Experimental Gerontology 51 (2014) 65-70

Contents lists available at ScienceDirect Fdtier
xperimental

Gerontology

Experimental Gerontology

journal homepage: www.elsevier.com/locate/expgero

Renal function in familial longevity: the Leiden Longevity Study

@ CrossMark

Moniek C.M. de Goeij %, Nynke Halbesma ?, Friedo W. Dekker ¢, Carolien A. Wijsman ¢, Diana van Heemst "<,
Andrea B. Maier ¢, Simon P. Mooijaart ”¢, P. Eline Slagboom ,
Rudi G.J. Westendorp ”#, Anton ].M. de Craen ><*

@ Department of Clinical Epidemiology, Leiden University Medical Center, Leiden, The Netherlands

b Department of Gerontology and Geriatrics, Leiden University Medical Center, Leiden, The Netherlands

¢ Netherlands Consortium for Healthy Ageing, Leiden University Medical Center, Leiden, The Netherlands

4 Department of Internal Medicine, Section of Gerontology and Geriatrics, VU University Medical Center, Amsterdam, The Netherlands
€ Institute for Evidence-Based Medicine in Old Age, Leiden, The Netherlands

T Department of Molecular Epidemiology, Leiden University Medical Center, Leiden, The Netherlands

& Leyden Academy on Vitality and Ageing, Leiden, The Netherlands

ARTICLE INFO ABSTRACT

Article history:

Received 4 June 2013

Received in revised form 18 December 2013
Accepted 23 December 2013

Available online 2 January 2014

Studying renal function in subjects with a familial propensity for longevity may provide insight in (un)known
mechanisms that determine the age-related decline in renal function of normal subjects. In the Leiden Longevity
Study, middle-aged offspring of non-agenarian siblings and their partners as environmentally matched controls
were included. Information was collected on lifestyle, medical history, medication use, and a non-fasting blood
sample was drawn. Renal function (estimated glomerular filtration rate, eGFR) was assessed with the Chronic
Kidney Disease epidemiology collaboration (CKD-EPI) formula. Linear mixed models were used to account for
familial dependencies within the offspring and all analyses were stratified by sex. eGFR was similar between
Keywords: female offspring and female controls (0.44 ml/min/1.73 m? (SE 0.72) difference, p = 0.54, age-adjusted). Male
Aging offspring had a higher eGFR compared to male controls (1.78 ml/min/1.73 m? (SE 0.78) difference, p = 0.022,
Cardiovascular disease age-adjusted), and further adjustments for various characteristics did not materially change this difference.
Longevity Among men with a history of hypertension, or myocardial infarction and/or stroke, offspring had a higher
Renal function eGFR compared to controls (4.74 ml/min/1.73 m? (SE 1.53) difference, p = 0.002, age-adjusted, and
Sex 6.21 ml/min/1.73 m? (SE 2.85) difference, p = 0.033, age-adjusted, respectively). Middle-aged men, but not
women, with a propensity for longevity have better renal function compared to environmentally matched controls,
especially among those with a history of cardiovascular disease.
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1. Introduction

Longevity is a complex phenotype that results from genetic factors,
environment (including lifestyle), chance, and the interaction between
these factors. Studies designed to identify genetic determinants for fa-
milial longevity have shown that centenarians (Evert et al., 2003) and
their offspring (Atzmon et al., 2004; Terry et al., 2003), and offspring
of familial non-agenarians (Westendorp et al., 2009) have a lower prev-
alence of diabetes mellitus, hypertension, and cardiovascular disease,
including myocardial infarction. Furthermore, insulin sensitivity is pre-
served in centenarians (Paolisso et al., 1996) and offspring of nonage-
narians have better glucose tolerance (Rozing et al., 2010) and better
peripheral insulin sensitivity (Wijsman et al., 2011) than environmen-
tally matched controls. These observations indicate that offspring of

* Corresponding author at: Department of Gerontology and Geriatrics, Leiden
University Medical Center, PO Box 9600, 2300 RC, Leiden, The Netherlands. Tel.: +31 71
526 6640; fax: +31 71 524 8159.

E-mail address: craen@lumc.nl (A.J.M. de Craen).

0531-5565/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.exger.2013.12.012

long-lived subjects have a better metabolic profile. Moreover, most pa-
rameters associated with longevity differ between men and women.

Studying renal function in subjects with a familial propensity for lon-
gevity may provide insight in (un)known mechanisms that influence
the decline in renal function of normal subjects. With increasing age,
renal function decreases with approximately 0.4 ml/min/1.73 m?/year
from the age of 18 years onwards (Wetzels et al., 2007). This age-
related decline is higher in patients with cardiovascular disease and
diabetes mellitus, which are two important risk factors for the decline
in renal function (Kronborg et al., 2008). Risk factors for these co-
morbidities, such as body mass index (BMI), blood pressure, inflamma-
tion, glucose metabolism, and lipid metabolism, also independently
accelerate renal function decline (Halbesma et al., 2008; Kronborg
et al., 2008). Treatment of patients with renal insufficiency mainly fo-
cuses on these modifiable renal risk factors (Anon, 2002).

The Leiden Longevity Study was designed to identify genetic deter-
minants of familial longevity (Schoenmaker et al., 2006; Westendorp
et al.,, 2009). In this study, nonagenarian siblings and their offspring,
who are genetically enriched for longevity, were included. The offspring
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and the controls, partners of the offspring who are environmentally
matched, were used to assess whether at middle-age familial factors re-
lated to longevity (genetic or early environmental) influence renal
function.

2. Methods
2.1. Study design and participants

In the Leiden Longevity Study 421 families were included, with at
least two alive long-lived siblings of 89 years or older for men and
91 years or older for women and with identical Dutch parents. A more
detailed description of the study design has been provided elsewhere
(Schoenmaker et al., 2006; Westendorp et al., 2009). For 1671 of the
offspring of these families and 744 partners of these offspring, all
Caucasian, non-fasting blood serum samples were drawn at baseline.
Additional information was collected on self-reported lifestyle, informa-
tion on medical history from the participants' general practitioners and
information on medication use from the participants' pharmacies. The
Medical Ethical Committee of the Leiden University Medical Center
approved the study and written informed consent was obtained from
all subjects.

2.2. Renal function

Glomerular filtration rate (GFR) was estimated with the Chronic
Kidney Disease epidemiology collaboration (CKD-EPI) formula (Levey
et al., 2009), the Modification of Diet in Renal Disease (MDRD) formula
(Levey et al., 2000), and creatinine clearance (ml/min) was estimated
with the Cockcroft Gault (CG) formula (Cockcroft and Gault, 1976).
The CKD-EPI and MDRD formula use sex, age, black race, and serum
creatinine to estimate GFR (eGFR, ml/min/1.73 m?). The exact
formulas are as follows: CKD-EPI; female with creatinine (mg/dl)
<0.7, 144 x (creatinine (mg/dl) /0.7)~ 9329 x 0.99338¢ (vears)
(x1.159 if African-American); female with creatinine (mg/dl) >0.7,
144 x (creatinine (mg/dl) / 0.7)~ 1299 x 0.993%¢ (vears) (%1159 if
African-American); male with creatinine (mg/dl) <0.9, 141 x (creatinine
(mg/dl) / 0.9)~ %411 % 0.99338¢ (vears) (51,159 if African-American); male
with creatinine (mg/dl) >0.9, 141 x (creatinine (mg/dl) /0.9)™
1.209 5 09933 (vears) (1,159 if African-American), and MDRD: 186 x
creatinine (mg/dl)~1>* x age (years)~%2%3 (x0.742 if female) (x1.210
if African-American). Compared with these formulas, the CG formula in-
cludes body weight and excludes black race; (140 — age (years)) x
body weight (kg)/creatinine (mg/dl) x 72 (x0.85 if female). To com-
pare the CG estimate with the other two estimates, we normalized it
per 1.73 m? of body surface area (BSA) using the formula of Du Bois
and Du Bois (1916); BSA = (body weight (kg)%*?> xheight (cm)
0.725) % 0.007184.

2.3. Blood parameters

Creatinine levels were measured in a non-fasting blood sample
by Kinetic Alkaline Picrate methodology. Glucose, high sensitivity
C-reactive protein (hsCRP), high density lipoprotein (HDL)-cholesterol,
and triglyceride levels were measured on a Hitachi Modular P 800
(Roche, Almere, The Netherlands).

2.4. Statistical analyses

Continuous data are given as mean + standard deviation (SD) and
dichotomous data are given as percentages (%). hsCRP and triglyceride
levels were logarithmically transformed prior to analyses and geometric
means with their SD are reported for these transformed variables. Inde-
pendent t-tests were used to assess differences in continuous data be-
tween offspring and controls and for dichotomous data chi-square
tests were used.

As primary outcome we used the eGFR calculated with the CKD-EPI
formula. This formula has the highest accuracy in patients with an eGFR
above 60 ml/min/1.73 m? (Michels et al., 2010). Because renal function
declines with increasing age (Xu et al., 2010) and effects related to lon-
gevity often differ between women and men, first the mean (standard
error (SE)) eGFR was calculated, stratified by sex, offspring/control sta-
tus, and age group (<55, 55-59, 60-64, and >65 years). Second, differ-
ences in eGFR between offspring and controls (AeGFR), stratified by sex,
were assessed with linear mixed models to adjust for the correlation of
sibling relationship. Furthermore, an interaction term between age con-
tinuously and offspring/control status was included in the model to as-
sess whether the difference in eGFR between offspring and controls
changes with increasing age. Thereafter, AeGFR was further adjusted
for age, medical history (diagnosis) of hypertension, cardiovascular dis-
ease (myocardial infarction and stroke), or diabetes mellitus, antihyper-
tensive medication, glucose lowering medication, glucose, hsCRP, HDL-
cholesterol, and triglyceride levels, smoking (current smoker), and BMI.
We made separate models instead of gradually more complex models
during adjustment, as many subjects were excluded from the final
model because of missing values for one or more of the variables. Final-
ly, we stratified the analyses by the presence of hypertension (having a
diagnosis of hypertension in medical history and/or using antihyperten-
sive medication) and by the presence of myocardial infarction or stroke.

GFR was also estimated with the MDRD and CG formula and as a sen-
sitivity analysis we repeated all analyses with these two measurements.
Furthermore, we investigated whether associations remained when
analyses were repeated in subjects without evidence of renal insuffi-
ciency as indicated by an eGFR >60 ml/min/1.73 m?. As a final sensitiv-
ity analysis we imputed all missing values with multiple imputation
(using 5 repetitions). This is a recommended technique where missing
data for a subject are imputed by a value that is predicted by other
known characteristics of this subject (e.g. demographic, anthropomet-
ric, and clinical characteristics) (Donders et al., 2006; van Buuren
et al., 1999). All characteristics illustrated in Table 1 were included in
the model. Statistical analyses were done with PASW/SPSS version 20.
P-Values smaller than 0.05 were considered statistically significant.

3. Results

Of the 1671 included offspring and 744 included controls, 1300 off-
spring and 596 controls had a creatinine measurement as well as infor-
mation on medical history and medication use. The population
characteristics in Table 1 show that 695 (53%) of the offspring were fe-
male and 342 (57%) of the controls were female (p = 0.144). The fe-
male offspring were older than the female controls (mean + SD;
59.3 + 6.5 versus 56.9 4 6.9 years, p < 0.001). The age difference be-
tween male offspring and male controls was smaller (mean + SD;
59.3 4 6.5 versus 60.9 £ 6.9 years, p = 0.001). Independent of age
differences, offspring were less likely to have hypertension, myocardial
infarction, and diabetes mellitus compared to controls. A difference in
the prevalence of myocardial infarction was only present in men, 4%
versus 8% (p = 0.024), and the difference in prevalence of diabetes
mellitus was most pronounced in men, 5% versus 11% (p = 0.005). In
both males and females, glucose and triglyceride levels were lower in
offspring compared to controls.

Fig. 1A and B show the mean eGFR for female and male offspring and
controls, stratified by age. Estimated GFR was similar between female
offspring and female controls (75.5 ml/min/1.73 m? (SE 0.52) vs.
76.8 ml/min/1.73 m? (SE0.69), p = 0.090) but higher in male offspring
(82.7 ml/min/1.73 m? (SE 0.53)) than in male controls (79.6 ml/min/
1.73 m? (SE 0.77)) (p < 0.001). In female offspring, with increasing
age eGFR decreased 0.78 ml/min/1.73 m?/year (SE 0.06, p < 0.001)
and in female controls this was 0.73 ml/min/1.73 m?/year (SE 0.08,
p < 0.001) (p-value for interaction = 0.63). In male offspring, with in-
creasing age eGFR decreased 0.79 ml/min/1.73 m?/year (SE 0.07,
p < 0.001) and in male controls this was 0.86 ml/min/1.73 m?/year
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