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Abstract

Background—Left ventricular hypertrophy (LVH) is common and is associated with 

cardiovascular events and death among patients with known chronic kidney disease (CKD). 

However, the link between reduced glomerular filtration rate (GFR) and left ventricular mass 

index (LVMI) remains poorly explored among young and middle-aged adults with preserved 

kidney function. In this study, we examined the association of cystatin C-based estimated GFR 

(eGFRcys) and rapid decline in eGFR with subsequent LVMI.

Study Design—Observational study

Setting & Participants—We included 2,410 participants from the Coronary Artery Risk 

Development in Young Adults (CARDIA) cohort with eGFRcys >60 ml/min/1.73 m2 at Year 15 

and who had an echocardiogram performed at Year 25.
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Predictor—eGFRcys at Year 15 and rapid decline of eGFRcys (defined as >3% per year over 5 

years from Years 15 to 20)

Outcome—LVMI measured at Year 25

Measurements—We adjusted for age, sex, race, diabetes, body mass index, LDL and HDL 

cholesterol, cumulative systolic blood pressure, and albuminuria.

Results—Mean age was 40 ±4 (SD) years, 58% were female and 43% were Black. After 10 

years of follow-up, mean LVMI was 39.6 ±13.4 g/m2.7. Compared with eGFRcys >90 ml/min/

1.73 m2 (n=2228), eGFRcys 60-75 ml/min/1.73 m2 (n=29) was associated with 5.63 (95% CI, 

0.90-10.36) g/m2.7 greater LVMI (p=0.02), but there was no association of eGFR 76-90 ml/min/

1.73 m2 (n=153) with LVMI after adjustment for confounders. Rapid decline in eGFRcys was 

associated with higher LVMI compared to participants without a rapid GFR decline (β-coefficient, 

1.48; 95% CI, 0.11-2.83; p=0.03) after adjustment for confounders.

Limitations—There were a limited number of participants with eGFR 60-90 ml/min/1.73 m2.

Conclusions—Among young and middle-aged adults with preserved kidney function, eGFRcys 

60-75 ml/min/1.73 m2 and rapid decline of eGFRcys were significantly associated with 

subsequently higher LVMI. Further studies are needed to understand the mechanisms that 

contribute to elevated LVMI in this range of eGFR.

Keywords

kidney function; estimated glomerular filtration rate (eGFR); cystatin C; renal function decline; 
left ventricular mass index (LVMI); echocardiogram; left ventricular hypertrophy (LVH); 
subclinical cardiovascular disease risk factor

Chronic kidney disease (CKD) is a known risk factor for cardiovascular disease.1, 2 The 

prevalence of left ventricular hypertrophy (LVH) is estimated to be high among patients 

with CKD, ranging from 20%-75%,3-7 and is associated with subsequent cardiovascular 

events and death.3-6 The high prevalence of LVH in this high-risk population may be related 

to risk factors such as hypertension, anemia and altered mineral metabolism.8

Previous work has shown that the burden of LVH increases across stages of CKD.7 Whether 

left ventricular abnormalities are initiated much earlier in the spectrum of CKD, even prior 

to development of estimated glomerular filtration rate (eGFR) < 60 ml/min/1.73 m2, is not 

fully understood Examining the association of early reduced kidney function with higher left 

ventricular mass (LVM) is important in elucidating the natural history of cardiovascular 

disease in this high-risk patient population and may identify important areas of opportunity 

for intervention. Therefore, we examined the association of glomerular filtration rate 

estimated by cystatin C (eGFRcys) and rapid decline in eGFR with of subsequent LVM 

index (LVMI) in young and middle aged adults with eGFRcys >60 ml/min/1.73m2.
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METHODS

Study Population

The Coronary Artery Risk Development in Young Adults (CARDIA) Study is a multicenter 

study of the development and determinants of cardiovascular risk factors in young adults 

ages 18-30 years at recruitment. The study design has been published previously in detail.9 

In brief, black and white participants were recruited in 1985 and 1986 in four U.S. cities 

(Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota; and Oakland, 

California); the cohort was designed to be balanced by age, sex, race, and education. 

Follow-up examinations were completed at Years 2, 5, 7, 10, 15 and 20. Each examination 

protocol was approved by institutional review boards at each site, and informed consent was 

obtained at every examination.

For this analysis we only included participants with: (1) cystatin C measurement at 

examination Year 15 (2) an echocardiogram at examination Year 25 (3) eGFRcys>60 

ml/min/1.73 m2 at Year 15 and (4) those who did not develop end-stage renal disease 

(defined as need for dialysis or kidney transplant) at either Year 15 or 20 (Figure 1). With 

these inclusion and exclusion criteria, our final analytic sample was 2,410 participants. 

Participants who were excluded from the analysis were more likely to be male and Black, to 

have achieved a lower level of education, and more likely to have hypertension, lower 

eGFR, higher microalbuminuria, higher systolic blood pressure (BP), lower HDL cholesterol 

and higher BMI (Table S1, available as online supplementary material).

Cystatin C Estimates of GFR

Cystatin C is a kidney filtration biomarker which has been shown to perform well in 

estimating kidney function in persons at higher ranges of glomerular filtration rate 

(eGFR) 10-13 and may detect changes in kidney function earlier than creatinine.14 Therefore, 

for this analysis of healthy young and middle aged adults with preserved kidney function, 

we chose to use eGFRcys as our primary measure of kidney function consistent with prior 

CARDIA analyses.15-17

Cystatin C was measured for all CARDIA participants with stored frozen sera from Years 

15 and 20 by nephelometer using the N Latex cystatin C kit (Dade Behring, now Siemens). 

The coefficient of variation was 4.0%. Given the recent advances in standardizing cystatin C 

assays,18 we randomly selected 93 samples from participants across all study years with a 

wide range of eGFR and re-measured the original samples using the Gentian assay. The 

International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) working 

group for serum cystatin C standardization and the Institute for Reference Materials and 

Measurements has produced a certified reference material (ERM-DA471/IFCC)19, 20 which 

was used to validate the accuracy of the Gentian assay. This recalibration yielded a mean 

correction factor of 12% from the original assays that was then applied to all cystatin c 

measurements in the cohort. Kidney function was then determined by cystatin C derived 

eGFR (eGFRcys) using the 2012 CKD-EPI equation.13

For this analysis, we considered the following predictors: (1) baseline eGFRcys at Year 15 

and; (2) change in eGFRcys, determined using two eGFR measurements at Year 15 and 
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Year 20 examinations. Year 20 cystatin C measurements were not available in 48 

participants, leaving 2,362 participants for the rapid decline analysis. Rapid decline was 

defined as >3% per year, which was calculated from annualizing the change in eGFR from 

Years 15 to 20, which has been used in previous work.21-23

Left Ventricular Mass Index

The CARDIA participants at the year 25 examination underwent 2-dimensinoally guided M-

mode echocardiography in a parasternal window and 2-dimensional (2D) 4-chamber apical 

views following American Society of Echocardiography recommendations.24-26 All studies 

were recorded in digital format using an Artida cardiac ultrasound scanner (Toshiba Medical 

Systems, Tokyo, Japan) and interpreted by readers at the Johns Hopkins University 

Echocardiography Reading Center in Baltimore, Maryland who were blinded. 

Measurements were made by experienced analysts from digitized images using a standard 

software off-line image analysis system (Digisonics, Inc., Houston, Texas). The LVMI was 

acquired after dividing LVM by height raised to the power of 2.7.27

Covariates

Covariates were obtained from the Year 15 examination, the baseline for this analysis. A 

common protocol and quality control procedures were used at all examinations. Participants 

were asked to fast for 12 hours and to avoid smoking and heavy physical activity for 2 hours 

before their examination.28 Age, sex, race, education level and smoking habits were 

ascertained through questionnaires.

Other covariates included plasma high-density lipoprotein (HDL) cholesterol, low-density 

lipoprotein (LDL) cholesterol, diabetes status (defined as elevated fasting glucose or use of 

diabetic medications), and body mass index (BMI). The HDL cholesterol was determined 

using an enzymatic assay by Northwest Lipids Research Laboratory (Seattle, Washington) at 

all time periods; reanalysis at each examination of stored samples from the previous 

examination indicated that measurements over the course of time were comparable.28 The 

LDL cholesterol was derived by the Friedewald equation.29 Serum glucose was measured 

using hexokinase coupled to glucose-6-phosphate dehydrogenase by Linco Research (St. 

Louis, Missouri). Body weight was measured with light clothing to the nearest 0.2 kilogram, 

body height without shoes was measured to the nearest 0.5 cm, and BMI was calculated 

from these measurements (kg/m2).

As used in prior CARDIA studies, we computed overall BP trajectories and named this 

variable “cumulative exposure of systolic BP.”30 Three seated BP measurements were 

obtained with a random-zero sphygmomanometer; the mean of the second and third readings 

were used. Mixed models were used to estimate a BP trajectory for each participant to year 

15, corresponding to the time of the first eGFR measurement.30 We assumed that the 

trajectory for each participant had a constant slope within each decade of life (age 20-30, 

30-40 and 40-50 years). Using these individual BP trajectories, we calculated an integrated 

measurement of years of exposure to BP elevation to the first cystatin C for each participant 

(mm Hg-years) by calculating the area under the trajectory for each participant.30 Urine 

albumin-creatinine ratios were measured as a single, untimed (spot) urine sample was 
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collected at Years 15 and 20 examinations;31 Urine albumin concentrations were measured 

using a nephelometric procedure with a specific anti-albumin monoclonal antibody, and 

creatinine was assessed using the Jaffé method.31 All urine albumin-creatinine ratios were 

standardized to sex and race and expressed in mg/g creatinine.32 Albuminuria was defined 

as urine albumin-creatinine ratio ≥30 mg/g.

Statistical Methods

The year 15 examination was considered baseline for this analysis. We first examined the 

characteristics of the study participants by eGFR category (60-75, 76-90 and >90 ml/min/

1.73 m2). These categories of eGFRcys were chosen based on previous literature that has 

suggested differential prognosis for outcomes in each of these categories.33

We examined the association of year 15 eGFRcys with year 25 LVMI using linear 

regression in a series of nested models: first adjusting for age, sex, race and then adjusting 

for other cardiovascular risk factors (smoking, diabetes mellitus, HDL cholesterol, LDL 

cholesterol, cumulative systolic BP until year 15, BMI and albuminuria at either year 15 or 

20). The eGFR was modeled in categories as well as a continuous variable (per 10 ml/min/

1.73 m2 decrease). We also examined the functional form of the association of year 15 

eGFRcys with LVMI using a cubic spline. In secondary analyses, we tested for interaction 

by urine albuminuria as well as race. We performed stratified analyses by race based on a 

priori hypotheses.

To further understand the association between year 15 eGFRcys and year 25 LVMI, we 

adjusted for interim cumulative systolic BP as a possible mediator in the analysis. Interim 

systolic BP was determined by the area under the curve for systolic BP from Year 15 (the 

baseline eGFRcys measurement) and Year 25 (the time of the LVMI measurement). The 

rationale for this mediation analysis was that lower year 15 eGFRcys at may be associated 

with subsequent increased in systolic BP, which may be in the causal pathway linking lower 

eGFRcys and LVMI. In sensitivity analyses, we repeated our analyses using creatinine-

based estimates to calculate eGFR by the combined creatinine-cystatin C equation.13

We then examined the association of rapid decline of eGFRcys with year 25 LVMI in 

multivariable linear regression models. Rapid decline was determined using eGFR measures 

at Year 15 and Year 20 examinations which were then annualized. Rapid decline was 

defined as >3% per year.21-23 We also examined change in eGFRcys as a continuous 

variable: per 1% decline per year and as a cubic spline analysis. In addition to the 

aforementioned covariates, we performed several mediation analyses adjusting for: (1) Year 

15 eGFRcys; (2) Year 20 eGFRcys; and (3) interim systolic BP between Years 15 and 20.

All analyses were implemented using Stata Version 12 (StataCorp LP, College Station, 

Texas).

Bansal et al. Page 5

Am J Kidney Dis. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



RESULTS

Characteristics of Study Population

Among the 2,410 adults in our population, the mean age was 40 ±4 years, 58% were female 

and 43% were Black (Table 1). Participants with lower eGFRcys at baseline were older, 

more likely to smoke and have a history of hypertension, and had a higher systolic BP and 

higher BMI at baseline (Table 1).

Association of Year-15 eGFRcys With Year-25 LVMI

After 10 years of follow-up, mean LVMI was 39.6 ±13.4 g/m2.7. The LVMI was higher 

among participants with lower eGFRcys at baseline (Table 2). When eGFRcys was 

examined as a continuous variable, every 10-ml/min/1.73 m2 decrease in eGFR was 

associated with 0.85-g/m2.7 increase in LVMI in unadjusted models (Table 2). With 

adjustment for possible confounders, this association was attenuated. The functional form of 

the adjusted association of eGFRcys with LVMI was linear (p-value for non-linearity=0.4) 

(Figure 2)

Participants with eGFR 60-75 (n=29) and 76-90 ml/min/1.73 m2 (n=153) had 10.12-g/m2.7 

and 3.48-g/m2.7 higher LVMI, respectively, 10 years later (Table 2). With adjustment for 

demographics and cardiovascular risk factors, the association of eGFRcys 76-90 ml/min/

1.73 m2 with higher LVMI was no longer statistically significant. However, eGFRcys 60-75 

ml/min/1.73 m2 was significantly associated with 5.63 g/m2.7 higher LVMI 10 years later 

after multivariable adjustment, including adjustment for albuminuria (Table 2). . Interaction 

by urine albuminuria was not statistically significant (>0.05).

We tested for interaction by race (Black and White), for which there appeared to be a trend, 

but was not statistically significant (p=0.1). In stratified analyses, among participants with 

eGFRcys 60-75 (vs. eGFR>90 ml/min/1.73 m2 for each racial subgroup), LVMI was 10.7-

g/m2.7 higher in Black participants and 2.5-g/m2.7 higher in White participants.

We adjusted for cumulative, interim 10-year systolic BP exposure in multivariable models to 

test whether systolic BP is a mediator in this association. Adjustment for this potential 

mediator did not change the association between eGFRcys 60-75 ml/min/1.73 m2 and higher 

left ventricular mass 10 years later (Table 2).

We repeated our analyses using the combined creatinine-cystatin C eGFR equation (Table 
S2). The association of lower eGFR with LVMI was not as robust when this alternative 

eGFR equation was used.

Association of eGFR Change From Years 15 to 20 With Year-25 LVMI

Every 1% decline in eGFRcys over 5 years was associated with a 0.40-g/m2.7 increase in 

LVMI at Year 25 (Table 3). With adjustment for possible confounders, this association was 

attenuated and no longer statistically significant. When we examined the functional form of 

the adjusted association of eGFRcys change with LVMI, it appeared linear (p-value for non-

linearity=0.1) (Figure 3).
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There were 379 participants who had rapid decline of eGFRcys over 5 years, from Years 15 

to 20, defined as >3% decline per year. Those with rapid decline of eGFRcys had 

significantly higher mean LVMI at Year 25 compared to participants without rapid decline 

of eGFR (Table 3).

We examined the effect of adjustment for several possible mediators: eGFRcys at Year 15, 

eGFRcys at Year 20 and interim systolic BP between year 15 and 20. Adjusting for either 

starting or ending eGFRcys measurement did not attenuate this association. There was 

partial attenuation with adjustment for interim systolic BP (Table 3).

DISCUSSION

We examined the association between kidney function and subsequent LVMI ten years later 

among a cohort of healthy young and middle aged adults with eGFR>60 ml/min/1.73 m2. 

We found that eGFRcys of 60-75 ml/min/1.73 m2 as well as rapid decline in eGFRcys was 

associated with higher LVM 10 years later, independent of known cardiovascular risk 

factors. This association was not explained by cumulative interim increase in systolic BP 

between baseline eGFR measurement and ascertainment of LVMI. These results highlight 

that even mild decreases in kidney function years earlier may be an important risk factor for 

subsequent development of higher LVMI and that regular monitoring of kidney function 

may also help identify young adults at high risk for subclinical cardiovascular disease.

Mild decreases in kidney function in the range of eGFRcys 60-75 ml/min/1.73 m2 were 

associated with almost 6-g/m2.7 higher LVMI 10 years later. While many studies have 

reported strong associations of known CKD with LVH,3-7 few have examined these 

associations among patients with eGFR >60 ml/min/1.73 m2. A cross-sectional study of 

participants from the Chronic Renal Insufficiency Cohort (CRIC) study included 789 

participants (mean age, 56 years) with eGFRcys >60 ml/min/1.73 m2.7 Amongst this group, 

the mean LVMI was 46.1 g/m2.7 (similar to our results) and 32% met criteria for LVH.7 In 

another cross-sectional study of 4,971 participants (mean age, 62 years) in the Multi-Ethnic 

Study of Atherosclerosis (MESA) study, there was a 1.6 higher odds for LVH among 

participants with eGFRcys of 60-75 ml/min/1.73 m2.34 Our study extends these findings to a 

significantly younger study population with a mean age of 40 years. In our longitudinal 

analysis, we demonstrated that early decrements in kidney function are associated with 

subsequent higher LVMI 10 years later. While the absolute change in LVMI was relatively 

small, previous work has suggested a linear relationship between LVMI and risk of 

subsequent heart failure. Our study suggests that even early eGFR measurements may help 

identify individuals at the highest risk of heart failure in middle-age.

We also noted that rapid decline of eGFR, defined as >3% per year over 5 years, was 

significantly associated with higher LVMI after adjustment for potential confounders. 

Decrease in kidney function has been a key predictor of adverse outcomes in other studies as 

well.21, 23 Rapid eGFR decline was reported to be a strong predictor of cardiovascular 

events in elderly patients, with and without CKD at baseline.23 In these studies as well, 

baseline eGFR was a stronger predictor relative to change in eGFR. 21, 23 We previously 

reported that among CARDIA participants, rapid decline of eGFR rather than baseline eGFR 
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was associated with subsequent detectable coronary artery calcium.15 This study further 

supports that serial measurements of eGFR, even in the pre-clinical CKD range, may help to 

identify healthy persons at risk for subsequent subclinical cardiovascular disease.

The association between mild decreased kidney function and subsequent higher LVMI 

remained significant even after adjustment for well-recognized cardiovascular risk factors. 

Furthermore, the association of eGFR with higher LVMI was not mediated by interim 

increases in systolic BP. In patients with established CKD, new, kidney-specific risk factors 

add to the development of premature and accelerated cardiovascular disease.35 Perhaps 

alterations in mineral metabolism can be initiated with early changes in kidney function, 

even in ranges of “normal” eGFR.36 For example, alterations of 1,25-hydroxyvitamin D, 

parathyroid hormone, and fibroblast growth factor 23 are common with decreased kidney 

function and are associated with higher LVM.37-41 Other plausible mechanisms include 

early changes in volume from impaired sodium handling in the setting of mildly decreased 

kidney function or alterations in the renin-angiotensin-aldosterone system. Further 

investigation of novel cardiovascular risk factors among adults with mild decreases in 

kidney function is warranted.

Although we did not find a significant interaction by race (Black versus White participants) 

in the association of eGFRcys with subsequent LVMI (perhaps due to limited power in the 

lowest eGFRcys category), there appeared to be a trend of higher LVMI among Black 

participants with mild reductions in eGFRcys compared with White participants with similar 

eGFRcys. Prior studies have noted higher LVM in Blacks versus Whites, even with 

adjustment for known risk factors such as BMI and diabetes.42, 43 Furthermore, our previous 

work in CARDIA has shown that incident heart failure is substantially more common in 

Black vs. White participants and that kidney disease is one of the strongest risk factors for 

incident heart failure in this patient population.44 Our data may provide further evidence that 

there are important racial differences in the burden of subclinical cardiovascular disease.

Our study augments the body of literature that suggests that cardiovascular disease likely is 

initiated early in the spectrum of clinical decreases in kidney function. Early recognition of 

risk factors that contribute to pre-clinical reductions in kidney function may be important to 

decrease the risk of subsequent cardiovascular disease. Furthermore, earlier recognition of 

pre-clinical decreases in kidney function may also offer opportunities for targeted 

cardiovascular interventions prior to the development of clinical cardiovascular disease. Our 

study suggests that it could be beneficial for physicians to be aware of mild CKD and to 

monitor regularly to identify rapid decline. Whether modification of risk factors such as BP 

or novel risk factors such as parathyroid hormone improve LVMI in these individuals should 

be studied.

Our study had several strengths. We based our analyses on a large, racially diverse, well 

characterized longitudinal cohort of young adults with more than 10 years’ follow-up, 

including data on BP over the duration of follow-up. We utilized serial measurements of 

cystatin C, a highly sensitive biomarker for kidney function at higher ranges of eGFR and a 

strong predictor of adverse outcomes.45-47 Echocardiograms were quantified through a 

rigorous process in a central laboratory. Our study had some limitations as well. The number 
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of study participants with eGFR 60-75 ml/min/1.73 m2 was small. Many participants were 

missing echocardiograms and could not be included in the analysis, which might limit the 

generalizability of our findings. We did not have direct measurements of GFR, although 

eGFR equations have been shown to perform well13 and eGFRcys is particularly useful in 

this range of kidney function.33 There has been concern about the accuracy of serum 

creatinine measurements in CARDIA, which limits the use of equations for eGFR that use 

serum creatinine. In evaluating rapid decline, we assumed a linear annual rate of decline due 

to the availability of two eGFR measurements, 5 years apart. Due to significant changes in 

the methodology by which LVMI was assessed, we were not able to examine changes in 

LVMI although an echocardiogram was performed earlier in CARDIA follow-up. Although 

we adjusted for many of the major risk factors for higher LVM, there is a possibility of 

residual confounding. Finally, in this observational study, we are not able to determine 

causality.

In conclusion, among young and middle aged adults with preserved kidney function, early 

baseline decreases in kidney function as well as rapid decline in eGFR were significantly 

associated with a higher LVMI 10 years later. Further investigations to study the 

mechanisms and risk factors that contribute to the development of elevated LVMI with early 

decreases in kidney function should be pursued.
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Figure 1. Derivation of study sample
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Figure 2. Cubic spline of adjusted* association of eGFRcys at Year 15 with left ventricular mass 
index. Nonlinearity P = 0.4
* adjusted for age, sex, race, smoking, diabetes mellitus, LDL cholesterol, HDL cholesterol, 

systolic blood pressure, BMI, microalbuminuria
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Figure 3. Cubic spline of adjusted* association of eGFRcys change from Year 15 to Year 20 with 
left ventricular mass index. Nonlinearity P = 0.1
* adjusted for age, sex, race, smoking, diabetes mellitus, LDL and HDL cholesterol, systolic 

blood pressure, BMI, microalbuminuria, eGFR at Year 15
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Table 1

Baseline characteristics of participants by eGFRcys category

Characteristic Total (N=2410)

eGFRcys

p value
60-75

(n= 29)
76-90

(n= 153)
>90

(n=2228)

Age, years 40.2 ± 3.6 41.5 ± 3.7 41.2 ± 3.5 40.2 ± 3.6 <0.001

Female sex 1398 (58.0%) 16 ( 55%) 79 ( 51.6%) 1303 ( 58.5%) 0.2

Black race 1045 (43.4%) 11 ( 38%) 73 ( 47.7%) 961 ( 43.1%) 0.5

<12 years of education 99 ( 4.1%) 5 ( 17%) 8 ( 5.2%) 86 ( 3.9%) 0.007

Current tobacco use 467 (19.4%) 8 ( 28%) 47 ( 30.7%) 412 ( 18.5%) <0.001

History of diabetes 216 ( 9.0%) 4 ( 14%) 15 ( 9.8%) 197 ( 8.8%) 0.5

History of hypertension 674 (28.0%) 16 ( 55%) 55 ( 35.9%) 603 ( 27.1%) <0.001

eGFRcys, ml/min/1.73 m2 109.4 ± 11.9 69.6 ± 3.9 84.4 ± 3.8 111.7 ± 9.2 <0.001

Urine albuminuria > 30 mg/g* 78 (3%) 6 (21%) 10 (6.9%) 62 (3.0%) <0.001

Systolic BP, mm Hg 112.0 ± 14.1 117.9 ± 18.5 115.6 ± 17.8 111.6 ± 13.7 <0.001

LDL cholesterol, mg/dL 113.4 ± 31.9 112.0 ± 42.6 116.5 ± 29.5 113.2 ± 31.9 0.5

HDL cholesterol, mg/dL 51.3 ± 14.6 41.9 ± 13.5 43.4 ± 11.8 51.9 ± 14.6 <0.001

BMI, kg/m2 28.1 ± 6.5 33.5 ± 8.3 32.8 ± 7.8 27.8 ± 6.2 <0.001

eGFRcys change from Year 15
to 20

−6.8 ± 9.4 2.0 ± 11.1 −0.4 ± 11.2 −7.4 ± 9.0 <0.001

Note: N=2,410. eGFRcys values expressed in ml/min/1.73 m2. Values for categorical variables are given as number (percentage); for continuous 
variables, as mean ± standard deviation.

BMI, body mass index; BP, blood pressure; eGFRcys, cystatin C-based estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, 

low-density lipoprotein

*
182 participants were missing urine albuminuria measurements
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