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ABSTRACT
Background In the United States, incidence of ESRD is 1.5 times higher in men than in women, despite men’s
lower prevalence of CKD. Prior studies, limited by inclusion of small percentages of minorities and other factors,
suggested that men have more rapid CKD progression, but this ﬁnding has been inconsistent.
Methods In our prospective investigation of sex differences in CKD progression, we used data from 3939
adults (1778 women and 2161 men) enrolled in the Chronic Renal Insufﬁciency Cohort Study, a large,
diverse CKD cohort. We evaluated associations between sex (women versus men) and outcomes, specifically incident ESRD (deﬁned as undergoing dialysis or a kidney transplant), 50% eGFR decline from baseline, incident CKD stage 5 (eGFR,15 ml/min per 1.73 m2), eGFR slope, and all-cause death.
Results Participants’ mean age was 58 years at study entry; 42% were non-Hispanic black, and 13% were
Hispanic. During median follow-up of 6.9 years, 844 individuals developed ESRD, and 853 died. In multivariable regression models, compared with men, women had signiﬁcantly lower risk of ESRD, 50% eGFR decline,
progression to CKD stage 5, and death. The mean unadjusted eGFR slope was 21.09 ml/min per 1.73 m2 per
year in women and 21.43 ml/min per 1.73 m2 per year in men, but this difference was not signiﬁcant after
multivariable adjustment.
Conclusions In this CKD cohort, women had lower risk of CKD progression and death compared with men.
Additional investigation is needed to identify biologic and psychosocial factors underlying these sexrelated differences.
J Am Soc Nephrol 30: 137–146, 2019. doi: https://doi.org/10.1681/ASN.2018030296

The prevalence of CKD is higher in women compared
with men, and this difference has been consistent over
time (from 13.7% versus 9.8% in 1988–1994 to 15.4%
versus 12.8% in 2011–2012).1 In contrast, the lifetime risk of ESRD has been found to be up to 50%
higher in men compared with women across racial/
ethnic groups.2 These ﬁndings suggest that women
may have slower kidney function decline compared
with men or that they are more likely to die before
progressing to ESRD.
Several clinical studies evaluating CKD progression in men versus women have reported conﬂicting
results. In some studies, women seem to have slower
progression of CKD compared with men. 3–5
J Am Soc Nephrol 30: 137–146, 2019

In contrast, other studies have found no difference or even a faster progression of CKD in women
compared with men.6 Few clinical studies have
evaluated the potential reasons for sex-related
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disparities in CKD progression. It has been postulated that
sex disparities in CKD progression could be attributed to
multiple factors, including sex hormones, renal hemodynamics, and renal mass differences between men and
women.7–12 Lifestyle factors, such as dietary intake of protein13 and smoking,14 have also been proposed as potential
mediators of sex differences in CKD progression.7 Sex-related
differences in health care utilization 15,16 and risk factor
control17 may also inﬂuence outcomes in women versus men
with CKD. Previous studies have been limited by inclusion of
small percentages of racial/ethnic minorities who are overrepresented in the United States ESRD population,18 small sample
sizes, retrospective design, or limited duration of follow-up.5,6
We evaluated sex-related differences in CKD progression
and potential explanatory factors for these differences in the
Chronic Renal Insufﬁciency Cohort (CRIC) Study, a large,
diverse, and well phenotyped CKD cohort.

Signiﬁcance Statement
Although women in the United States have a greater prevalence of
CKD compared with men, men are 1.5 times more likely to develop
ESRD. The reasons for this sex-related disparity are not well understood. In their prospective cohort study evaluating sex-related
differences in CKD progression, the authors evaluated data from
3939 adults enrolled in the Chronic Renal Insufﬁciency Cohort
Study, a large and diverse CKD cohort. They ﬁnd a lower risk of ESRD
and death from any cause in women compared with men, and these
differences remained statistically signiﬁcant, even after adjustment
for sociodemographic characteristics, baseline kidney function,
cardiovascular risk factors, medications, and markers of bone mineral metabolism. Additional research is needed to elucidate biologic
and psychosocial factors underlying the sex-related difference in
CKD progression.

The CRIC Study is an ongoing multicenter, prospective, observational study of risk factors for progression of CKD and its
complications. The design, methods, and baseline characteristics of study participants have been previously published.19–21
In brief, the CRIC included 3939 adults with mild-to-moderate
CKD recruited from May 2003 through March 2008 at seven
United States clinical centers based in Chicago, Illinois; Ann
Arbor, Michigan; Philadelphia, Pennsylvania; Baltimore,
Maryland; New Orleans, Louisiana; Cleveland, Ohio; and
Oakland, California. The study was designed to recruit similar
numbers of men and women. Main inclusion criteria were age
21–74 years old and eGFR of 20–70 ml/min per 1.73 m2 at
enrollment. Exclusion criteria were inability to consent, institutionalization, pregnancy, dialysis treatment for longer than 1
month, polycystic kidney disease, organ or bone marrow transplant, immunosuppressive drugs for kidney disease in the past
6 months, chemotherapy within 2 years, current participation
in another research study, New York Heart Association class
3 or 4 heart failure, cirrhosis, HIV infection, multiple myeloma,
or renal cell carcinoma. The study protocol was approved by
the Institutional Review Board of all participating centers, and
it is in accordance with the Declaration of Helsinki. All participants provided informed consent.

disease at baseline included previous myocardial infarction,
coronary revascularization, heart failure, stroke, or peripheral
arterial disease. At each study visit, participants were queried
about any medication use in the previous 30 days. Prior nephrology contact was determined at study entry by answering
“yes” to the question: “Have you ever seen a nephrologist or
kidney doctor?”22 Physical activity was self-reported using the
Multi-Ethnic Study of Atherosclerosis Typical Week Physical Activity Survey.23 Anthropometric measures were assessed using
standardized protocols. Body mass index (BMI; kilograms per
meter2) was calculated using measured height and weight. BP
measurements were obtained using the standardized American
Heart Association protocol.24 A fasting blood sample was collected to measure serum creatinine, electrolytes, lipids (total
cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides), and plasma glucose. Serum creatinine was measured by
an enzymatic method from Ortho Clinical Diagnostics
through October 2008 and the Jaffe method from Beckman
Coulter thereafter, and it was standardized to isotope dilution
mass spectrometry–traceable values.25,26 Serum cystatin C was
measured using a particle-enhanced immunonephelometric
assay on the BN II System (Siemens). Urinary total protein
and creatinine were measured using standard assays. Proteinto-creatinine ratios from 24-hour and spot urine specimens
were highly correlated, and therefore, they were used interchangeably. Diabetes mellitus was deﬁned by a fasting glucose
$126 mg/dl or use of insulin or oral hypoglycemic medications, and hypertension was deﬁned by systolic BP $140 mm
Hg, diastolic BP $90 mm Hg, or use of antihypertensive
medications.

Measurements and Variable Deﬁnition

Outcomes

The main predictor in this study was self-reported sex (women
or men). Information on sociodemographic variables (age,
race/ethnicity, education, marital status, annual household
income, and health insurance), medical history (hypertension, diabetes, and cardiovascular disease), and smoking habits was obtained at baseline by self-reported questionnaires. Race/ethnicity
was categorized as non-Hispanic white, non-Hispanic black,
Hispanic, or other. Self-reported history of any cardiovascular

Primary outcomes included (1) incident ESRD (deﬁned as
receipt of chronic dialysis therapy or kidney transplantation),
(2) 50% decline in eGFR from baseline, and (3) incident CKD
stage 5 (eGFR,15 ml/min per 1.73 m2). In addition, we evaluated the following secondary outcomes: (1) rate of decline in
kidney function (eGFR slope over time) and (2) death from any
cause. Ascertainment of ESRD was done through semiannual
surveillance by the CRIC Study personnel supplemented by

METHODS
Study Population
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crosslinkage with the US Renal Data System, leading to no missing data for this outcome. GFR was estimated at baseline and
each annual visit using a serum creatinine and cystatin C–based
equation developed in a subgroup of the CRIC participants with
measured iothalamate GFR.27 This equation has been shown to
have superior accuracy in this cohort compared with other eGFR
equations, and there was no evidence of signiﬁcant bias among
obese individuals (median difference [interquartile range] between
measured iothalamate GFR and eGFR of 0 [25–7] ml/min per
1.73m2) or difference in bias between women (0 [25–7]) and men
(0 [24–6]).27 Deaths were ascertained from reports by next of kin,
death certiﬁcates, hospital records, and linkage with the Social
Security Death Master File. Participants were followed until the
occurrence of death, withdrawal from the study, or 2013 when the
database was locked for analysis.
Statistical Analyses

Descriptive statistics were summarized as mean (SD) or median (interquartile range) for continuous variables and frequency (proportion) for categorical variables. Chi-squared
tests or Wilcoxon rank sum tests were used to compare categorical variables, and t tests were used to compare continuous
variables. Event rates (per 100 person-years) for time-to-event
outcomes were calculated as the ratio of the number of participants reaching the event divided by the total person-years
of follow-up before an event or until censoring by using
Poisson regression. In computations of event rates and failure-time regression analyses, follow-up times were censored at
time of death or end of the follow-up period (March 31, 2013).
For slope analyses, follow-up times were censored at the time
of ESRD, death, or end of follow-up. Cox proportional hazards
models were used to examine the association between sex and
outcomes. For each outcome, we ﬁtted ﬁve nested Cox proportional hazards models with covariates from each prior
model retained as follows. Model 1 was stratiﬁed by clinical
site and adjusted for age, race/ethnicity, and baseline kidney
function (eGFR splines and log protein-to-creatinine ratio
splines). Model 2 was additionally adjusted for other
demographic and clinical care variables: education, marital
status, nephrology care, and health insurance. Model 3 was
additionally adjusted for lifestyle factors: smoking, physical
activity, BMI, and waist circumference. Model 4 was additionally adjusted for cardiovascular risk factors: systolic BP, diabetes, prior cardiovascular disease, LDL cholesterol, HDL
cholesterol, triglycerides, serum albumin, and hemoglobin.
Model 5 was additionally adjusted for use of cardioprotective
medications: angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers, aspirin, and statin. Model 6
was additionally adjusted for markers of bone mineral metabolism: serum ﬁbroblast growth factor 23 (FGF23), calcium,
and phosphorus. These covariates, which were ascertained at
the time of the baseline visit, were chosen on the basis of
published clinical relevance.28–33 The order in which the
covariates entered the model was chosen a priori on the basis
of ﬁndings from prior studies. 28–31,34 We explored effect
J Am Soc Nephrol 30: 137–146, 2019
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modiﬁcation by age (as a continuous variable), race/ethnicity
(non-Hispanic white, non-Hispanic black, Hispanic, or
other), BMI (as a categorical variable), and diabetes status at
baseline (yes or no) by separately testing interaction terms
between sex and each of these variables in the ﬁnal regression
model. In addition, we conducted the following sensitivity
analyses: (1) death was evaluated as a competing risk for the
outcome of ESRD using subdistribution hazard models,35 (2)
BMI was added to the regression model as a categorical variable (,25, 25 to ,30, 30 to ,35, and $35 kg/m2) instead
of as a continuous variable, and (3) ESRD was treated as a
censoring event for the outcome death from any cause. Furthermore, we evaluated CKD stage at the time of death as a
potential effect modiﬁer of the association between sex and
death. For eGFR slope analyses, multivariable linear mixed
effects models were used to compare the eGFR mean annual
change in women versus men. Serum creatinine measurements for eGFR after development of ESRD were not taken
into account for these analyses. We constructed six nested
models as described above for failure-time analyses. All tests
were two sided, and P,0.05 was considered statistically signiﬁcant for hypothesis testing. All analyses were performed
using SAS 9.3 (SAS Institute, Cary, NC).

RESULTS
Baseline Characteristics

Of the total 3939 participants in this study, 1778 were women,
and 2161 were men (Table 1). The mean age at study entry was
58 years old, 42% were non-Hispanic black, and 13% were
Hispanic. The mean baseline eGFR was 44 ml/min per 1.73 m2
in women and 46 ml/min per 1.73 m2 in men, and the median
urine protein excretion was 113 mg/24 h in women compared
with 268 mg/24 h in men. Compared with men, women were
more likely to belong to a racial/ethnic minority group, have
low income, and have less than a high school education.
Women were also less likely to be married or live with a partner, and they were less likely to have ever seen a nephrologist.
The prevalence of hypertension, cardiovascular disease, and
diabetes was lower in women compared with men, although
the mean systolic BP and glycosylated hemoglobin were similar between the two sexes. Moreover, women were more likely
to have higher LDL and lower HDL cholesterol levels than
men, but they were less likely to report statin use. Women
were also less likely to report use of angiotensin-converting
enzyme inhibitors/angiotensin receptor blockers and aspirin
than men. Furthermore, women were more likely to abstain
from smoking, but they were less likely to report regular physical activity and more likely to have higher BMI and higher
waist circumference compared with men. Women also had
higher serum hemoglobin, calcium, phosphorus, and FGF23
than men. Seven hundred seventy-seven participants
(414 men and 363 women) were excluded from multivariable regression analyses due to missing covariate data
Sex and CKD Progression
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Table 1. Baseline characteristics of the Chronic Renal Insufﬁciency Cohort participants by sex
Characteristics
Demographic characteristics
Age, yr, mean (SD)
Age categories, yr, n (%)
21–45
46–60
61–74
Race/ethnicity, n (%)
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Annual household income ,$20,000, n (%)
Less than high school education, n (%)
Marital status n (%)
Married/living with partner
Single
Widowed/divorced
Health insurance, n (%)
Ever seen a nephrologist (yes versus no), n (%)
Clinical and laboratory characteristics
Hypertension, n (%)
Diabetes, n (%)
Cardiovascular disease, n (%)
Family history of CHD, n (%)
Systolic BP, mm Hg, mean (SD)
Glycated hemoglobin, %, median (IQR)
LDL cholesterol, mg/dl, mean (SD)
HDL cholesterol, mg/dl, mean (SD)
Triglycerides, mg/dl, median (IQR)
FGF23, RU/ml, median (IQR)
Calcium, mg/dl, mean (SD)
Phosphate, mg/dl, mean (SD)
Albumin, g/dl, mean (SD)
Hemoglobin, g/dl, mean (SD)
Kidney function measurements
eGFR, ml/min per 1.73 m2, mean (SD)
eGFR categories, ml/min per 1.73 m2, n (%)
,30
30 to ,45
45 to ,60
$60
Urine protein, mg/24 h, median (IQR)
Lifestyle factors
Never smoker, n (%)
Physical activity 30 min/d at least 5 d/wk, n (%)
Body mass index, kg/m2, mean (SD)
Body mass index categories, kg/m2, n (%)
,25
25–,30
30–,35
$35
Waist circumference, cm, mean (SD)
Ideal waist circumference, men ,102 cm and women ,88 cm, n (%)
Medications, n (%)
ACE inhibitor or ARB
Aspirin
Statin
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Women, n=1778

Men, n=2161

58.0 (11.2)

58.3 (10.9)

242 (13.9)
664 (38.1)
836 (48.0)

296 (14.0)
777 (36.8)
1039 (49.2)

656 (36.9)a
844 (47.5)
209 (11.8)
69 (3.9)
660 (37.1)a
400 (22.5)a

982 (45.4)
806 (37.3)
288 (13.3)
85 (3.9)
580 (26.8)
428 (19.9)

752 (42.3)a
305 (17.2)
721 (40.6)
1456 (81.9)
1084 (61.0)a

1406 (65.1)
263 (12.2)
492 (22.8)
1782 (82.5)
1517 (70.2)

1499 (84.3)a
844 (47.5)
514 (28.9)
932 (65.3)a
128.3 (22.7)
6.1 (5.6–7.3)
107.4 (36.5)a
42.7 (12.2)a
122.5 (86–171)a
165.8 (105.0–276.8)a
9.3 (0.5)a
3.9 (0.6)a
3.9 (0.45)
13.1 (1.8)a

1892 (87.6)
1064 (49.2)
802 (37.1)
998 (57.7)
128.6 (21.7)
6.2 (5.6–7.4)
98.9 (34.4)
53.4 (17.0)
133 (93–197)
132.0 (90.7–207.9)
9.2 (0.4)
3.6 (0.7)
4.0 (0.49)
12.0 (1.5)

43.9 (17.4)

45.7 (16.4)

405 (22.8)a
627 (35.3)
441 (24.8)
305 (17.2)
113 (60–599)a

402 (18.6%
712 (32.9)
650 (30.1)
397 (18.4)
268 (89–1200)

944 (53.1)a
817 (46.0)a
33.2 (9.2)a

837 (38.7)
1185 (54.8)
31.1 (6.4)

287 (13.3)a
753 (35.0)a
632 (29.4)a
481 (22.3)a
106.5 (15.9)a
358 (20.4)a

343 (19.3)
372 (20.9)
393 (22.1)
668 (37.6)
105.1 (19.4)
928 (43.6)

1123 (63.7)a
705 (40.0)a
922 (52.3)a

1566 (72.9)
972 (45.3)
1231 (57.3)
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Table 1. Continued
Women, n=1778

Characteristics
Achievement of guideline-recommended goals, n (%)
BP,130/80 mm Hg
LDL cholesterol ,100 mg/dl
Hemoglobin A1c ,7%

Men, n=2161

904 (51)
834 (47.1)a
1172 (69.3)

1054 (49.1)
1233 (57.3)
1411 (68.3)

CHD, coronary heart disease; IQR, interquartile range; FGF23, ﬁbroblast growth factor 23; ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor
blocker; hemoglobin A1c, glycated hemoglobin.
a
P,0.05.

During a median follow-up of 7 years, there were 844 ESRD
events (490 men and 354 women) and 853 deaths from any
cause (524 men and 329 women). The rate of ESRD per 100
person-years was 3.1 in women and 3.8 in men. The corresponding rates of death were 2.6 and 3.6, respectively. These
differences in event rates were observed across almost all age
strata (Figure 1). ESRD rates were higher in the younger age
strata (21–45 years old) compared with the older age strata
(61–74 years old) (Figure 1).
Incident ESRD
In a model adjusting for age, race/ethnicity, and baseline kidney
function, women had 17% lower risk of ESRD compared
with men (hazard ratio [HR], 0.83; 95% conﬁdence interval
[95% CI], 0.72 to 0.96) (Table 2). This risk was attenuated but
statistically signiﬁcant after adjusting for additional demographic and clinical variables (HR, 0.72; 95% CI, 0.59 to
0.87). Similar results were observed for the outcomes of
50% eGFR decline (fully adjusted HR, 0.82; 95% CI, 0.69 to
0.96) and incident CKD stage 5 (fully adjusted HR, 0.84; 95%
CI, 0.74 to 0.94) (Table 2). Although no signiﬁcant interactions between sex and diabetes, sex and race/ethnicity, or sex
and BMI were observed (P interaction .0.05), age was found
to be a signiﬁcant effect modiﬁer (P interaction =0.01) (Table
2). The age strata–speciﬁc multivariable-adjusted HRs (95%
CIs) for ESRD in women versus men were 1.15 (95% CI, 0.81
to 1.64) for participants ages 21–45 years old at baseline,
0.69 (95% CI, 0.52 to 0.90) for those 46–60 years old, and
0.58 (95% CI, 0.44 to 0.76) for those 61–74 years old. In sensitivity analyses evaluating death as a competing risk for ESRD,
the subdistribution HRs were similar to those obtained
from Cox proportional hazards models (fully adjusted
J Am Soc Nephrol 30: 137–146, 2019

eGFR Slope
The median numbers (interquartile ranges) of creatinine measurements were six (three to eight) among women and ﬁve
(three to eight) among men. The mean unadjusted eGFR slope
was 21.09 ml/min per 1.73 m2 per year in women and 21.43
ml/min per 1.73 m2 per year in men (difference women versus
men: 0.33 ml/min per 1.73 m 2 per year; P,0.001). The
corresponding fully adjusted means were 23.01 and 22.90
(difference women versus men: 20.10 ml/min per 1.73 m2 per
year; P=0.31) (Figure 2).

A
ESRD Event Rates per 100 p-y

Outcomes

subdistribution HR, 0.78; 95% CI, 0.63 to 0.97). Furthermore,
adding BMI in the regression model as a categorical variable
instead of a continuous variable did not modify the results
(fully adjusted HR, 0.71; 95% CI, 0.59 to 0.86).

Women

Men

6
5

4.8

5.2
4.6
3.7

4

2.9

3

2.3

2
1
0
21-45 years

B
Death Event Rates per 100 p-y

(annual household income or health insurance status
[n=603], FGF23 [n=60], waist circumference [n=48], or
other covariates [n=66]). Compared with individuals included in the ﬁnal regression model (n=3162), those excluded due to missing covariate data (n=777) were of similar
age (57.5 versus 58.3 years old), were less likely to be nonHispanic white (32% versus 44%), had lower baseline eGFR
(42 versus 46 ml/min per 1.73 m2), and had higher median
proteinuria (232 versus 174 mg/24 h; P,0.05 for the former
three comparisons).

46-60 years

Women

61-74 years

Men

5.0

4.5

4.0
3.0

3.0

3.2

2.4

2.0
1.1 1.1
1.0
0.0
21-45 years

46-60 years

61-74 years

Figure 1. Unadjusted rates of ESRD and death were lower in
women compared with men across age strata. Unadjusted (A)
ESRD and (B) death event rates per 100 person-years of follow-up
in women (light gray) versus men (dark gray) stratiﬁed by age.
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Table 2. Hazard ratios with 95% conﬁdence intervals from multivariable regression analyses of the association of sex (women
versus men) with renal outcomes
Model
Model 1

Model 2

Model 3

Model 4

Model 5
Model 6
Model 6
Age strata–speciﬁc
multivariable regression
analyses
Model 6
Model 6
Model 6

ESRD

50% Decline in
eGFR from Baseline

Development of CKD Stage 5
(eGFR<15 ml/min per 1.73 m2)

0.83 (0.72 to 0.96)

0.85 (0.75 to 0.96)

0.93 (0.86 to 1.02)

0.82 (0.71 to 0.95)

0.85 (0.74 to 0.97)

0.91 (0.82 to 1.00)

0.88 (0.75 to 1.04)

0.91 (0.79 to 1.05)

0.94 (0.85 to 1.04)

0.74 (0.61 to 0.88)

0.82 (0.70 to 0.96)

0.89 (0.79 to 1.00)

0.74 (0.62 to 0.89)
0.72 (0.59 to 0.87)

0.83 (0.70 to 0.97)
0.82 (0.69 to 0.96)

0.88 (0.78 to 0.98)
0.84 (0.74 to 0.94)

0.01

0.03

0.53

1.15 (0.81 to 1.64)
0.69 (0.52 to 0.90)
0.58 (0.44 to 0.76)

1.34 (0.96 to 1.86)
0.78 (0.62 to 0.99)
0.73 (0.57 to 0.93)

—
—
—

Variables Included in
Regression Models
Clinical site, age, race/ethnicity,
baseline eGFR, and urine
protein-to-creatinine ratio
+Education, marital status,
nephrology care, health
insurance
+Smoking status, physical
activity, BMI, waist
circumference
+Systolic BP, diabetes, CVD,
LDL, HDL, triglycerides,
albumin, and hemoglobin
+ACEi/ARB, aspirin, and statin
+Serum FGF23, calcium, and
phosphorus
P value for interaction sex 3 age

21–45 yr
46–60 yr
61–74 yr

BMI, body mass index; CVD, cardiovascular disease; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; FGF23, ﬁbroblast growth
factor 23; —, not applicable.

Death from Any Cause
In regression models adjusted for age, race/ethnicity, and
baseline kidney function, the risk of death was lower in women
than in men (HR, 0.69; 95% CI, 0.60 to 0.80) (Table 3), and this
association was unchanged after additional adjustment for
other demographic and clinical variables (HR, 0.56; 95% CI,
0.44 to 0.70). Similar results were observed when ESRD was
treated as a censoring event (fully adjusted HR, 0.64; 95% CI,
0.55 to 0.74). We found no evidence of effect modiﬁcation by
age, race/ethnicity, diabetes status, or CKD stage at the time of
death (P value for interaction .0.05).
DISCUSSION

In this large and diverse CKD cohort, women had lower risk of
ESRD and death, despite observed sex-related disparities in
lifestyle and medical management and after extensive adjustment for sociodemographic characteristics, baseline kidney
function, cardiovascular risk factors, medications, and markers of bone mineral metabolism.
We observed a number of important sex-related differences
in risk factors and management at study entry. Compared with
men, women were more likely to have adverse risk factors,
including lower socioeconomic status and physical activity;
higher BMI and waist circumference; higher serum phosphorus, FGF23, and LDL cholesterol levels; and lower HDL cholesterol and eGFR. Furthermore, women were less likely to
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report use of cardioprotective medications despite guideline
recommendations, which is consistent with the considerable
evidence of undertreatment of cardiovascular risk factors
among women.36 However, women were less likely to smoke
and had lower proteinuria. Despite having a less favorable risk
factor proﬁle and consistent with data from the US Renal Data
System,18 women in the CRIC Study were less likely to experience ESRD and death compared with men.
Our ﬁndings are similar to those of previous studies, including the Modiﬁcation of Diet in Renal Disease37 and the
African American Study of Hypertension and Kidney Disease,38 which have shown lower rates of ESRD in women
compared with men.3–5 Furthermore, a meta-analysis of 68
studies including 11,345 patients with nondiabetic kidney disease concluded that men with kidney disease from various
etiologies were more likely to progress to ESRD than
women.5 We found that sex-related disparities in incident
ESRD were not accounted for by differences in the multiple
demographic and clinical variables ascertained in this study.
Potential explanations for these ﬁndings include the protective
effect of endogenous estrogens and/or the deleterious effects
of testosterone, sex differences in nitric oxide metabolism, and
the differential effect of sex on lifestyle and traditional risk
factors.39–41 In addition, factors related to access to care and
other psychosocial factors that were incompletely measured in
our study might also play a role. The lower risk of incident
ESRD in women could be explained in part by the fact that
J Am Soc Nephrol 30: 137–146, 2019
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We report a steeper decline in eGFR over
time in men compared with women. How0.2
ever, in contrast with results from our failuretime analyses, after adjusting for age, race/
0.1
ethnicity, and baseline kidney function, this
difference became statistically nonsigniﬁ0
cant. One potential explanation could be
the phenomenon of informative censoring
-0.1
or missing not at random, which may occur
in longitudinal studies when some partici-0.2
pants have unobserved eGFR values (in our
-0.3
study, more men than women) due to events,
such as initiation of dialysis, kidney trans-0.4
plant, or death.49,50 In addition, it is possible
1
2
3
4
5
6
that greater prevalence or earlier developModel
ment of uremic symptoms in men may
Figure 2. Adjusted eGFR slope was similar in women compared with men. Mixed prompt earlier initiation of dialysis than in
effects models for the difference in eGFR slope in women versus men using a hierwomen.11 However, this information is not
archical modeling approach similar to failure-time regression analyses.
available in our study. Furthermore, earlier
initiation of dialysis among men would not
explain the discrepancy in ﬁndings between eGFR slope and
women might be more likely to opt for conservative treatment
the other failure-time outcomes, which were evaluated (incirather than dialysis. A national survey study in Australia redent CKD and 50% decline).
ported that, among patients with CKD stage 5, those who
We also found that women were less likely to die than men.
chose conservative care as planned initial treatment were
This survival advantage was present at every age strata, and it
more likely to be women than those who started dialysis therwas not attenuated by traditional or nontraditional risk factors.
apy.42 We did not explore this possibility in our study. HowSimilar to our ﬁndings, prior studies have shown a lower risk of
ever, this would not explain the observed lower risk of incident
CKD stage 5 or 50% eGFR decline from baseline among death among women with CKD compared with men with
CKD,3,51,52 and this has been attributed to the sex differences
women in our study.
Similar to prior studies, the incident ESRD rate in our study in health behaviors as well as the effects of sex hormones,
was lower among older individuals.3,28,43 Furthermore, in our
where estrogens may play a protective effect on the vasculature
and testosterone has a deleterious effect.53
cohort, age was a signiﬁcant effect modiﬁer of the association
between sex and ESRD. Although the risk of ESRD was lower
The ﬁndings of our study need to be interpreted in light of its
among older women compared with older men, this risk
limitations. The CRIC Study did not use a population-based
seemed to be higher among younger women compared with
sampling strategy; therefore, it is possible that the risk for CKD
younger men, although the association was not statistically progression differs between men and women enrolled in the
signiﬁcant. Although we did not adjust for menopausal status,
study compared with those not enrolled. For instance, it is well
it is likely that most women in this age strata (21–45 years old)
recognized that CKD awareness is lower in women compared
were premenopausal and therefore, had circulating endogewith men54 and that women are less likely to undergo CKD
nous estrogens. Our ﬁndings are in contrast with the hypothscreening or have nephrology contact after receiving a diagesized protective effect of endogenous estrogens on CKD nosis of CKD 22,55 ; therefore, our clinic-based sample of
progression, which is on the basis of animal studies.44–46
women might have had a lower risk proﬁle compared with
women who were not recruited. Moreover, we did not include
Future studies evaluating the role of endogenous estrogens
measurements of endogenous sex hormones, which might
on CKD progression among women with CKD are warranted.
Prior studies have suggested that the association between sex play a role in CKD progression, and important variables,
such as the cause of CKD and the type of diabetes mellitus,
and kidney function is modiﬁed by diabetes, whereby the lower
were not collected in the CRIC Study. Furthermore, we did not
risk of ESRD in women versus men is more apparent in nonconduct joint modeling of survival outcomes and longitudinal
diabetic kidney disease than in diabetic kidney disease.5,47,48 It
data to take into account the cause of unobserved eGFR values
has been proposed that potential mechanisms for the absence
in individuals who developed ESRD or died; as mentioned
of a clear sex difference in the setting of diabetes may be alterabove, this limitation might have contributed to the ﬁnding
ations in sex hormone levels present in patients with this conof nonsigniﬁcant eGFR slope differences in women versus
dition.47 However, we found no evidence of signiﬁcant effect
men after covariate adjustment. Finally, our ﬁndings are submodiﬁcation by diabetes on the association between sex and
ESRD. Reasons for the discrepancy are unclear but could be ject to residual confounding and bias that may occur in observational studies, especially because baseline characteristics
due to differences in regression modeling approaches.
Difference in eGFR Slope
(ml/min/1.73m2/yr) in Women vs. Men

0.3
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Table 3. Hazard ratios with 95% conﬁdence intervals from multivariable regression analyses of the association of sex (women
versus men) with all-cause mortality
Model

Variables Included in Regression Models

Death from Any Cause

Death from Any Cause
(ESRD as a Censoring Event)

Model 1

Clinical site, age, race/ethnicity, baseline eGFR, and
urine protein-to-creatinine ratio
+Education, marital status, nephrology care, health
insurance
+Smoking status, physical activity, BMI, waist
circumference
+Systolic BP, diabetes, CVD, LDL, HDL, triglycerides,
albumin, and hemoglobin
+ACEi/ARB, aspirin, and statin
+Serum FGF23, calcium, and phosphorus

0.69 (0.60 to 0.80)

0.78 (0.70 to 0.86)

0.61 (0.51 to 0.73)

0.70 (0.62 to 0.79)

0.65 (0.54 to 0.80)

0.76 (0.66 to 0.86)

0.65 (0.52 to 0.81)

0.67 (0.58 to 0.78)

0.65 (0.52 to 0.81)
0.56 (0.44 to 0.70)

0.68 (0.58 to 0.78)
0.64 (0.55 to 0.74)

Model 2
Model 3
Model 4
Model 5
Model 6

BMI, body mass index; CVD, cardiovascular disease; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; FGF23, ﬁbroblast growth
factor 23.

differ between women and men. Despite these limitations, our
study also has important strengths: the large sample size,
which included similar proportions of men and women,
and a diverse racial/ethnic population with a wide age range
and broad set of underlying causes of CKD. We had extensive
annual data collection of clinical and laboratory measurements that are often not available in population-based studies.
Moreover, we evaluated multiple deﬁnitions of CKD progression, which allowed our ﬁndings to be compared with those
from other studies. Finally, the follow-up of the CRIC participants is very complete (90% retained and actively under study
as of the year 5 visit), and linkage with the US Renal Data
System and national death databases maximized capture of
primary study end points.
In summary, our results highlight a sex-related disparity in
CKD progression and mortality. Although there were no signiﬁcant differences in eGFR slopes between women and men
after adjusting for demographic and clinical factors, women
had lower risk of ESRD and death than men. The role of other
biologic and psychosocial factors needs to be further investigated in this population.
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