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Abstract

Objective To assess for the presence of a sex interaction in the

measurements of estimated glomerular filtration rate according to the
Chronic Kidney Disease Epidemiology Collaboration equation

associations of estimated glomerular filtration rate and albuminuria with
all-cause mortality, cardiovascular mortality, and end stage renal disease.

Design Random effects meta-analysis using pooled individual participant
data.

Setting 46 cohorts from Europe, North and South America, Asia, and
Australasia.

Participants 2 051 158 participants (54% women) from general
population cohorts (n=1 861 052), high risk cohorts (n=151 494), and
chronic kidney disease cohorts (n=38 612). Eligible cohorts (except
chronic kidney disease cohorts) had at least 1000 participants, outcomes
of either mortality or end stage renal disease of 250 events, and baseline

(mL/min/1.73 m? and urinary albumin-creatinine ratio (mg/g).

Results Risks of all-cause mortality and cardiovascular mortality were
higher in men at all levels of estimated glomerular filtration rate and
albumin-creatinine ratio. While higher risk was associated with lower
estimated glomerular filtration rate and higher albumin-creatinine ratio
in both sexes, the slope of the risk relationship for all-cause mortality
and for cardiovascular mortality were steeper in women than in men.
Compared with an estimated glomerular filtration rate of 95, the adjusted
hazard ratio for all-cause mortality at estimated glomerular filtration rate
45 was 1.32 (95% CI 1.08 to 1.61) in women and 1.22 (1.00 to 1.48) in
men (P, <0.01). Compared with a urinary albumin-creatinine ratio
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of 5, the adjusted hazard ratio for all-cause mortality at urinary
albumin-creatinine ratio 30 was 1.69 (1.54 to 1.84) in women and 1.43
(1.3110 1.57) in men (P, 1acin<0-01). Conversely, there was no evidence
of a sex difference in associations of estimated glomerular filtration rate
and urinary albumin-creatinine ratio with end stage renal disease risk.

Conclusions Both sexes face increased risk of all-cause mortality,
cardiovascular mortality, and end stage renal disease with lower
estimated glomerular filtration rates and higher albuminuria. These
findings were robust across a large global consortium.

Introduction

Chronic kidney disease affects 10—16% of the general adult
population in Asia, Europe, Australia, and the United States."
Chronic kidney disease, typically defined by reduced estimated
glomerular filtration rate and/or albuminuria, is independently
associated with an increased risk of all-cause mortality and
cardiovascular mortality and progression to end stage renal
disease.” Go and colleagues found in administrative healthcare
data that estimated glomerular filtration rates <60
mL/min/1.73m2 were independently associated with
hospitalisations, cardiovascular events, and death." In a
collaborative meta-analysis of general population cohorts we
found that mortality rises exponentially with decreasing
estimated glomerular filtration rate below 60 mL/min/1.73 m’,
while albuminuria shows linear association across its entire
measurement range.® Recent data indicate that the risk associated
with estimated glomerular filtration rate is even stronger when
glomerular filtration rate is estimated using the more accurate
equation developed by the Chronic Kidney Disease
Epidemiology Collaboration." >

Existing data regarding potential sex differences in the risk of
chronic kidney disease suggest that women have a lower
incidence of end stage renal disease,"” '* lower cardiovascular
risk," and (in countries with low maternal mortality) lower risk
of all-cause mortality than men.'® Whether sex differences exist
with respect to estimated glomerular filtration rate and
albuminuria levels and adverse outcomes, and in particular
whether such differences exist based on the combined effect of
estimated glomerular filtration rate and albuminuria, is largely
unknown.

Given the clinical uncertainty, we sought to determine if sex
modifies the association between estimated glomerular filtration
rate and albuminuria with all-cause and cardiovascular
mortalities and end stage renal disease, using a global
consortium of 46 cohorts and more than two million participants.

Methods

Chronic Kidney Disease Prognosis
Consortium study design

The Chronic Kidney Disease Prognosis Consortium study
includes data from general population cohorts, cohorts at high
risk of cardiovascular events, and cohorts with chronic kidney
disease. These cohorts are described in appendices 1-3 on
bmj.com. Eligible cohorts contained at least 1000 participants
(except chronic kidney disease cohorts), outcomes of either
mortality or end stage renal disease with a minimum of 50
events, and baseline information on estimated glomerular
filtration rate and albuminuria. Measures of albuminuria
included the albumin-creatinine ratio (the preferred measure),'"
protein-creatinine ratio, and qualitative measures using dipstick
proteinuria. Adult participants (aged >18 years) were included.

79 17

Study covariates

The equation developed by the Chronic Kidney Disease
Epidemiology Collaboration was used to estimate glomerular
filtration rate in mL/min/1.73 m." * In general population and
high risk cohorts, estimated glomerular filtration rate was
categorised as <15, 15-29, 3044, 45-59, 60-74, 75-89,
90-104, or >105 mL/min/1.73 m? according to current clinical
guidelines.®*' Albuminuria was categorised as “negative,” “high
normal,” “mild,” or “heavy” depending on whether urinary
albumin-creatinine ratio or urinary dipstick tests were available
(urinary albumin-creatinine ratio <10, 10-29, 30-299, >300
mg/g; dipstick proteinuria negative, trace, 1+, 2+ or more).
These categories were adapted for chronic kidney disease
cohorts to reflect the lower levels of estimated glomerular
filtration rate (categories <15, 15-29, 30-44, 45-74, >75
mL/min/1.73 m®) and higher levels of albuminuria or proteinuria
(albumin-creatinine ratio <30, 30-299, 300-999, >1000 mg/g;
protein-creatinine ratio <50, 50-499, 500-1,499, >1,500 mg/g).
To derive urinary albumin-creatinine ratio or protein-creatinine
ratio in mg/mmol from the mg/g cut-off values, we divided them
by 8.84. For ease of reading, we have omitted units for estimated
glomerular filtration rate and urinary albumin-creatinine ratio
in the remainder of this manuscript.

Demographic factors included age (continuous), sex, and
ethnicity (black v non-black). Comorbidities included a history
of cardiovascular disease (includes previous myocardial
infarction, coronary revascularisation, heart failure, or stroke)
and diabetes (fasting glucose concentration >7.0 mmol/L (>126
mg/dL), non-fasting glucose concentration >11.1 mmol/L (=200
mg/dL), haemoglobin A, >26.5% (=48 mmol/mol), use of
glucose lowering drugs, or self reported diabetes). Smoking
was dichotomised as current versus former or never smokers,
and body mass index was calculated (weight (kg)/(height (m)?).
Baseline systolic blood pressure (mm Hg) was used as a
continuous variable (appendix 2 on bmj.com). Serum total
cholesterol (mmol/L, continuous) was available in a subset of
cohorts (appendix 2).

Study outcomes

The primary study outcomes were all-cause mortality,
cardiovascular mortality, and end stage renal disease.
Cardiovascular mortality was defined as death due to myocardial
infarction, heart failure, stroke, or sudden cardiac death. End
stage renal disease was defined as initiation of renal replacement
therapy or death due to kidney disease (other than acute kidney
injury).

Statistical analysis

Analysis was performed in two stages: the first was a standard
analysis within each cohort using centrally developed statistical
code, the second pooled results in a meta-analysis (see appendix
2). Analyses were done using Stata version 11.2.

Stage 1: within-cohort analysis

For the 44 cohorts with data from both women and men, subjects
with missing baseline values for estimated glomerular filtration
rate or urinary albumin-creatinine ratio or dipstick tests were
excluded. Cox proportional hazards models adjusted for study
covariates (age, sex, ethnicity, cardiovascular disease, diabetes,
smoking, body mass index, systolic blood pressure) were used
to estimate the hazard ratios for outcomes associated with
estimated glomerular filtration rate, urinary albumin-creatinine
ratio, protein-creatinine ratio, and dipstick proteinuria. Analyses
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of the risk association with estimated glomerular filtration rate
were adjusted by albuminuria, and vice versa.

For continuous analyses, linear splines of estimated glomerular
filtration rate (knots at each 15 mL/min/1.73 m’ from 30 to 105
(to 90 in chronic kidney disease cohorts)) and their product
terms with sex were fitted. Sex-specific reference points were
used (estimated glomerular filtration rate of 95 in general and
high risk cohorts and 50 in chronic kidney disease cohorts).
From this model, the interaction was evaluated as the ratio of
hazard ratios (relative hazard ratio) in women versus men at
each 1 mL/min/1.73 m* of estimated glomerular filtration rate
from 15 to 120 (to 60 in chronic kidney disease cohort)
(“pointwise interaction”). To visually assess the main effect of
sex on estimates of risk, analyses were repeated using a single
reference point of estimated glomerular filtration rate of 95 in
women. Because all chronic kidney disease cohorts had mean
estimated glomerular filtration rates of <55 at baseline (see table
11]), a reference point of 50 was chosen.

A similar approach was used in assessing the risk associations
with urinary albumin-creatinine ratio. The albumin-creatinine
ratio was log transformed, and linear splines were fitted with
knots at 10, 30, and 300 (30, 300, 1000 in chronic kidney disease
cohorts), with a reference value at 5 (100 in chronic kidney
disease cohorts because many participants had an
albumin-creatinine ratio >30). Pointwise interactions of the risk
association of urinary albumin-creatinine ratio with sex were
assessed at approximate 8% increments of the
albumin-creatinine ratio. Categorical analyses were performed
using estimated glomerular filtration rate and proteinuria
categories as described above. Finally, a summary interaction
effect of sex was defined as the inverse variance weighed
average of all the individual spline relative hazard ratios for
each estimated glomerular filtration rate and urinary
albumin-creatinine ratio, separately.

Stage 2: pooled analyses of cohorts

Random effects meta-analysis was used to pool the individual
and summary hazard ratios from all studies. Heterogeneity was
estimated by the ” test and the I” statistic.”> Given their similar
risk associations, the general population and high risk cohorts
were combined. Meta-regression, with log(hazard ratio)
regressed on sex, was used to estimate the effect of sex on hazard
ratio, comparing any specific level of estimated glomerular
filtration rate or albuminuria to reference across all 46 studies,
including those conducted among only men. In all analyses, we
used 95% confidence intervals, and a nominal P value<0.05
was deemed significant.

Sensitivity analyses

We repeated the primary analyses among subgroups defined
by: presence or absence of diabetes™; body mass index <30 or
>30; age categories <65 and >65 years; presence or absence of
baseline cardiovascular disease; and in presumed premenopausal
women (ages <50 years) and postmenopausal women (ages >65
years).”

Results
Cohort characteristics

There were 26 general population cohorts (n=1 861 052), seven
high risk cohorts (n=151 494 plus subsample of the AKDN

study with data on albumin-creatinine ratio (n=102 639)), and
13 chronic kidney disease cohorts (n=38 612) (table 1/}). Cohorts
represented a range of geographical areas in Asia, Europe, North

and South America, Asia, and Australasia; average mean
follow-up was 5.8 years. General population cohorts had 89 595
deaths in 10 088 864 person years follow-up, and high risk and
chronic kidney disease cohorts had 13 693 and 9019 deaths in
888 386 and 149 917 person years follow-up, respectively. Only
a subset of cohorts had data on cardiovascular death
(supplementary table on bmj.com). Overall, women comprised
54% of the general population cohorts, 50% of the high risk
cohorts, and 47% of the chronic kidney disease cohorts. Mean
age was lower in the general population cohorts (48 years) than
the high risk cohorts (56 years) and chronic kidney disease
cohorts (68 years), with no obvious sex differences. On average,
women had levels of estimated glomerular filtration rate similar
to those of men and a slightly lower prevalence of albuminuria
(4% of women and 5% of men in general population). Fewer
women had baseline hypertension, diabetes, cardiovascular
disease, hypercholesterolemia, or were smokers (supplementary
table).

Sex-specific associations of estimated
glomerular filtration rate and albuminuria with
all-cause mortality

In the combined general population and high risk cohorts, men
had a 60% higher risk of all-cause mortality than women at an
estimated glomerular filtration rate of 95 (adjusted hazard ratio
1.60 (95% confidence interval 1.52 to 1.69)) (fig 1All). The
adjusted hazard ratio for all-cause mortality increased with lower
levels of estimated glomerular filtration rate in both sexes, but
the slope of the mortality risk relationship was steeper for
women than men (fig 1B). For example, the risk became
significant at a higher level of estimated glomerular filtration
rate in women than men (52 v 44), and the relative risk was
slightly higher in women at glomerular filtration rates of <56
(average relative hazard ratio per 15 decrease in estimated
glomerular filtration rate comparing women to men, 1.04 (95%
confidence interval 1.02 to 1.07), P for interaction <0.01).
Compared with a reference estimated glomerular filtration rate
of 95, the adjusted hazard ratio for all-cause mortality at
glomerular filtration rate 45 was 1.32 (1.08 to 1.61) in women
and 1.22 (1.00 to 1.48) in men (fig 2|). Categorical associations
for estimated glomerular filtration rate and mortality risk were
similar: compared with a reference estimated glomerular
filtration rate of 90-104, women with a rate <45 had a higher
mortality risk than men (table 2||, last column). The results for
estimated glomerular filtration rate showed less heterogeneity
among general population cohorts with urinary
albumin-creatinine ratio data (I’=34.2%) and among high risk
cohorts (I’=42.9%) than for the cohorts with urinary dipstick
data (I’=84.1%).

Similar patterns were observed in the estimates of all-cause
mortality risk associated with albuminuria (fig 1/, panels C and
D). There was statistical evidence for interaction by sex, with
a steeper increase in adjusted hazard ratio among women at
urinary albumin-creatinine ratio >22 (fig 1D). Compared with
areference of albumin-creatinine ratio of 5, the adjusted hazard
ratio for an albumin-creatinine ratio of 30 was 1.69 (1.54 to
1.84) in women and 1.43 (1.31 to 1.57) in men (P for interaction
<0.01) (fig 31)). In a categorical analysis combining cohorts
measuring dipstick proteinuria, urinary albumin-creatinine ratio,
and protein-creatinine ratio, the risk was present in both men
and women in the high-normal category compared with normal
category; however, women had a higher adjusted hazard ratio
than men in each of the three clinical categories (high-normal,
mild, and heavy) (table 2l)).
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In the chronic kidney disease cohorts, men had a higher adjusted
all-cause mortality risk than women (hazard ratio at estimated
glomerular filtration rate of 50, 1.28 (1.18 to 1.40)). As with
the general population cohorts, lower estimated glomerular
filtration rate and higher albuminuria were associated with
increased all-cause mortality in both sexes (supplementary fig
1, panels A and C, on bmj.com). Unlike the general population
cohorts, however, the pointwise interaction terms were not
significant at lower levels of estimated glomerular filtration rate
(supplementary fig 1, B), nor was there a significant interaction
in upper levels of urinary albumin-creatinine ratio
(supplementary fig 1, D).

Sex-specific associations of estimated
glomerular filtration rate and albuminuria with
cardiovascular mortality

In the combined general population and high risk cohorts, men
had higher cardiovascular mortality at all levels of estimated
glomerular filtration rate (adjusted hazard ratio at estimated
glomerular filtration rate of 95, 1.66 (1.48 to 1.86)) (see
supplementary fig 2, A). Similarly, a higher cardiovascular risk
was seen for men in the chronic kidney disease cohorts
(supplementary fig 3, A). As with all-cause mortality, the
cardiovascular mortality risk relationship was steeper for women
than men. For example, reduction of estimated glomerular
filtration rate by 15 was associated with a 6% higher
cardiovascular risk among women when compared with same
association among men (average relative hazard ratio of women
vmen, 1.06 (1.02 to 1.09)), with minimal heterogeneity between
cohorts (I’=5.4%). In categorical analysis, an increase in
cardiovascular risk was apparent for the estimated glomerular
filtration rate category of 75-89 among women (hazard ratio
1.11 (1.02 to 1.21)) but not men (hazard ratio 1.02 (0.95 to
1.10)). Significant interactions (with higher hazard ratios among
women compared with those among men) were found for all
categories of estimated glomerular filtration rate between 15
and 60 (table 2]}).

Higher levels of urinary albumin-creatinine ratio were associated
with increased cardiovascular risk in the combined general
population and high risk cohorts (supplementary fig 2, C and
D). The slope of the risk relationship was significantly steeper
in women than in men. For example, a 10-fold increase of
urinary albumin-creatinine ratio was associated with an 18%
higher cardiovascular risk among women (average relative
hazard ratio of women v men 1.18 (1.02 to 1.36)), with mild
heterogeneity between cohorts (I’=32.3%). Categorical analysis
showed similar associations (table 2])).

While the overall pattern of association of estimated glomerular
filtration rate with cardiovascular mortality was similar in the
chronic kidney disease cohorts, this analysis was based on only
896 cardiovascular deaths (supplementary table on bmj.com).
Confidence intervals were wide (supplementary fig 3, A), and
there was no evidence of an interaction by sex (supplementary
fig 3, B). The adjusted association of urinary albumin-creatinine
ratio with cardiovascular mortality seemed flat for both men
and women with wide confidence intervals (supplementary fig
3, C and D).

Sex-specific associations of estimated
glomerular filtration rate and urinary
albumin-creatinine ratio with end stage renal
disease

Results are shown for the chronic kidney disease cohorts, which
provided 71% (n=5960) of all observed instances of end stage

renal disease (n=8409) (fig 4!/). Lower estimated glomerular
filtration rate and higher urinary albumin-creatinine ratio were
associated with increased risk of end stage renal disease in both
sexes (fig 4A and 4C). The associations of estimated glomerular
filtration rate with end stage renal disease overlapped for men
and women, with limited evidence for interaction (P for
interaction=0.27) (fig 4B). For urinary albumin-creatinine ratios
between 15 and 350, women showed a slightly steeper risk
relationship with end stage renal disease than men (fig 4D). For
example, compared with a urinary albumin-creatinine ratio of
100, the hazard ratio associated with a ratio of 300 was 1.63
(1.33 to 1.99) in women and 1.33 (1.04 to 1.69) in men (P for
interaction <0.01). There was heterogeneity in the association
with end stage renal disease of estimated glomerular filtration
rate (I’=70%) but not in that of the urinary albumin-creatinine
ratio (I’=0%).

Results were similar in the general population and high risk
cohorts. Lower estimated glomerular filtration rate and higher
urinary albumin-creatinine ratio were associated with higher
risk of end stage renal disease (supplementary fig 4, A and C,
on bmj.com), with no evidence for sex-specific associations
(supplementary fig 4, B and D).

Sensitivity analyses

There was no evidence for modification of the sex interaction
by diabetes, age, obesity (data not shown), or when grouped
into presumed premenopausal (<50 years old) and
postmenopausal age (=65 years old). In the general population
and high risk cohorts, the associations of estimated glomerular
filtration rate with all-cause mortality and cardiovascular
mortality were more “U shaped” (with higher risk in levels of
estimated glomerular filtration rate >95) in the older age group
(=65 years old) than in the younger age groups (supplementary
figs 5 and 6). Nevertheless, in both age groups the estimated
glomerular filtration rate cut-off at which estimated glomerular
filtration rate reached statistical significance was higher amongst
women than men. In meta-regression, including the two studies
comprised solely of men did not materially change results.

When stratified by age, the point estimate of the risk relationship
between urinary albumin-creatinine ratio and all-cause mortality
implied a steeper association for women than men (age <65
years, relative hazard ratio 1.03 (0.98 to 1.08; age >65 years,
relative hazard ratio 1.05 (1.02 to 1.09)), similar to the
association of urinary albumin-creatinine ratio with
cardiovascular mortality (<65 years, relative hazard ratio 1.09
(0.95 to 1.23); >65 years, relative hazard ratio 1.08 (1.00 to
1.14)).

Discussion

In this pooled analysis of over two million participants in 33
general population and high cardiovascular risk cohorts, men
had a higher risk than women for all-cause mortality and
cardiovascular mortality at all levels of kidney function.
However, the risk relationships of reduced estimated glomerular
filtration rate and higher albuminuria with mortality were steeper
in women than they were in men; thus, the mortality risk
associated with chronic kidney disease was at least as great
among women. These results strongly refute the idea that lower
estimated glomerular filtration rate and higher albuminuria are
less important risk factors in women than in men. Modification
of mortality risk by gender was not seen in the 13 chronic kidney
disease cohorts (n=38 612), where even the main effect of sex
was attenuated. The risk of progression to end stage renal disease
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at a given estimated glomerular filtration rate and urinary
albumin-creatinine ratio seemed equivalent in men and women.

Strengths and limitations of study

Our study has several strengths, including an international
consortium, comprehensive data on estimated glomerular
filtration rate and albuminuria, and a large pooled study size.
The data represent a wide range of cohorts in various settings,
and thus our findings may apply to a wide range of clinical and
general care settings. Our analysis was centrally coordinated,
and adjustment for important variables was carried out in all
cohorts. Our continuous analysis using splines allowed
visualisation of the association curves across the entire range
of urinary albumin-creatinine ratios and estimated glomerular
filtration rates.

Our study also has recognised limitations. There were no studies
from the African continent, and only few black participants.
The analysis was based on serum creatinine measurements and
urine albumin-creatinine ratio at a single time point.
Albuminuria is associated with smoking, high body mass index,
diabetes, and high blood pressure, and thus the variability of
albuminuria prevalence across high risk cohorts is, in part,
explained by the cardiovascular risk profile of the study
participants at baseline. All analyses have adjusted for
albuminuria and cardiovascular risk factors at baseline. Not all
assays were uniform, but every attempt was made to make
chronic kidney disease measures comparable across studies
(appendix 2 on bmj.com). As in all observational studies,
residual confounding is possible, and we were unable to adjust
for several potential confounders, including C reactive protein,
serum albumin, socioeconomic status, and physical activity.
However, given the strength of the associations observed, it is
unlikely that residual confounding would negate our results.
Some of the observed heterogeneity may be due to differences
in follow-up and outcome ascertainment. Causes of death may
differ between men and women, and not all causes of death are
associated with chronic kidney disease (for example, accidents
and certain infections™), which may explain the heterogeneity
in all-cause mortality. In general population cohorts with
available causes of deaths, about a third of deaths were
cardiovascular. There was much less heterogeneity in the
cardiovascular mortality associations than the all-cause mortality
associations, which was otherwise broadly similar to those for
all-cause mortality.

Comparison with other studies and
implications

Our results contrast with previous studies suggesting that the
association of estimated glomerular filtration rate with mortality
is equivalent or weaker in women.”*”® Variations in the
underlying populations studied may explain some of the
difference: the NHANES study follows a US cohort,” and the
MRC study enrolled only people aged >75 years™; and all
estimated glomerular filtration rate by means of the Modification
of Diet in Renal Disease (MDRD) Study equation, which may
have resulted in misclassification of women with an estimated
glomerular filtration rate of 45-59.” Recent studies have
demonstrated the superiority of the Chronic Kidney Disease
Epidemiology Collaboration equation for estimating measured
glomerular filtration rate and for predicting prognosis.' '> ¥ '
In addition, the reference groups used in the previous studies
were different from the ones used here. The choice of reference
can affect the estimation of interaction: choosing an estimated
glomerular filtration rate >60, for example, assumes the same
risk across the range of reference estimated glomerular filtration

rate, and may blunt estimates of associations (particularly when
associations are U shaped).

Some investigators have suggested different thresholds of
estimated glomerular filtration rate for defining chronic kidney
disease in men and women, where “normal” kidney function
encompasses a lower glomerular filtration rate in women than
men.” ¥ Our results strongly contradict this assertion: the risk
relationship increases more steeply at lower levels of glomerular
filtration rate for women than for men. We also found a smaller
increase in mortality risk at higher estimated glomerular
filtration rate in women than in men. Previous studies have
suggested that the increased mortality at higher estimated
glomerular filtration rate (resulting in a U shaped association
between glomerular filtration rate and mortality) may be
attributable to frailty or low muscle mass leading to decreased
creatinine generation rather than high levels of kidney
function." ** Our findings suggest some sex differences in the
relation of frailty or muscle mass with kidney function and
mortality. It was reassuring to see that the associations of
mortality and of end stage renal disease with estimated
glomerular filtration rate were linear in the chronic kidney
disease cohorts and among the younger participants in the
general population and high risk cohorts.

Similarly, because of the generally greater concentration of
urine creatinine in men, sex-specific cut points to define
pathological albuminuria have been proposed.** We found a
stronger association between albuminuria and mortality risk
(all-cause and cardiovascular) in women than men, both in the
studies measuring urinary albumin-creatinine ratio and those
measuring dipstick proteinuria (which is not corrected for urine
creatinine). Our results are in line with a previous study® and
do not support higher thresholds for urinary albumin-creatinine
ratio in women.

It is well accepted that men face a higher baseline cardiovascular
risk than women.'® The reason for this is not clear, nor for our
finding that this difference narrows at lower levels of estimated
glomerular filtration rate and higher levels of albuminuria.
Speculations as to possible explanations include differences
between men and women in onset, duration, and severity of
some risk factors, including diabetes, hypertension, obesity, and
smoking. The observed steeper associations of chronic kidney
disease with mortality risk among women may reflect more
advanced microvascular disease in women and relatively lower
macrovascular disease and its consequent mortality in women,'®
or potential complacency in the treatment and prevention of
vascular disease among women. Women experience increased
early mortality after acute myocardial infarction compared with
men,* ¥ particularly in younger age groups,® * a trend some
attribute to delays in or lack of administration of reperfusion
therapy™ or drugs used in secondary prevention.* Similar issues
of provider complacency may pertain in chronic kidney disease
in the general population.

We did not find a difference between the sexes in mortality
associations within the chronic kidney disease cohorts. This
may be due to selection biases”' ** (that is, women with chronic
kidney disease dying before referral or being referred later than
men), or renal care being more equal for women and men than
within primary care. More simply, the choice of reference may
explain why an interaction was not seen in the chronic kidney
disease cohorts. The fundamental question tested differs: in the
general population cohorts, we asked whether the risk of
mortality associated with reduced estimated glomerular filtration
rate (or higher urinary albumin-creatinine ratio) compared with
normal kidney function differed between men and women. In
the chronic kidney disease cohorts, our comparison group

‘ No commercial reuse: See rights and reprints http://www.bmj.com/permissions
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comprised those already experiencing reduced kidney function
(estimated glomerular filtration rate 50 or urinary
albumin-creatinine ratio 100). While there seems to be a sex
difference in risk associated with chronic kidney disease when
compared with normal kidney function, risk associated with
further reductions in estimated glomerular filtration rate (or
increases in urinary albumin-creatinine ratio) for a person
already afflicted with chronic kidney disease may not differ by
sex.

In both the general population and chronic kidney disease
cohorts, there was no difference by sex in the risk of end stage
renal disease associated with albuminuria or reduced estimated
glomerular filtration rate. Future research is needed to determine
why the incidence of renal replacement therapy in men exceeds
that in women."” * One potential explanation could be that in
our study fewer women had albuminuria, although the
prevalence of reduced estimated glomerular filtration rate (as
measured by the Chronic Kidney Disease Epidemiology
Collaboration equation) was similar by sex. Another possible
explanation could be competing mortality. We found stronger
associations of urinary albumin-creatinine ratio with all-cause
and cardiovascular mortality among women than men. The
hazard ratio associated with end stage renal disease does not
take into account the possibility of unequal rates of mortality
by sex. We had too few cohorts with both mortality data and
end stage renal disease events to investigate this issue further.

Conclusions

In this pooled analysis of over two million participants, there
was an increased risk of all-cause and cardiovascular mortality
and end stage renal disease with lower estimated glomerular
filtration rate and higher albuminuria in both sexes. In stark
contrast to previous assertions that kidney disease should be
defined by a lower threshold for estimated glomerular filtration
rate and higher threshold for urinary albumin-creatinine ratio
in women, we found the association between chronic kidney
disease and mortality risk to be as strong in women as in men.
Low estimated glomerular filtration rate or albuminuria should
be considered at least as potent a risk factor in women as it is
in men.
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What is already known on this topic

Reduced estimated glomerular filtration rate and albuminuria are both independently associated with an increased risk of all-cause
mortality and cardiovascular mortality and progression to end stage renal disease

In the US and the UK, women have lower incident rates of starting dialysis than men

What this study adds

Using data from a global consortium of cohort studies, we found that the risks for mortality were higher in men than in women at all
levels of estimated glomerular filtration rate and albuminuria. However, the slope of the associations with lower estimated glomerular
filtration rate and higher albuminuria were steeper for women than men

Thus, compared with normal levels of estimated glomerular filtration rate and urinary aloumin-creatinine ratio, the mortality risk associated

with chronic kidney disease was slightly higher in women than men

The risk for end stage renal disease at a given estimated glomerular filtration rate and urinary albumin-creatinine ratio was equivalent

between men and women

Data sharing: CKD-PC has agreed with collaborating cohorts not to
share data outside the consortium. Each participating cohort has its
own policy for data sharing.
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Tables

| Descriptive characteristics of cohorts included in meta-analysis of sex-specific associations of chronic kidney disease with
mortality and end stage renal disease. Results for men and women are separated by a solidus unless stated otherwise

Men/women
No of participants % with % with % with
Study Region (% women) Mean (SD) age (years) diabetes hypertension Mean (SD) eGFR albuminuria*

General population cohorts
Aichi Japan 4731 (20) 49 (7)/47 (7) 713 28/16 96 (14)/102 (14) 31
AKDN (Dip) Canada 920 686 (56) 50 (16)/48 (17) 9/6 23/21 (19)/86 (21) 5/4
ARICt USA 11 441 (56) 63 (6)/62 (6) 18/16 46/49 4 (15)/85 (16) 9/8
AusDiabt Australia 11179 (55) 52 (14)/51 (15) 10/7 36/29 6 (16)/86 (18) 717
Beaver Dam CKD USA 4857 (56) 61 (11)/63 (11) 10/10 50/51 81 (17)/78 (19) 6/3
Study
Beijingt China 1559 (50) 62 (9)/58 (10) 29/27 60/52 83 (14)/83 (15) 5/6
CHSt USA 2988 (59) 78 (5)/78 (5) 18/14 58/67 73 (18)/75 (17) 24/18
CIRCS Japan 11871 (61) 54 (9)/54 (9) 7/3 41/33 9 (14)/89 (15) 42
COBRA? Pakistan 2872 (52) 52 (11)/51 (11) 19/23 35/52 101 (17)/105 (18) 9/10
ESTHER Germany 9641 (55) 62 (7)/62 (7) 22117 62/58 85 (20)/83 (20) 15/9
Framinghamt USA 2956 (53) 59 (10)/58 (10) 12/8 43/37 88 (19)/88 (18) 11/13
Gubbiot Italy 1681 (55) 54 (6)/55 (6) 7/4 39/40 89 (10)/81 (11) 3/5
HUNTt Norway 9659 (55) 61 (14)/63 (15) 19/16 83/82 7 (19)/84 (20) 15/10
IPHS Japan 95 451 (66) 61 (10)/58 (10) 8/4 56/46 5 (13)/86 (14) 3/2
MESAT USA 6733 (53) 62 (10)/62 (10) 14/11 43/47 83 (16)/82 (17) 10/9
MRC UK 12 371 (61) 81 (4)/81 (5) 10/7 72/79 60 (14)/55 (15) 9/7
NHANES It USA 15 563 (53) 47 (20)/46 (19) 12/11 30/28 98 (24)/102 (25) 11/12
Ohasama Japan 1956 (64) 65 (10)/62 (10) 10/10 46/37 84 (14)/83 (13) 10/6
Okinawa83 Japan 9599 (60) 47 (15)/54 (16) NA/NA NA/NA 79 (16)/73 (17) 21/20
Okinawa93 Japan 93 216 (57) 53 (16)/56 (15) NA/NA NA/NA 79 (16)/76 (18) 4/3
PREVENDY Netherlands 8385 (50) 50 (13)/48 (12) 4/3 39/27 90 (16)/87 (15) 13/10
RanchoBernardot  USA 1474 (60) 70 (11)/71 (12) 15/10 54/56 74 (16)/73 (18) 13/16
REGARDSt USA 27 306 (54) 66 (9)/64 (9) 22/20 58/60 84 (19)/86 (21) 17/14
Severance Korea 76 201 (49) 45 (12)/46 (12) 7/5 26/24 88 (14)/92 (15) 7/4
ULSAMY Sweden 1103 (0) 71 (1)/NA 19/NA 75/NA 76 (11)/NA 16/NA
Taiwan Taiwan 515 573 (50) 41 (14)/42 (14) 5/5 18/16 90 (17)/96 (18) 2/2
General population 1861 052 (54) 48/48 8/6 25/24 86/88 5/4
total
High cardiovascular risk cohorts
ADVANCETt Multiple§ 10 595 (42) 6 (7)/66 (6) 100/100 81/84 80 (16)/76 (18) 31/30
AKDN (ACR)t§ Canada 102 639 (45) 57 (14)/57 (16) 56/52 48/53 78 (20)/76 (22) 26/24
CARE Canada 4098 (14) 8 (9)/61 (9) 13/20 84/91 77 (18)/71 (17) 13/15
KEEP USA 77 902 (68) 55 (15)/54 (15) 31/29 69/64 84 (22)/87 (24) 13/12
KP Hawaiit USA 39 884 (50) 58 (15)/59 (15) 50/46 NA/NA 79 (23)/80 (24) 34/33
MRFIT USA 12 854 (0) 46 (6)/NA 5/NA 66/NA 87 (13)/NA 4/NA
Pimat USA 5066 (56) 33 (14)/33 (15) 26/27 24/12 120 (18)/120 (20) 18/22
ZODIACt Netherlands 1095 (57) 66 (12)/69 (11) 100/100 83/90 76 (18)/66 (17) 41/38
High risk total 254 133 (50) 56/56 45/43 58/59 81/82 22/12
General population 2012546 (54) 49/49 10/8 28/27 86/ 88 6/5
and high risk total
Chronic kidney disease cohorts
AASKt USA 1094 (14) 54 (11)/55 (11) 0/0 100/100 46 (15)/44 (15) 61/63
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Table 1 (continued)

Men/women
No of participants % with % with % with
Study Region (% women) Mean (SD) age (years) diabetes hypertension Mean (SD) eGFR albuminuria*

BC CKDt Canada 17 426 (45) 69 (14)/70 (14) 41/35 81/80 37 (19)/36 (19) 79/71
CRIBt UK 308 (34) 3 (13)/60 (16) 16/19 95/94 24 (12)/19 (10) 85/89
Geisinger ACRt USA 3361 (54) 70 (10)/70 (10) 96/96 87/89 51 (9)/51 (8) 49/38
Geisinger dipstick ~ USA 4509 (61) 72 (11)/72 (11) 30/25 78175 49 (11)/49 (10) 31/22
GLOMMS-1 ACRt  Scotland 537 (51) 72 (11)/74 (10) 92/93 64/64 35 (8)/30 (7) 54 /47
GLOMMS-1 PCRt  Scotland 470 (48) 68 (15)/72 (15) 22/22 63/58 30 (10)/28 (9) 96/95
KPNW USA 1627 (56) 71 (10)/72 (10) 39/38 91/93 46 (11)/47 (12) 38/26
MASTERPLANY Netherlands 636 (31) 62 (12)/58 (14) 37/30 96/94 37 (15)/35 (13) 85/84
MDRD# USA 1730 (40) 52 (13)/50 (13) 7/5 NA/NA 40 (20)/41 (22) 82/82
MMKD# Multiple** 202 (34) 48 (12)/44 (13) 0/0 89/88 49 (29)/44 (32) 95/94
NephroTestt France 928 (31) 60 (158)/59 (15) 27/24 94/90 42 (20)/42 (22) 65/61
RENAALY Multiplett 1513 (37) 60 (8)/60 (7) 100/100 96/98 44 (13)/36 (12) 100/100
STENOt Denmark 886 (43) 43 (11)/44 (11) 100/100 65/63 89 (27)/80 (25) 53/45
Sunnybrookt Canada 3385 (44) 71 (13)/70 (15) 55/47 86/84 38 (15)/36 (17) 85/82
Chronic kidney 38 612 (47) 67/68 46/43 84/82 42/41 72/59

disease total

eGFR=estimated glomerular filtration rate. NA=not assessed. Study acronyms and abbreviations listed in appendix 1 on bmj.com.

*Albuminuria defined as urine albumin-creatinine ratio 230 mg/g or urine protein-creatinine ratio 250 mg/g or urine dipstick protein >1+.

1Studies with urine albumin-creatinine ratio.

1Studies with urine protein-creatinine ratio.

§All participants included in AKDN (Dip), thus not included in the general population and high risk total, and only used for albumin-creatinine ratio analysis
fiCanada, China, Czech Republic, France, Germany, Hungary, Italy, Malaysia, Netherlands, New Zealand, Russia, Slovakia, United Kingdom, Australia, Estonia,
India, Ireland, Lithuania, Philippines, Poland

**German speaking Alpine regions.

ttCanada, China, Czech Republic, France, Germany, Hungary, Italy, Malaysia, Netherlands, New Zealand, Russia, Slovakia, United Kingdom, Argentina, Austria,
Brazil, Chile, Costa Rica, Denmark, Israel, Japan, Mexico, Peru, Portugal, Singapore, Spain, United States of America, Venezuela.
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| Adjusted hazard ratios of sex-specific categorical analysis of associations of estimated glomerular filtration rate (¢GFR) and
albuminuria with all-cause mortality and cardiovascular mortality in general population cohorts and high risk cohorts (including the studies
with available urine dipstick data). Values are hazard ratios (95% confidence intervals) relative to the reference cell category of eGFR
90-104. The marginal associations of eGFR are in the rightmost column, and those for albuminuria are in the bottom rows for the two
sections, each adjusted for each other

Albuminuria . o
Marginal association
ACR <10, dipstick - ACR 10-29, dipstick ACR 30-299, dipstick 1+ ACR =300, dipstick 22+ for eGFR
eGFR Men Women Men Women Men Women Men Women Men Women
All-cause mortality
>105 1.40(1.15 1.24(1.08 1.99 (1.41t0 1.72 (1.15to0 3.02 (2.18 to 2.80 (1.86 to 5.11 (3.41to 5.56 (4.07 to 1.34(1.13 1.11(0.97
to 1.71)*  to 1.43)*t 2.82)* 2.57)*t 4.17)* 4.22)* 7.67)* 7.60)* to 1.60)* to 1.28)*t
90-104 Reference 1.52(1.27to 1.61 (1.29to 1.75(1.56to 2.15(1.73 to 3.13 (2.45to0 4.05 (3.07 to — —
1.81)* 2.01)* 1.98)* 2.67)"t 4.01)* 5.33)*t
75-89 0.87 (0.79 0.96 (0.88 1.33(1.22to0 1.43(1.26 to 1.58 (1.40to 1.92 (1.68 to 2.39 (1.98 to 3.04 (2.38 to 0.89 (0.81 0.95(0.88
t0 0.96) to 1.05)1 1.46)* 1.63)* 1.79)* 2.20)"t 2.89)* 3.88)"t t0 0.98)*  to 1.03)t
60-74 0.98 (0.86 1.02 (0.89 1.30 (1.15t0 1.56 (1.41 to 1.77 (1.52t0 2.15(1.93 to 2.46 (2.02to 3.41 (2.74 to 1.00 (0.87 1.02 (0.89
t0 1.13) to 1.18)1 1.47)* 1.72)*t 2.07)* 2.40)*t 2.99)* 4.23)*t to 1.14) to 1.17)1
45-59 117 (0.97 1.13(0.94 1.57 (1.32to 1.83 (1.52to 1.93 (1.62to 2.33 (1.97 to 2.83 (2.28to 3.55(2.80 to 1.16 (0.98 1.12(0.94
to 1.41) to 1.36) 1.87)* 2.20)* 2.31)* 2.75)*t 3.51)* 4.51)*t t0 1.38) to 1.33)
3044 1.51(1.23 1.86(1.42 222 (1.75t0 2.41 (1.90to 2.58 (2.14to 3.25(2.59 to 3.74 (2.89to 4.62 (3.51 to 1.46 (1.21 1.59 (1.27
to 1.86)* to 2.44)*t 2.83)* 3.05)* 3.12)* 4.07)*t 4.83)* 6.07)"t t0 1.77)*  t02.00)*t
15-29 2.84 (1.90 3.30(2.29 3.52 (2.34to0 3.85(2.64to 3.98 (2.87 to 4.60 (3.47 to 5.35(4.07to 7.19(5.38 to 2.14(1.70 2.54 (1.95
to 4.23)* to 4.74)* 5.29)* 5.60)* 5.53)* 6.11)* 7.03)* 9.60)*t to 2.71)*  to 3.31)*t
<15 4.55(2.38 7.41 (3.71 11.54 (7.05 7.15(4.36 to 7.29 (3.52t0 9.75(7.14 to 11.64 (8.58 16.07 (10.44 3.92 (3.09 4.93(3.97
to 8.67)*  to 14.80)* to 18.90)* 11.74)* 15.08)* 13.32)*t to 15.79)*  to24.72)*t t0 4.97)* t06.13)*t
Marginal — — 1.31(1.21t0 1.41 (1.27 to 1.66 (1.51to 1.85(1.64 to 241 (216to 2.86 (2.45to — —_
association 1.46)* 1.57)*t 1.82)* 2.09)*t 2.70)* 3.34)*t
for
albuminuria
Cardiovascular mortality
>105 1.31(1.02 1.09(0.78 1.81(1.07to 2.55(1.25to 4.45(2.70to 3.00 (1.78 to 5.73 (2.07 to 9.76 (3.07 to 1.30(1.04 1.00(0.77
to 1.70)* to 1.53) 3.06)* 5.17)* 7.33)* 5.06)* 15.89)* 30.97)* to 1.63)* to 1.29)
90-104 Reference 1.65(1.29t0 1.72(1.34 to 1.72 (1.37to 2.21 (1.65to 3.57 (2.36to 4.14 (2.67 to — —
2.12)* 2.21)* 217)* 2.94)* 5.38)* 6.43)"
75-89 1.01(0.93 1.13(1.02 1.59 (1.37to 1.61 (1.31 to 1.83(1.48t0 2.12 (1.71to 3.13(2.29t0 3.14 (2.31to 1.02 (0.95 1.11(1.02
t0 1.10) to 1.24)* 1.86)* 1.97)* 2.26)* 2.63)* 4.28)* 4.26)* to 1.10) to 1.21)*
60-74 116 (1.06 1.27 (1.15 1.55(1.32to 1.89 (1.55 to 2.27 (1.92to 2.53 (2.07 to 2.85(2.12to 3.67 (2.43 to 1.15(1.06 1.27 (1.16
to 1.27)* to 1.40)* 1.82)* 2.30)* 2.68)* 3.08)* 3.84)* 5.54)* to 1.24)* 10 1.38)*
45-59 155(1.39 1.47(1.18 2.05(1.71to 2.32(1.87to 2.41(1.84to0 3.20 (2.61to 3.48 (2.66 to 4.34 (3.27 to 1.45(1.32 1.60(1.36
to 1.73)* to 1.83)* 2.47)* 2.87)* 3.16)" 3.92)"t 4.55)* 5.76)* to 1.59)* 1o 1.87)*t
30-44 2.04 (1.71 2.92 (2.39 3.52 (2.54t0 2.77 (1.62t0 3.20 (2.54to 4.44 (3.25t0 4.74 (3.71to 5.83 (4.35t0 1.90(1.68 2.37 (1.94
to 2.45)*  to 3.55)*t 4.88)* 4.73)* 4.03)* 6.05)*t 6.04)* 7.80)* to 2.16)*  to 2.90)*t
15-29 9.82 (4.17 4.81(2.92 6.20 (2.90to 5.56 (2.58 to 4.43 (2.60to 5.57 (3.34 to 6.66 (4.02to 9.59 (6.79 to 2.43(1.84 3.58 (2.64
t0 23.13)* 10 7.93)* 13.23)* 11.99)* 7.53)* 9.29)* 11.03)* 13.54)* t0 3.22)* 10 4.86)*t
<15 9.75 (2.79 4.55(0.83 20.90 (9.24 6.46 (1.57 to 5.91(2.94to0 14.23 (6.88 12.15(6.22 8.76 (5.13 to 4.54 (242 4.09 (2.74
t0 34.07)*  t024.92) to 47.25)* 26.62)* 11.86)* to 29.45)* to 23.73)* 14.99)* to 8.50)* t06.11)*
Marginal — — 1.43(1.33t0 1.44 (1.33to 1.68 (1.46to 2.02 (1.73 to 221 (1.87to0 2.94 (2.25t0 — —
association 1.53)* 1.57)* 1.93)* 2.36)*t 2.61)* 3.85)"t
for
albuminuria

ACR= urinary albumin-creatinine ratio. Dipstick= dipstick proteinuria.
*Associations that reach P<0.05 compared with the reference category.
Tinteractions with sex that reach P<0.05.
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Figures
@ Women (with 95% CI) e® o Significant association relative to reference value within each sex
s== Men (with 95% CI) = Significant interaction between sex and eGFR or ACR

@ Referencevalue (eGFR 95, ACR 5)

Mortality by estimated glomerular filtration rate (eGFR)

A: Sex-specific hazard ratios B: Hazard ratios within each sex
6.0

=
=}
v

7/

Adjusted hazard ratio
N w
=) =)

0.8
15 30 45 60 75 90 105 120 15 30 45 60 75 90 105 120
eGFR (mL/min/1.73m? eGFR (mL/min/1.73m?)
Mortality by urinary albumin-creatinine ratio (ACR)
C: Sex-specific hazard ratios D: Hazard ratios within each sex

Adjusted hazard ratio

2.5 5 10 30 300 1000 2.5 5 10 30 300 1000
ACR (mg/g) ACR (mg/g)

Fig 1 Hazard ratios of all-cause mortality according to estimated glomerular filtration rate (A and B) and urinary
albumin-creatinine ratio (C and D) in men versus women in general population cohorts and high cardiovascular risk cohorts.
Panels A and C show sex-specific hazard ratios including a main effect for male sex at the reference point. Panels B and
D show hazard ratios within each sex, thus visually removing the baseline difference between men and women. Hazard
ratios were adjusted for age, sex, race, smoking status, systolic blood pressure, history of cardiovascular disease, diabetes,
serum total cholesterol concentration, body mass index, and estimated glomerular filtration rate splines or albuminuria
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Fig 2 Hazard ratios of all-cause mortality at estimated glomerular filtration rate of 45 (v rate of 95) in women and men per
study. Hazard ratios were adjusted for age, sex, race, smoking status, systolic blood pressure, history of cardiovascular

disease, diabetes, serum total cholesterol concentration, body mass index, and albuminuria
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Fig 3 Hazard ratios of all-cause mortality at urinary albumin-creatinine ratio of 30 (v ratio of 5) in women and men per study.
Hazard ratios were adjusted for age, sex, race, smoking status, systolic blood pressure, history of cardiovascular disease,
diabetes, serum total cholesterol concentration, body mass index, and estimated glomerular filtration rate splines.
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@ Women (with 95% CI) e® o Significant association relative to reference value within each sex
s== Men (with 95% CI) = Significant interaction between sex and eGFR or ACR
@ Reference value (eGFR 50, ACR 100)

End stage renal disease risk by estimated glomerular filtration rate (eGFR)

A: Sex-specific hazard ratios B: Hazard ratios within each sex

L 32
[
-
S 16
N
o
=
-] 8
ﬂ)
]
=l
T 4
<

2

1

0.5
15 30 45 60 15 30 45 60
eGFR (mL/min/1.73m? eGFR (mL/min/1.73m?)
End stage renal disease risk by urinary albumin-creatinine ratio (ACR)

o C: Sex-specific hazard ratios D: Hazard ratios within each sex
e 8
g
e
5 4
o
=
3
b 2
.=
=)
<

10 30 100 300 1000 3000 10 30 100 300 1000 3000
ACR (mg/g) ACR (mg/g)

Fig 4 Hazard ratios of end stage renal disease according to estimated glomerular filtration rate (A and B) and urinary
albumin-creatinine ratio (C and D) in men versus women in chronic kidney disease cohorts. Panels A and C show sex-specific
hazard ratios including a main effect for male sex at the reference point. Panels B and D show hazard ratios within each
sex, thus visually removing the baseline difference between men and women. Hazard ratio were adjusted for age, sex,
race, smoking status, systolic blood pressure, history of cardiovascular disease, diabetes, serum total cholesterol
concentration, body mass index, and estimated glomerular filtration rate splines or albuminuria
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