported
physician diagnosis or use of anti-diabetic medication] [14]. Hypertension was de�ned as
systolic blood pressure (SBP) ≥140 mmHg, diastolic blood pressure (DBP) of ≥90 mmHg or
being on anti-hypertensive therapy at the time of enrollment [13, 14]. Obesity was de�ned
through the BMI index ≥30 and dyslipidemia was de�ned by total serum cholesterol ≥240
mg/dL and/or LDL cholesterol ≥160 mg/dL and/or HDL cholesterol <40 mg/dL and/or
triglycerides ≥200 mg/dL and/or current use of medication to lower serum lipids [16].

Within behavioral risk factors, we considered low intake of fruits and vegetables as <5
servings per day, which was estimated using a self-administered food frequency question-
naire validated in Argentina, Chile, and Uruguay [17]. Physical activity was measured using
the International Physical Activity Questionnaire (IPAQ), and low-physical activity was
de�ned as 600 MET-minutes/week of total physical activity using the metabolic equivalent
(MET) formula [18]. History of cardiovascular disease was self-reported, including any of
the following conditions diagnosed by a physician: acute myocardial infarction, angina,
heart failure, cerebrovascular events, peripheral vascular disease or coronary or peripheral
revascularization. History of cancer was self-reported as diagnosed by a physician [11,19,20].

Pharmacological treatment with drugs that a�ect the renal function was de�ned using
the Anatomical Therapeutic Chemical (ATC) code in the following drug groups: angiotensin-
converting enzyme inhibitors (ACEI), non-steroidal anti-in�ammatory drugs (NSAIDs) and
proton pump inhibitors (PPIs).
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12-Item Short Form Health Survey (SF-12) measures of physical status was used as a frailty
indicator (MCS12) [21]. SF-12 component scores were calculated as standardized scores to-
wards the USA population as a reference group. This reference population has a mean score
of 50 with a standard deviation (SD) of 10.

Healthy older adults

We de�ned healthy older adults when one or more of the following conditions were ab-
sent: hypertension, diabetes mellitus, and obesity or cardiovascular disease (acute myocardial
infarction, angina, heart failure, cerebrovascular events, peripheral vascular disease, coronary
or peripheral revascularization) [22].

Statistical Analysis

Weighted percentages for categorical variables and weighted means for continuous varia-
bles along with 95 % con�dence intervals (CI) were used to describe the characteristics of the
study population and the prevalence of eGFR >80 ml/min/1.73 m2. For prevalence of healthy
older adults, number of participants without cardio metabolic conditions or cardiovascular
disease over the total number of participants. Prevalence Ratio (PR) was calculated using the
following formula: PR = OR/(1 + p in non-exposed ∗ [OR − 1]) and Adjusted Attributable
Prevalence Fraction was calculated as (p in non-exposed × (PR − 1))/(p n non-exposed ×
(PR− 1) + 1). Backward stepwise logistic regression analysis was used to study the e�ect of
cardiovascular risk factors on eGFR >90 ml/min. A p-value <0.20 was required for retention
of each variable in the �nal model. Results are presented as adjusted odds ratio (aOR) and 95 %
CI. All statistical analyses were performed using the statistical software Stata IC, version 14.2
(Stata Corp., College Station, TX, USA). Due to the complex sampling design, we used the svy-
set command to account for sample strati�cation and weighting to provide unbiased estimates
of the population parameters. Statistical signi�cance was de�ned as a two-sided p-value <0.05
for all tests.

Results

Of the total sample of 1571 adults aged 65-74 with complete laboratory data on plasma
creatinine, the median eGFR was 85.5 ml/min/1.73 m2 (IQR: 73.1-91.3). 962 subjects had an
eGFR >80 ml/min/1.73 m2. Of those, 154 were healthy older adults (Weighted Prevalence=
17.0 %).

Regarding the targeted healthy older population, the mean of SBP was 22.9 mmHg points
lower, DBP 8.2 mmHg points lower, glycemia 20 mg % points lower and BMI was 4.7 points
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lower than in non-healthy older adults. All these variables were signi�cantly lower in relation
to the features of these parameters in the non-healthy older people. Nonsteroidal Anti-
In�ammatory Drugs (NSAIDs) use was also lower in the healthy older group. Conversely,
quality of life in the physical score was higher, 3 points higher in the healthy group with no
di�erence in the mental domain. See table 1.

The prevalence of healthier older adults with eGFR >80 ml/min/1.73 m2 was higher among
men (19.0 vs. 15.6), in current smokers: 29.8 and lower in subjects with dyslipidemia (p=0.02).
See table 2.

The multivariable logistic regression model showed that presence of dyslipidemia aOR 0.6
(0.4; 0.9), current smoking aOR 1.9 (1.2; 2.9) and quality of life in physical domain aOR 1.03
(1.0; 1.1) were independent factors associated with an eGFR >80 ml/min/1.73 m2. Based on
the formula for the adjusted attributable fraction for prevalence, this represents 8 % due to
dyslipidemia, 9 % to smoking and 1 % to physical QoL. See table 3.

Discussion

In the present study, the prevalence of preserved GFR (≥80 ml/min/1.73 m2) in healthy
older individuals (age ≥ 65 years) from the general population of the Southern Cone of Latin
America was 17 %. This older population presented similar prevalence of cardiovascular risk
factors as mentioned in others population-based studies in the region [11, 23, 24].

The reduction of eGFR secondary to aging was originally reported by Davies et al. in
1950, when they measured eGFR by using insulin clearance, �nding a decrease from 122.8
± 16.4 ml/min/1.73 m2 at 30 years of age to 65.3 ± 20.4 ml/min/1.73 m2 at 90 years of age
in 70 healthy individuals. [25] This �nding was later recon�rmed by Rowe et al in 1976,
using 24 hours creatinine clearance in a cross-sectional analysis where 548 subjects showed a
statistical di�erence in creatinine clearance at age 30 to 80 [26]. However, aging-related eGFR
reduction has a lower declining rate (0.75-1 ml/min/year) than the one usually induced by
CKD (≥3 ml/min/year). Lindeman et al. obtained serial creatinine clearances from 254 normal
volunteers followed between 1958 and 1981 in the Baltimore Longitudinal Study of Aging.
Even though they documented a mean decrease in creatinine clearance of 0.75 ml/min/year,
they also observed that one third of all subjects being followed had no absolute decrease in
renal function with age [7]. However, “preserved eGFR “could be attributed not only to a
successful renal aging but also to a hyper�ltration status induced by an early stage of CKD
(stage I) [6,27]. In addition, the presence of the main prevalent conditions, most of them CKD
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Tabla 1. Description of main characteristics of healthy and unhealthy older adults with eGFR ≥80
ml/min

Healthy older adults eGFR
>80 ml/min (n=154)

Unhealthy older adults eGFR
>80 ml/min (n=808)

Gender%
Female 53.4 (44.8; 61.9) 59.4 (55.6; 63.1)
Age (mean)

68.9 (68.4; 69.4) 69.5 (69.1; 69.6)
Education level %
Primary level 50.7 (42.1; 59.3) 59.34 (55.5; 63.1)
Secondary level 38.1 (29.9; 46.9) 28.7 (25.3; 32.3)
Tertiary or higher level 11.2 (6.9; 17.8) 11.9 (9.6; 14.8)
Location%
Marcos Paz (Argentina) 7.5 (5.3; 10.7) 9.9 (8.6; 11.4)
Bariloche (Argentina) 26.2 (20.3; 35.4) 27.3 (24.0; 30.8)
Temuco (Chile) 50.1 (41.5; 58.7) 44.6 (40.7; 48.6)
Barros Blancos (Uruguay) 15.1 (10.6; 21.1) 18.2 (15.8; 20.8)
Biological risk factors (mean); %
Systolic Blood Pressure
mmHg (mean)

122.7 (120.9; 124.5) 145.6 (144.0; 147.1)

Diastolic Blood Pressure mmHg(mean) 76.4 (75.2; 77.6) 84.6 (83.7; 85.4)
Fasting glucose mg %(mean) 90.0 (88.5; 91.5) 109.9 (106.8; 113.2)
Body Mass Index (BMI) kg/m2(mean) 25.3 (24.7; 25.8) 30.0 (29.6; 30.4)
Dyslipidemia 52.1 (43.5; 60.6) 63.9 (60.2; 67.5)
Behavioral risk factors (mean); %
Low physical activity 33.8 (26.1; 42.4) 46.1 (42.3; 49.9)
Alcohol consumption 51.4 (42.8; 59.9) 34.1 (30.6; 37.8)
Current smoking 24.8 (18.1; 32.9) 11.9 (9.7; 14.7)
Cancer history 6.7 (3.3; 13.0) 7.96 (6.1; 10.3)
Protein intake /2000
kg Cal (mean)

1839 (1703.6; 1974.3) 1851.3 (1795.7; 1906.9)

Sodium intake /2000
kg Cal (mean)

77.7 (74.1; 81.3) 82.7 (80.9; 84.4)

Unhealthy diet 81.9 (74.0; 87.9) 77.2 (73.9; 80.3)
Regular drugs use%
Nonsteroidal anti-in�ammatory
drugs (NSAIDs)

12.1 (7.8; 18.4) 21.7 (18.7; 25.1)

Proton pump inhibitors (PPIs) 6.1 (3.1; 11.7) 8.3 (6.5; 10.7)
Quality of life
Physical score (SF-12), mean 47.4 (45.8; 48.9) 44.5 (43.8; 45.3)
Mental score (SF-12), mean 53.6 (51.5; 55.6) 53.7 (52.8; 54.6)

Source: own elaboration.
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Tabla 2. Prevalence of eGFR ≥80 ml/min/1.73 m2 healthy older adults among di�erent variables sub-
groups

Characteristics
Prevalence of GFR ≥80 ml/min
healthy older people % (95% CI)

Overall 17.0 (14.5; 19.9)
Gender
Male 19.0 (15.2; 23.6)
Female 15.6 (12.4; 19.4)
Education level
Primary level 14.9 (11.9; 18.4)
Secondary level 21.4 (16.4; 27.5)
Tertiary or higher level 16.1 (9.9; 25.1)
Location
Marcos Paz (Argentina) 13.5 (9.8; 18.3)
Bariloche (Argentina) 16.9 (12.5; 22.5)
Barros Blancos (Uruguay) 14.6 (10.4; 20.0)
Temuco (Chile) 18.7 (14.5; 23.8)
Biologic risk factors
Dyslipidemia 14.3 (11.4; 17.8)
Behavioral risk factors and history of events
Low physical activity 13.1 (9.8; 17.2)
Alcohol consumption 23.6 (18.9; 28.9)
Current smoking 29.8 (21.9; 38.9)
Unhealthy diet 17.9 (15.1; 21.2)
Cancer history 14.8 (7.5; 27.1)
Regular drugs use
Nonsteroidal Anti-In�ammatory
Drugs (NSAIDs)

10.3 (6.6; 15.7)

Proton Pump Inhibitors (PPIs) 13.1 (6.8; 23.9)
*All % were weighted and the CI

Source: own elaboration.

inducers, such as hypertension, diabetes mellitus, dyslipidemia, and their pharmacological
treatment have been used as proxy markers to distinguish healthy older individuals from
unhealthy ones in our study.

An eGFR >80 ml/min/1.72 m2 was more prevalent in men, smokers, and those individuals
who had lower serum lipid levels, and higher physical score. Regarding the relationship
between male sex and preserved eGFR in healthy older people, it is di�cult to be explained
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Tabla 3. Logistic regression model and adjusted attributable prevalence fraction ( %) for the association
between cardiovascular risk factors and eGFR ≥80 ml/min/1.73 m2 in older adults

eGFR >80 ml/m/1.73 m2 aOR 95% CI P value aAPF‡%
Female 0.8 0.5; 1.2 0.31 **
Age (yrs) 0.9 0.9; 1.0 0.26 **
Dyslipidemia 0.6 0.4; 0.9 0.01 0.1
Protein intake 1.0 0.9; 1.0 0.09 **
Low physical activity 0.7 0.5; 1.1 0.14 **
Current smoking 1.9 1.2; 2.9 <0.01 0.1
Alcohol consumption 1.5 1.0; 2.1 0.05 **
Physical score (SF-12) 1.03 1.0; 1.1 0.01 0.01

Source: own elaboration.

since it is already known that renal diseases are more prevalent in men than in women, and
testosterone has been postulated as one of the substances involved in promoting age-related
glomerular sclerosis [26–28]. However, it is already known that the female hormonal protec-
tive factor is lost in older individuals [30]. Moreover, previous studies performed in successful
renal aging populations reported no univocal associations between gender and preserved
GFR, since they �uctuated between the presence of some gender preponderance [13, 31] until
no gender preponderance [32–34]. Obviously, there are other unknown underlying factors
which are unknown and may determine this phenomenon [11, 29, 30, 35].

As to the �nding of a higher prevalence of eGFR > 80 ml/min/1.73 m2 in smokers who
had lower serum lipid levels and higher physical scores, it could be speculated that these are
characteristics of a group of robust and very active older individuals who require neither diet
changes nor lifestyle restrictions [28, 29]. In this sense, there is attributed to evidence that
physical activity could be bene�cial both to prevent GFR decline and to improve the quality
of life in these patients [35].

It is worth pointing out that it is well-known that the aging process has an asynchronous
nature, and that successful aging of one organ (e.g. a kidney with a preserved GFR value) can
coexist with the pathologic aging of another organ (e.g. a brain a�ected by dementia) [6]. It
has been estimated that genes play a role in about 25 % of the variation in longevity, whilst
environment and individual variability may have an even higher impact. A progressive defect
in DNA repair mechanisms, accompanied by a shortening of the telomeres is a characteristic
of normal physiological aging [35]. Older individuals who have no hyper�ltration inducing di-
sease should be carefully evaluated in future studies in order to better understand their renal
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physiology, as well as the underlying mechanisms. It should be mentioned that unlike CKD-
related eGFR reduction, age-related eGFR (usual aging) presents no altered urinalysis, serum
creatinine, urea, hemoglobin, or parathyroid hormone levels, or abnormal renal ultrasound.
Since this was a retrospective analysis of the data obtained from the CESCAS study, these
clinical markers could not be measured in our study. However, the main prevalent conditions,
most of them CKD inducers, such as hypertension, diabetes mellitus, dyslipidemia, and phar-
macological treatment were used as proxy markers to classify healthy older individual from
unhealthy ones.

Conclusion

The present cohort study documented that 17 % of healthy older individuals have preserved
glomerular �ltration rate (eGFR≥ 80 ml/min/1.73 m2) despite their advanced age. This pheno-
menon of successful renal aging deserves further investigation to �nd out what the implicated
mechanisms would be.
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