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Abstract
Background and objectives The effect of sex on longitudinal health-related quality of life remains unknown in
CKD. Here we assess differences in the sex-specific evolution of health-related quality of life in older men and
women with advanced CKD.

Design, setting, participants, & measurements The European Quality Study on Treatment in Advanced Chronic
Kidney Disease is a European observational prospective cohort study in referred patients with CKD and an
incident eGFR,20 ml/min per 1.73 m2 who are$65 years of age not on dialysis. Health-related quality of life
was measured using the 36-Item Short Form Survey at 3- to 6-month intervals between April 2012 and September
2020, providing Physical Component Summary and Mental Component Summary scores. Trajectories were
modeled by sex using linear mixed models, and sex differences in health-related quality-of-life slope were
explored.

ResultsWe included 5345 health-related quality-of-life measurements in 1421 participants. At baseline, women
had considerably lower mean Physical Component Summary (42) and Mental Component Summary (60)
compared with men (Physical Component Summary: 55; Mental Component Summary: 69; P,0.001). However,
during follow-up, Physical Component Summary and Mental Component Summary scores declined
approximately twice as fast in men (Physical Component Summary: 2.5 per year; 95% confidence interval, 1.8 to
3.1; Mental Component Summary: 2.7 per year; 95% confidence interval, 2.0 to 3.4) compared with in women
(Physical Component Summary: 1.1 per year; 95% confidence interval, 0.1 to 2.0; Mental Component Summary:
1.6 per year; 95% confidence interval, 0.7 to 2.6). This difference was partly attenuated after adjusting for
important covariates, notably eGFR decline. Higher serum phosphate, lower hemoglobin, and the presence of
preexisting diabetes were associated with lower Physical Component Summary and Mental Component
Summary scores in men but to a lesser extent in women.

Conclusions Among older men and women with advanced CKD, women had lower health-related quality of life
at baseline, but men experienced a more rapid decline in health-related quality of life over time.

CJASN 17: 205–214, 2022. doi: https://doi.org/10.2215/CJN.08730621

Introduction
Differences between the sexes are apparent in the
epidemiology of CKD. The prevalence of CKD,
especially the earlier stages, is higher in women,
whereas paradoxically, more men progress to KRT
(1). Patient outcomes also differ by sex, with men at
a higher risk of mortality throughout the earlier
stages of CKD, although this difference declines
progressively with decreasing kidney function and
is reduced to zero on dialysis (2). These differences
may arise due to biologic or physiologic differences
(“sex”) or due to culturally and socially constructed
attributes of women and men (“gender”). Although

acknowledging this distinction, we use the term
“sex” throughout the manuscript to encompass both
the biologic and gender differences between men
and women.
It is increasingly being accepted that the patient’s

health-related quality of life (HRQOL) is equally as
important as other clinical outcomes when assessing a
patient’s health status (3). It has been established that
women consistently report a poorer HRQOL than
men in the general population (4–7) as well as in vari-
ous chronic disease populations (8–11). Sex differences
regarding patient-reported outcomes are also appar-
ent in the CKD population (1,12). In patients with
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severely low kidney function, several studies report a
poorer HRQOL in women across both mental and physical
HRQOL domains (13,14), although this finding is not uni-
versal (15–17).
Few studies have investigated the interdependence of

HRQOL and sex over time in older patients with advanced
CKD (18). CKD is highly prevalent in this age group, and
given the rising life expectancy, efforts to improve HRQOL
in the elderly should remain in focus. An understanding of
sex-specific HRQOL over the course of predialysis CKD
and the potential mechanisms underlying any differences
may provide insights into a patient’s health and needs and
aid sex-specific clinical monitoring and the KRT decision-
making process. In this paper, we aim to (1) describe the
sex-specific evolution of HRQOL in referred patients with
CKD of older age, (2) determine which factors explain the
difference in HRQOL between the sexes, and (3) explore
the sex-specific determinants of HRQOL.

Materials and Methods
Study Design and Population
The European Quality Study on Treatment in Advanced

Chronic Kidney Disease (EQUAL) is an ongoing observa-
tional cohort study including patients with CKD of 65 years
of age and older with an incident eGFR ,20 ml/min per
1.73 m2 (calculated by the Modification of Diet in Renal
Disease equation) not on dialysis receiving routine medical
care in Germany, Italy, The Netherlands, Poland, Sweden,
and the United Kingdom. Participants were excluded if the
drop in eGFR resulted from an acute event or if they had
previously received dialysis or a kidney transplant.
Approval was obtained from the medical ethical commit-
tees in each country. Informed consent was obtained from
all participants. A full description of the study has been
published elsewhere (19).

Data Collection
Clinical data were collected between April 2012 and Sep-

tember 2020 on demographics, primary kidney disease, lab-
oratory data, medication, cardiovascular risk factors, and
cardiovascular comorbid conditions (Supplemental Table
1). Study visits and data collection of routine biochemistry
and HRQOL were scheduled at 3- to 6-month intervals,
and participants were followed until dialysis initiation, kid-
ney transplantation, death, refusal of further participation,
loss to follow-up, or end of follow-up at 4 years. eGFR was
calculated from serum creatinine level standardized to iso-
tope dilution mass spectrometry using the Chronic Kidney
Disease Epidemiology Collaboration equation. Albumin-
creatinine ratio was also determined following routine
24-hour urine collection or a single sample if 24-hour uri-
nary collection was unavailable. Hyper-polypharmacy was
defined as the use of ten or more medications. Primary kid-
ney disease was classified using the codes of the European
Renal Association–European Dialysis and Transplantation
Association.
HRQOL is a multidimensional concept commonly

defined as an individual’s perceived physical, mental,
emotional, and social health (20). HRQOL was collected
through self-administered paper questionnaires. HRQOL

was measured using the Short-Form 36 (SF-36), a 36-item
questionnaire measuring HRQOL on eight domains, result-
ing in an overall Physical Component Summary (PCS)
score and a Mental Component Summary (MCS) score. The
PCS is composed of the domains of physical functioning,
role limitations due to physical problems, general health,
and bodily pain, reflecting physical HRQOL, whereas the
MCS is composed of social functioning, role limitations
due to emotional problems, vitality, and mental health,
reflecting mental HRQOL. PCS and MCS scores range from
zero to 100. The questionnaire showed good internal con-
sistency for both PCS and MCS in our population mea-
sured by Cronbach a-values (0.86 and 0.90, respectively).

Statistical Analyses
Participant characteristics were reported by sex. Linear

mixed models were used to model the participant’s physi-
cal and mental HRQOL trajectories. A random intercept
was included to capture the variation in HRQOL baseline
values between individuals, and a random slope for time
was included to capture variability in the individual’s
HRQOL trajectory. The model included time, sex, and their
interaction, and it describes the sex-specific trajectories of
HRQOL over time. In subsequent models, we investigated
to what extent the association of sex on the HRQOL trajec-
tory is explained by various groups of a priori–defined
(time-varying) covariates (from repeated measurements).
The difference between the covariate-adjusted estimates
and the estimates from the unadjusted model for the sex-
specific HRQOL slopes represents the proportion of the
association between sex and HRQOL that is explained by
each covariate (21). The variables eGFR, urine albumin-cre-
atinine ratio, albumin, calcium, phosphate, potassium, cho-
lesterol, hemoglobin, and BP were included in the models
as time-varying covariates. In addition, we explored sex-
specific determinants of HRQOL using interaction analyses
(22). We first explored unadjusted interaction effects
between participant sex, demographics, medication, cardio-
vascular risk factors, blood chemistry, kidney function, and
comorbidities using an interaction term between sex and
the variable of interest, including the random effects
described above. On the basis of expert opinion and identi-
fication of univariable statistical significance of the interac-
tion term, variables were selected for further investigation
and adjusted for confounders following the criteria for con-
founding (i.e., not in the causal pathway, common cause of
both exposure and outcome) (Supplemental Table 2) (23).
Nonlinear associations were assessed using natural cubic
splines.

We followed participants until death or dialysis initia-
tion. Consequently, missing values may be introduced
when participants drop out of the study due to mortality
or are censored due to dialysis initiation. As HRQOL is
related to these events, dropout may be deemed informa-
tive (24–26). As a sensitivity analysis, we applied joint
models for longitudinal and time-to-event data to avoid
biased estimates of HRQOL trajectory because of dropout
due to mortality or dialysis initiation (27). The joint model
links the linear mixed model described above to a Cox sur-
vival model, which captures the risk of the combined event
of either mortality or dialysis. In this manner, the joint
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model informs the longitudinal QoL trajectory on missing-
ness caused by either of these events. The joint model esti-
mates may then be interpreted as the longitudinal QoL tra-
jectory in the hypothetical situation that none of the
participants died or started dialysis (28).
Participants who completed at least one HRQOL ques-

tionnaire were included in this study. A flow diagram is
included in Supplemental Figure 1. In this group, 30% of
the longitudinally collected questionnaires were missing.
Missing values (Supplemental Table 3) were imputed using
the MICE package. A complete case analysis of the main
results provided similar estimates (Supplemental Table 4).
All analyses were performed with SAS version 9.4 and R
version 3.4.1.

Results
Participant Characteristics at Baseline
Table 1 describes the baseline characteristics of the 1421

included participants by sex. On average, participants were
76 years old at inclusion, two thirds were men, and the
eGFR at baseline was 17 ml/min per 1.73 m2. Women were
older; were more likely to be widowed; had lower levels of
education; had a higher body mass index; and had higher
values of serum calcium, cholesterol, and potassium, but
they had lower levels of hemoglobin. Women were more
likely to have a prescription for antidepressants. Women
had higher baseline eGFR and a lower albumin-creatinine
ratio. In comparison with those included in this study,
excluded participants (n5320) had a different primary
kidney disease distribution, were prescribed more med-
ications, and had higher levels of serum potassium
(Supplemental Table 5).

Health-Related Quality-of-Life Trajectory over Time by Sex
At baseline, women had considerably lower mean PCS

(42) and MCS (60) as compared with men (PCS: 55; MCS:
69). During follow-up, we included 5345 HRQOL measure-
ments over a total of 2047 person-years, with a median of
three (interquartile range, 2–5) measurements per partici-
pant and a median follow-up time of 14 months (interquar-
tile range, 5–27). Overall, PCS declined by 1.9 (95% confi-
dence interval [95% CI], 1.3 to 2.4) points each year, and
MCS declined by 2.1 (95% CI, 1.6 to 2.7) points each year.
Although women had overall lower HRQOL scores, Figure
1 and Table 2 demonstrate that PCS and MCS declined
approximately twice as fast in men (PCS: 2.5 per year; 95%
CI, 1.8 to 3.1; MCS: 2.7 per year; 95% CI, 2.0 to 3.4) com-
pared with women (PCS: 1.1 per year; 95% CI, 0.1 to 2.0;
MCS: 1.6 per year; 95% CI, 0.7 to 2.6). Examination of the
separate SF-36 domains revealed that “role functioning
emotional” contributed most to the MCS difference in
annual decline found between men and women and that
“role functioning physical” and “bodily pain” contributed
the most to the PCS difference (Supplemental Table 6). The
association of sex with HRQOL trajectories remained simi-
lar after adjusting for potential informative censoring due
to either mortality (men 23%; women 22%) or dialysis initi-
ation (men 38%; women 31%) (Supplemental Table 7). In a
subset of 1032 participants with at least two HRQOL meas-
urements and .6 months of follow-up, trajectories

remained similar in men (PCS: 22.8 per year; 95% CI, 23.5
to 22.1; MCS: 23.0 per year; 95% CI, 23.7 to 22.3) and
women (PCS: 21.1 per year; 95% CI, 22.1 to 20.2; MCS:
21.8 per year; 95% CI,22.8 to20.9).
Adjustment for various groups of covariates attenuated

the rate of decline of PCS and MCS in both men and
women and reduced the difference in slopes between the
sexes (Table 2). The difference in rate of HRQOL decline
adjusted for individual covariates and covariate groups is
presented in Supplemental Table 8. The largest reduction
in difference in annual decline in PCS and MCS between
men and women was observed after adjusting for (nonlin-
ear) eGFR over time. Full adjustment for all covariates
reduced the difference in annual decline in PCS and MCS
between men and women to 1.2 (95% CI, 20.1 to 2.5) and
0.5 (95% CI, 20.8 to 1.8), respectively.

Sex-Specific Determinants of Mean Health-Related Quality
of Life
Interaction effects between participant characteristics and

sex on mean MCS and PCS were explored univariably
(Supplemental Table 9), and they were subsequently
selected and adjusted for confounders (Table 3). In adjusted
analyses, higher serum phosphate showed a strong inverse
association on both mean PCS (per millimoles per liter:
24.1) and mean MCS (25.3) in men but not in women
(PCS: 2.7; MCS: 1.4). Higher serum hemoglobin was more
strongly associated with improved mean HRQOL in men
(per grams per deciliter; PCS: 1.3; MCS: 1.7) compared with
women (PCS: 0.6; MCS: 0.7). The presence of preexisting
diabetes showed a negative association with mean PCS
(26.9) and mean MCS (26.1) in men but to a lesser extent
in women (PCS: 22.6; MCS: 20.1). Importantly, we identi-
fied nonlinear sex-specific associations of eGFR with
HRQOL, demonstrating an increasingly stronger negative
association of lower eGFR on both mean PCS and mean
MCS in men compared with women below approximately
15 ml/min per 1.73 m2 (Figure 2, Table 3).

Discussion
In this paper, we investigate the interdependence

between sex, HRQOL, and important demographic and
clinical factors in older patients with advanced CKD. Our
findings demonstrate that women consistently report lower
physical and mental HRQOL scores compared with men.
Nonetheless, despite the higher overall HRQOL scores
reported by men, HRQOL declined approximately twice as
fast over time compared with women. This association was
attenuated to some extent after accounting for sex differ-
ences in eGFR levels, suggesting an explanatory role for
decreasing eGFR. However, the majority of this disparity
remained unexplained, suggesting that other unidentified
factors may play a role. Interestingly, lower eGFR, lower
serum hemoglobin, higher phosphate levels, and preexist-
ing diabetes were associated with lower HRQOL in men
but to a lesser extent in women.
Our finding that women perceive an overall poorer

HRQOL compared with men is consistent with that found
in the general population (4–7), in patients on dialysis (29),
and in several studies on nondialysis-dependent CKD
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Table 1. Baseline characteristics of participants in the European Quality Study on Treatment in Advanced Chronic Kidney Disease

Characteristics Overall, n51421 Women, n5485 Men, n5936

Demographics
Age, yr 76 (7) 77 (7) 76 (6)
Education level, n (%)

Low education 437 (31) 184 (38) 253 (27)
Intermediate education 767 (54) 257 (53) 510 (55)
High education 217 (15) 44 (9) 173 (19)

Marital status, n (%)
Married 913 (64) 203 (42) 710 (76)
Divorced 103 (7) 45 (9) 58 (6)
Widowed 346 (24) 209 (43) 137 (15)
Never married 59 (4) 28 (6) 31 (3)

One or more children, n (%) 1256 (88) 429 (89) 827 (88)
Primary kidney disease, n (%)

Glomerular disease 146 (10) 39 (8) 107 (11)
Tubulointerstitial disease 127 (9) 54 (11) 73 (8)
Diabetes 286 (20) 83 (17) 203 (22)
Hypertension 516 (36) 185 (38) 331 (35)
Miscellaneous kidney disorders 346 (24) 124 (26) 222 (24)

Weight, kg 80 (17) 73 (17) 83 (17)
Height, cm 168 (10) 159 (7) 173 (8)
BMI, kg/m2 28 (5) 29 (6) 28 (5)

Medication, n (%)
Hyper-polypharmacy 333 (23) 115 (24) 218 (23)
Antidepressant prescription 96 (7) 51 (11) 45 (5)

Cardiovascular
Systolic BP, mm Hg 143 (22) 141 (22) 144 (21)
Diastolic BP, mm Hg 74 (11) 74 (11) 74 (11)
Hb, g/dl 11.6 (1.5) 11.5 (1.4) 11.7 (1.5)
Smoking status, n (%)

Current smoker 123 (9) 38 (9) 85 (9)
Ex-smoker 770 (54) 170 (35) 600 (64)
Never 528 (37) 277 (57) 251 (27)

Blood chemistry
Albumin, g/dl 3.8 (5.9) 3.8 (5.8) 3.8 (5.9)
Calcium, mg/dl 9.2 (0.8) 9.2 (0.8) 8.8 (0.8)
Cholesterol, mg/dl 174 (50) 190 (54) 166 (4.6)
PO4, mg/dl 4.0 (0.9) 4.0 (0.9) 4.0 (0.9)
Potassium, mEq/L 4.6 (0.6) 4.6 (0.6) 4.7 (0.6)

Kidney function
eGFR, ml/min per 1.73 m2 17 (5) 18 (6) 17 (5)
UACR, mg/g 292 [44–1221] 177 [27–1027] 363 [62–1292]

Comorbidities, n (%)
Diabetes 588 (41) 177 (37) 411 (44)
Chronic heart failure 262 (18) 84 (17) 178 (19)
Cerebrovascular disease 210 (15) 70 (14) 140 (15)
Peripheral vascular disease 242 (17) 61 (13) 181 (19)
Myocardial infarction 249 (18) 52 (11) 197 (21)
Angina pectoris 217 (15) 48 (10) 169 (18)
Left ventricular hypertrophy 347 (24) 101 (21) 246 (26)
Atrial fibrillation 253 (18) 88 (18) 165 (18)
Hypertension 1272 (90) 432 (89) 840 (90)

Short-Form 36
Mental Component Summary 65.6 (22.7) 59.5 (22.7) 68.8 (22.1)
Physical Component Summary 50.3 (22.5) 42.0 (21.2) 54.6 (22.0)
Physical functioning 51.2 (30.2) 39.2 (28.9) 57.5 (28.9)
Physical role functioning 42.6 (43.1) 33.5 (41.4) 47.2 (43.3)
Emotional role functioning 65.9 (42.8) 58.6 (45.6) 69.7 (40.7)
Bodily pain 61.6 (29.8) 50.3 (28.8) 67.4 (28.6)
Social role functioning 72.8 (27.9) 67.2 (29.4) 75.8 (26.7)
Mental health 73.7 (20.3) 68.6 (21.3) 76.3 (19.3)
Vitality 50.6 (23.4) 44.1 (22.7) 54.0 (23.0)
General health perceptions 46.6 (18.2) 46.1 (18.0) 46.8 (18.3)

Continuous variables are expressed as mean (SD) except for UACR, which is presented as median [interquartile range]. BMI, body
mass index; Hb, hemoglobin; PO4, phosphate; UACR, urine albumin-creatinine ratio; Short-Form 36, 36-Item Short Form Survey.
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(13,14), although the latter is not universal (15–17). Pagels
et al. (15) found no association between sex and HRQOL in
a cross-sectional analysis of 535 Swedish patients with
CKD stages 2–5, despite a history of cardiovascular disease
and higher CRP levels being more common among men.
Similarly, Chow et al. (16) found that the presence of CKD
(,60 ml/min per 1.73 m2) had comparable effects on
HRQOL in Australian men and women, with the

exceptions of women reporting more problems in the
bodily pain domain and men reporting more problems in
the mental health domain. Aggarwal et al. (17) also report
domain-specific sex discrepancies in patients with CKD,
with women reporting lower physical HRQOL compared
with men but similar mental HRQOL.
Several potential mechanisms may explain the lower

overall reported HRQOL found in women at baseline
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Figure 1. | Population average (A) Physical Component Summary and (B) Mental Component Summary trajectories and 95% confidence
intervals for men (blue), women (red), and overall (gray).

Table 2. Annual decline in health-related quality of life in men and women sequentially adjusted for an expanding set of covariates

Annual Change for Physical
Component Summary

(95% Confidence Interval)
P Value

Annual Change for Mental
Component Summary

(95% Confidence Interval)
P Value

Unadjusted change
Women 21.1 (22.0 to 20.1) 21.6 (22.6 to 20.7)
Men 22.5 (23.1 to 21.8) 22.7 (23.4 to 22.0)

Difference in change comparing women with men
Unadjusted model 1.4 (0.3 to 2.5) 0.01 1.1 (20.1 to 2.2) 0.07
1 Demographics 1.2 (0.0 to 2.4) 0.06 0.8 (20.4 to 2.1) 0.19
1 Medication 1.1 (20.1 to 2.3) 0.07 0.8 (20.5 to 2.0) 0.23
1 Cardiovascular 1.3 (0.1 to 2.6) 0.04 0.8 (20.5 to 2.1) 0.22
1 Blood chemistry 1.2 (0.0 to 2.5) 0.06 0.7 (20.7 to 2.0) 0.32
1 Kidney function 1.2 (20.1 to 2.5) 0.08 0.5 (20.9 to 1.8) 0.48
1 Comorbidities 1.2 (20.1 to 2.5) 0.08 0.5 (20.8 to 1.8) 0.46

The adjusted estimates for the difference between the sex-specific slopes for health-related quality of life (HRQOL) can be
compared with the estimates from the unadjusted model. The difference between the two estimates then represents the proportion
of the association of sex on HRQOL slope that is explained through the covariates. Demographics include participant age,
educational level, marital status, having children, primary kidney disease, and country. Medication covariates include hyper-
polypharmacy and antidepressant prescription. Cardiovascular covariates include both systolic and diastolic BP, hemoglobin,
smoking status, and body mass index. Blood chemistry covariates include serum albumin, calcium, cholesterol, phosphate, and
potassium. Kidney function covariates include eGFR and UACR. Comorbidity covariates include diabetes, chronic heart failure,
cerebrovascular disease, peripheral vascular disease, myocardial infarction, angina pectoris, left ventricular hypertrophy, atrial
fibrillation, and hypertension. UACR, urine albumin-creatinine ratio.
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and throughout follow-up. First, men may be more likely
than women to deny or under-report perceived signs of
physical weakness due to social and cultural norms
defining the concept of masculinity (30,31). Second, men
and women commonly apply different coping styles to
deal with the limitations imposed by CKD. Women tend
to apply more emotion-focused coping than men, which
has been associated with a poorer quality of life (32,33).
Third, women report more symptoms compared with

men and perceive these symptoms to be more intense.
We previously demonstrated the negative association of
symptoms with HRQOL (34). Moreover, this difference
in symptom sensitivity seems to persist after excluding
gynecologic and reproductive symptoms and after
restriction to medically unexplained symptoms (4,35).
Last, women tend to have a higher prevalence of anxiety
and depression affecting both mental and physical
HRQOL (36,37), which is also reflected by our data

Table 3. Associations of clinical characteristics with health-related quality of life adjusted for confounders

Clinical Characteristic
Physical Component Summary Mental Component Summary

Women Men P Value for
Interaction Women Men P Value for

Interaction

eGFR, per 5 ml/min
per 1.73 m2, at
10 ml/min per 1.73 m2

Crude 0.4 (–2.0 to 2.9) 4.7 (3.2 to 6.2) ,0.001 2.9 (0.3 to 5.5) 5.6 (4.0 to 7.2) 0.09
Adjusted 0.6 (–1.8 to 3.1) 4.8 (3.3 to 6.3) ,0.001 2.3 (–0.4 to 4.9) 5.0 (3.4 to 6.7) 0.08

eGFR, per 5 ml/min
per 1.73 m2, at 20 ml/min
per 1.73 m2

Crude 0.8 (–0.4 to 2.0) 20.2 (–1.1 to 0.8) 0.23 0.7 (–0.6 to 2.0) 20.1 (–1.1 to 0.9) 0.31
Adjusted 1.1 (0.0 to 2.4) 20.1 (–1.0 to 0.9) 0.11 0.8 (–0.5 to 2.1) 20.1 (–1.1 to 0.9) 0.27

Hemoglobin, per g/dl
Crude 0.7 (0.1 to 1.4) 1.5 (1.1 to 1.9) 0.05 0.9 (0.3 to 1.6) 1.9 (1.4 to 2.3) 0.02
Adjusted 0.6 (–0.1 to 1.2) 1.3 (0.9 to 1.7) 0.07 0.7 (0.0 to 1.4) 1.7 (1.2 to 2.1) 0.02

Phosphate, per mg/dl
Crude 0.8 (–0.1 to 1.6) 21.5 (–2.1 to –0.9) ,0.001 0.2 (–0.7 to 1.2) 22.0 (–2.6 to –1.4) ,0.001
Adjusted 0.9 (0 to 1.7) 21.3 (–1.9 to –0.7) ,0.001 0.5 (–0.5 to 1.4) 21.7 (–2.4 to –1.1) ,0.001

Systolic BP, per 10 mm Hg
Crude 20.2 (–0.6 to 0.2) 0.4 (0.1 to 0.7) 0.02 0.0 (–0.4 to 0.5) 0.4 (0.0 to 0.7) 0.21
Adjusted 0.0 (–0.4 to 0.4) 0.5 (0.2 to 0.8) 0.03 0.1 (–0.3 to 0.6) 0.4 (0.1 to 0.8) 0.22

Cholesterol, per 25 mg/dl,
at 100 mg/dl
Crude 1.3 (0.1 to 2.4) 1.2 (0.5 to 1.9) 0.86 1.7 (0.4 to 2.9) 1.4 (0.6 to 2.2) 0.73
Adjusted 1.0 (–0.1 to 2.1) 1.0 (0.3 to 1.7) 0.96 1.5 (0.3 to 2.7) 1.2 (0.4 to 2.0) 0.71

Cholesterol, per 25 mg/dl,
at 200 mg/dl
Crude 0.1 (–0.3 to 0.5) 0.4 (0.1 to 0.8) 0.16 0.6 (0.1 to 1.0) 0.7 (0.4 to 1.1) 0.54
Adjusted 0.0 (–0.4 to 0.4) 0.4 (0.0 to 0.7) 0.14 0.5 (0.0 to 0.9) 0.6 (0.3 to 1.0) 0.54

Diabetes, present
versus absent
Crude 24.2 (–7.5 to –0.9) 27.6 (–10.0 to –5.3) 0.10 21.7 (–5.1 to 1.8) 26.8 (–9.1 to –4.4) 0.02
Adjusted 22.6 (–6.0 to 0.8) 26.9 (–9.5 to –4.3) 0.03 20.1 (–3.7 to 3.6) 26.1 (–8.9 to –3.3) ,0.001

Peripheral vascular
disease, present
versus absent
Crude 24.2 (–8.8 to 0.5) 26.5 (–9.4 to –3.6) 0.40 0.05
Adjusted 23.7 (–8.1 to 0.8) 25.0 (–7.8 to –2.2) 0.61 21.0 (–5.7 to 3.8) 25.7 (–8.7 to –2.6) 0.10

Myocardial infarction,
present versus absent
Crude 29.3 (–14.3 to –4.4) 24.1 (–7.0 to –1.2) 0.07 26.9 (–12.1 to –1.8)23.9 (–6.9 to –0.9) 0.32
Adjusted 24.4 (–9.1 to 0.3) 0.4 (–2.4 to 3.2) 0.08 23.3 (–8.4 to 1.8) 20.5 (–3.5 to 2.6) 0.34

The model for eGFR was adjusted for demographic covariates, medication covariates, BP, hemoglobin, smoking status, calcium,
cholesterol, PO4, potassium, UACR, and comorbidity covariates. The model for hemoglobin was adjusted for age, hyper-
polypharmacy, smoking status, and kidney function covariates. The model for serum PO4 was adjusted for age, educational level,
marital status, children, hyper-polypharmacy, smoking status, and kidney function covariates. The model for systolic BP was
adjusted for demographic covariates, medication covariates, cardiovascular covariates, blood chemistry covariates, and comorbidity
covariates (except hypertension). The model for cholesterol was adjusted for demographic covariates, hyper-polypharmacy, smoking
status, albumin, and diabetes. The model for diabetes was adjusted for demographic covariates, medication covariates, and smoking
status. The model for peripheral vascular disease was adjusted for demographic covariates, BP, smoking status, calcium, cholesterol,
PO4, kidney function covariates, and comorbidity covariates. The model for myocardial infarction was adjusted for demographic
covariates, cardiovascular covariates, calcium, cholesterol, PO4, potassium, kidney function covariates, and comorbidity covariates.
Because of the nonlinear relationship with health-related quality of life, the associations for both eGFR and serum cholesterol are
presented at varying values. PO4, phosphate; UACR, urine albumin-creatinine ratio.
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showing that women are prescribed antidepressants
twice as frequently.
In our population of older participants with advanced

CKD, despite the higher overall HRQOL reported by men,
both their physical and mental HRQOLs declined approxi-
mately twice as fast over time compared with women. As
the minimal clinically important difference on the SF-36
scale is considered to be three to five points (38), the
HRQOL difference in annual decline between men and
women (PCS: 1.4; MCS: 1.1) would theoretically exceed this
threshold after 3 years. It should be kept in mind that our
population of CKD stages 4 and 5 participants offers only a
snapshot of a far lengthier disease trajectory and that rates
of HRQOL decline in men and women are likely to vary in
previous stages of CKD. Although we found no evidence
of a floor effect in our study, a simple explanation for the
faster HRQOL decline in men may be the result of women
already having suffered most of their HRQOL decline dur-
ing previous CKD stages, leading to their relatively low
baseline HRQOL, which in turn, offers less room to decline
further during follow-up in this study.
The literature on HRQOL in CKD is still dominated by

cross-sectional studies. The few longitudinal studies explor-
ing the role of sex on HRQOL trajectories over time in
advanced stage CKD found, in contrast to our own results,
no difference in the rate of HRQOL decline between men
and women (14,39). Mujais et al. (14) studied HRQOL in a
subset of 649 patients with CKD (eGFR,60 ml/min per

1.73 m2) with multiple annual HRQOL measurements,
finding that although HRQOL declined progressively with
more advanced stages of CKD, sex was not associated with
the rate of HRQOL decline. Somewhat in line with our
results, Zimbudzi et al. (40) studied the effect of an inte-
grated care intervention on longitudinal HRQOL in 179
patients with CKD and comorbid diabetes, finding that
between baseline and 12 months, physical HRQOL had
improved among women but declined among men. As this
study was designed to assess the effect of an integrated
care model on HRQOL, the authors attributed this finding
to women being more amenable to the intervention.
Because of the paucity of longitudinal studies, the mech-

anisms underlying the faster decline of HRQOL found in
men are difficult to pinpoint. We previously demonstrated
a faster kidney decline in men compared with women in
the EQUAL population (12), and others have demonstrated
that lower levels of eGFR correlate well with lower
HRQOL (39). In addition, a faster decline in kidney func-
tion is associated with a steeper increase in symptom bur-
den (41), which in turn, negatively affects HRQOL. Conse-
quently, adjustment for longitudinal eGFR expectedly
attenuated the sex difference in annual HRQOL decline,
reflecting the detrimental effects of the faster progression of
CKD in men on their HRQOL. This was paralleled by our
interaction analysis showing that below an eGFR of
approximately 15 ml/min per 1.73 m2, further declines in
eGFR were considerably more strongly associated with
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Figure 2. | The nonlinear relationship between eGFR and both (A) Physical Component Summary and (B) Mental Component Summary
by sex. The distribution of eGFR by sex is provided in the density plot. CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration.
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HRQOL in men than in women, especially regarding phys-
ical HRQOL. We hypothesize that the faster eGFR decline
in men and subsequent deterioration in health (or vice
versa) leave men with less time to adapt and cope with the
imposed physical and mental limitations, which may
further exacerbate the negative consequences of declining
eGFR on HRQOL. Looking at the specific HRQOL
domains, men experienced the most rapid declines in both
their emotional and physical role functioning, suggesting
that the consequences of their faster kidney decline are
most felt by men when it comes to the quality and quantity
of their regular daily activities.
In our interaction analyses, we also identified several

other sex-specific determinants of mean HRQOL that may
help explain the sex disparity in the rate of HRQOL
decline. Higher serum phosphate showed a strong negative
association with HRQOL in men but not in women. In line
with this finding, others have demonstrated sex heteroge-
neity in the associations of elevated serum phosphate on
the risk of atherosclerosis, coronary artery disease, and
mortality in the CKD population, with high phosphate
affecting adverse outcomes more in men than in women
(42,43).
We also demonstrate a significant interaction in the asso-

ciation of hemoglobin levels with HRQOL by sex, with
higher levels of hemoglobin being more beneficial to
HRQOL in men than women. It is known that low hemo-
globin levels in CKD are associated with negative outcomes
and that increases in hemoglobin are correlated with longi-
tudinal improvements in HRQOL (14,44). In the general as
well as the CKD population, women tend to have lower
hemoglobin levels compared with men (45,46) and appear
to tolerate these lower levels without any long-term conse-
quences (47). Moreover, declines in eGFR lead to larger
decreases in hemoglobin levels in men compared with
women (48,49), which in turn, may affect HRQOL in men
more than in women.
The main strength of our study is that participants in our

international cohort were prospectively included when
their eGFR dropped below the predefined level of 20 ml/
min per 1.73 m2, thus minimizing the risk of survivor bias.
Unlike most other cohort studies, we were able to measure
HRQOL prospectively using the SF-36 questionnaire.
Nonetheless, our study is also subject to several limitations.
We were unable to capture the complex interplay between
demographic, psychosocial, and biologic factors not col-
lected by our study that are also likely responsible for sex
differences related to HRQOL. We also were unable to cap-
ture life events and changes in socioeconomic environment.
Nonetheless, we explore the sex-specific effect of many
important clinical and nonclinical factors. We were able to
include the majority of participants in the EQUAL cohort;
however, 30% of the questionnaires were missing during
follow-up, although this may be expected given the health
status and age of the population (50). Furthermore, as
residual and unmeasured confounding may play a role, we
are unable to infer causality to our findings.
In summary, in our population of patients of older age

with advanced CKD, we demonstrate that although
women consistently report lower physical and mental
HRQOLs compared with men, the rate of HRQOL decline
over time was approximately twice as fast in men. The

faster decline in men was explained in part by their lower
eGFR, which had a stronger association with HRQOL as
compared with women. By assessing HRQOL through a
sex perspective, we identified that high levels of phosphate,
low levels of hemoglobin, and preexisting diabetes were
associated with lower HRQOL in men but to a lesser extent
in women, warranting further investigation into whether
men could benefit from interventions targeting the intensi-
fied treatment of anemia and a reduction in serum phos-
phate levels. Implications for this research also nurture
speculations on the sex imbalance with respect to the pro-
portion of individuals requiring KRT. Further research on
this topic could focus on the development of CKD stage–
and sex-specific multidisciplinary and psychosocial inter-
vention strategies, as well as HRQOL thresholds that could
be used to classify older patients in need of additional
support. Overall, our results provide a better understand-
ing of HRQOL over the course of advanced stage CKD,
highlighting potential mechanisms underlying sex-specific
differences, which in turn, will potentially help improve
patient-centered care.
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