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¢ Background and Objectives: Although cardiovasculardis-
ease (CVD) is an important cause of morbidity and mortality
in patients with end-stage renal disease, non-CVD causes
account for more than 50% of total deaths. We previously
showed that, compared with men, women starting dialysis—
both hemodialysis and peritoneal dialysis (PD)—have higher
non-CVD mortality rates. Here, we evaluate sex-specific
outcomes in a large cohort of incident PD patients.

¢ Methods: Incidentde novo PD patients from the Andalu-
sian SICATA Registry for 1999 - 2010, with follow-up until
31 December 2010 or up to 5 years, were investigated for
fatal outcomes. Causes of death were extracted from medical
records. The analysis used traditional and competing-risk
Cox models for all-cause and cause-specific mortality in
men and women, correcting in the competing-risk models
for the events of kidney transplantation and transfer to
hemodialysis.

¢ Results: A total of 1458 patients (57% men; mean
overall age: 55.3 + 17.0 years) initiated PD in Andalusia
during the study period. During follow-up, 350 deaths,
355 renal transplantation procedures, and 331 transfers
to hemodialysis were recorded. Vascular disease and dia-
betic nephropathy were the most frequent causes of kidney
failure in men; other causes were more common in women.
In the traditional Cox model, both sexes showed a similar
all-cause mortality risk [crude hazard ratio (HR): 0.90;
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95% confidence interval (CI): 0.72 to 1.12]. However, with
respect to specific causes of death, women showed a bor-
derline lower risk of both CVD (crude HR: 0.71; 95% CI: 0.50
to 0.99) and non-CVD mortality from other than infection
(crude HR: 0.81; 95% CI: 0.57 to 1.15). In contrast, the
risk of death from infection was almost doubled in women
compared with men (crude HR: 1.92; 95% CI: 1.15 to 3.20),
a finding that held true after multivariate adjustment for
age, primary renal disease, period of inclusion, and initial
PD modality (adjusted HR: 1.76; 95% CI: 1.03 to 3.01). This
result was confirmed even taking into consideration the
competing events of kidney transplantation and transfer
to hemodialysis.

¢ Conclusions: Compared with men starting PD, women
starting PD are at higher risk of mortality from infection.
More stringent screening measures and corrective efforts
in women might be indicated.
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hronic dialysis patients have a markedly increased

mortality rate, with approximately 20% of both
hemodialysis (HD) and peritoneal dialysis (PD) patients
dying annually (1). The increase is a result of a gener-
ally exacerbated mortality risk from both cardiovascular
disease (CVD) and non-CVD causes of death (2). Together,
CVD andinfections account for up to 70% of all deathsin
dialysis patients (3).
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Atthe general population level, women havea longer life
expectancy and lowerincidence of CVD than men do (4,5),
but end-stage renal disease cancels this survivaladvantage
in women (6). Consequently, and unlike the case with
other diseases and across the general population, menand
women die at equal rates when starting dialysis (7,8).

In a study based on the European Renal Association-
European Dialysis and Transplant Association (ERA-EDTA)
registry, we recently demonstrated that, despite equalall-
cause mortality ratesin men and women initiating dialysis,
specific causes of death differed (9), making itimportant
to identify and potentially target sex-specific risks (10).
Specifically, compared with men, incident dialysis women
had an increased non-CVD mortality risk (9). Among the
non-CVD problems associated with dialysis therapy, infec-
tions (mainly in the forms of peritonitis and septicemia)
are important influencers of survival, technique failure,
and transplantation ratesin PD patients (3,11,12). Against
this background, we set outin the present study to study
sex-specific outcomes in a large cohort of incident PD
patients, with an emphasis on fatalinfections.

METHODS
STUDY POPULATION

The study cohort consisted of incident PD patients
from SICATA (the information system of the Andalusian
Transplant Autonomic Coordination Registry) who started
PD between 1 January 1999 and 31 December 2010. The
registry includes all 12 PD units in Andalusia: Almeria
(Torrecardenas Hospital), Cadiz (Puerto Real, Puerta del
Mar, and Jerez de la Frontera hospitals), Cérdoba (Reina
Sofia Hospital), Granada (Virgen de las Nieves and San
Cecilio hospitals), Huelva (Juan Ramén Jiménez Hospital),
Jaén (Médico-Quirdrgico Hospital), Malaga (Carlos Haya
Hospital), and Sevilla (Virgen del Rocio and Virgen de
Macarena hospitals). The cohort protocol was approved
by the ethics committees of the participating hospitals,
and patients gave written consentto send their datato the
SICATA registryin an anonymous form. Details concerning
theregistry, its data collection, and its representativeness
have previously been published (13). For the present study,
we included all patients who started PD therapy de novo
(not coming from a preceding failed kidney transplant or
from HD) in Andalusia, with the additional exclusion of
pediatric patients (13 years old or younger).

DATA COLLECTION

The SICATA registry records basic demographic and
clinical data such as age, sex, body mass index, primary
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kidney disease, glomerular filtration rate, and initial
PD modality (continuous ambulatory PD or automated
PD). The present analysis was performed using variables
that constitute part of the mandatory data reported
to the registry. Certain additional variables (such as
urea kinetic analysis) are optional data in the registry
and were excluded from our analysis because of miss-
ing values. We also excluded the Charlson comorbidity
index, which was implemented as mandatory data sev-
eral years after initiation of the registry. Glomerular
filtration rate was calculated as the mean of urinary
creatinine and urea clearances, adjusted for body
surface area.

FOLLOW-UP DATA

The SICATA registry records dates and causes of
technique failure (transfer to HD), peritonitis episodes,
death, and kidney transplantation. Causes of death are
registered using ERA-EDTA codes. Cardiovascular mor-
tality was defined as death attributable to myocardial
ischemia, infarction, heartfailure, cardiacarrest because
of other or unknown causes, or cerebrovascular accident
(ERA-EDTA codes 11, 14 - 16, 18, and 22). Infectious
mortality was defined as death because of peritonitis,
lung infection, sepsis or septicemia, tuberculosis, viral
infection, or liverinfection from hepatitis B or other viral
hepatitis (ERA-EDTA codes 39, 100 - 102, 31 - 33, 35, 36,
37,38, 41, 42). Other non-CVD and noninfectious deaths
included suicide or refusal of treatment, withdrawal,
cachexia, malignancies, and miscellaneous (ERA-EDTA
codes 12, 13, 17, 21, 23 - 29, 43 - 46, 51 - 54, 62 - 64,
66-73,81,82,and 99 - 102). Unknown (ERA-EDTA code
0) or missing causes of death were defined as “unknown
ormissing” and were notincluded in the analysis. Only 6
deaths (1.7% of all deaths) fellinto that category. Causes
of death were extracted from medical records and were
not necessarily confirmed by autopsy.

For the present analysis, patients were followed for a
maximum of 5 years from the start of dialysis (day 1) until
death or censoring. Censored eventsincluded transplan-
tation, transfer to HD, end of follow-up, or end of study
(31 December 2010).

STATISTICAL ANALYSIS

Statistical analyses were performed using the Stata
statistical software application (version 12: StataCorp
LP, College Station, TX, USA). Tests were two-tailed, and
p <0.05was considered significant. Values are expressed
as mean + standard deviation, median and interquartile
range, or a percentage of the total, as appropriate.
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Comparisons between men and women were tested using
the Student t-test or chi-square test.

For the study of incident mortality rates, person-
time at risk was calculated for each individual patient
as the time between the start of dialysis and censoring
or death. Total person-time at risk was calculated as
the sum of the individual person-times, allowing for
the calculation of all-cause and specific (CVD, infec-
tious, and other non-CVD) mortality rates (per 100
person-years). Incidence rate ratios were calculated
to assess differences between men and women by the
chi-square test.

Traditional Cox regression models were used to
study the associations between sex and cause-specific
mortality, reporting hazard ratios (HRs). Patients were
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of transplantation plus transfer to HD (14). In the first
sensitivity analysis, patients were censored if trans-
ferred to HD or at the end of follow-up. In the second
sensitivity analysis, patients were censored if at the
end of follow-up. Data are presented as crude and
adjusted sub-HRs, with 95% confidence intervals (CIs).
Multivariate adjustments were made for age (per year
of increase), period of inclusion (using the period
2005 - 2010 as the reference category), modality of
PD (using continuous ambulatory PD as the reference
category), and primary renal disease (using glomerulo-
nephritis as the reference category). The primary renal
disease adjustment was taken as an indirect proxy for
comorbidities (15).

censored if transplanted or transferred to HD or at RESULTS
the end of follow-up. Because kidney transplantation,
transfer to HD, and death before transplantation are GENERAL DESCRIPTION

mutually exclusive events (that is, the occurrence of
any one prevents the occurrence of the others), tradi-
tional Cox regressions may be biased. We therefore used
a competing-risks approach to perform two sensitivity
analyses, calculating the cumulative incidence of death
before kidney transplantation or before the composite

As many as 18 patients (1.2%) recovered renal func-
tion after PD initiation and were censored from the
subsequent analyses. Table 1 shows a basic description
of the remaining 1458 incident patients who started PD
therapy between 1999 and 2010 in Andalusia, stratified

TABLE 1
Baseline Characteristics of All Incident de Novo Peritoneal Dialysis (PD) Patients from the Andalusian Registry,
Stratified by Sex
Patient group p

Variable Overall Men Women Value
Patients (n) 1458 833 625
Mean age (years) 55.3+17.0 54.9+16.7 55.8+17.4 NS
Primary renal disease [n (%)]

Glomerulonephritis 296 (20.3) 183 (22.0) 113 (18.1) NS

Vascular 203 (13.9) 141 (16.9) 62 (9.9) <0.0001

Diabetic nephropathy 283 (19.4) 177 (21.2) 106 (17.0) 0.04

Other 676 (46.4) 332(39.9) 344 (55.0) <0.0001
Body mass index (kg/m?)P

Mean 27.9+6.5 27.6x4.5 28.2+6.1 NS

Range 14-56 14-45 15-56
Mean GFR (mL/min/1.73 m?)c 4.19+3.90 4.7+4.2 3.543.5 <0.0001
PD modality [ (%) CAPD/APD]¢ 726/600 399/362 327/238 0.04

(54.8/45.2) (52.4/47.6) (57.9/42.1)

Patients included after year 2005 [ (%®)] 1066 (73) 612 (42) 454 (31) 0.82

NS = nonsignificant; GFR = glomerular filtration rate (calculated as the mean of creatinine or urea clearance, adjusted by body
surface area); CAPD = continuous ambulatory PD; APD = automated PD.

2 Chronic tubulointerstitial nephritis, polycystic kidney disease, systemic disease, others, and unknown.

b Based on 510 men and 385 women.

¢ Based on 557 men and 405 women.

d Based on 1326 patients.

® Based on all 1458 patients.
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by sex. Mean age of the patients at the start of dialysis HAZARD RATIOS AND RELATIVE RISKS
was 55.3 + 17.0 years (range: 14 - 90 years), with a male

sex prevalence of 57.1%. The most common primary renal Table 3 reports mortality risks by sex (with men as
diseases were chronic glomerulonephritis (20.3%) and the reference category). The all-cause mortality risk was
diabetic nephropathy (19.4%). In the rest of patients, similar for both sexes (crude HR: 0.90; 95% CI: 0.72 to
renal failure had other or unknown causes (46.4%). 1.12). However, with respect to specific causes of death,
Men more often had vascular disease or diabetic neph- women showed, before transplantation, a borderline
ropathy as their primary renal disease. Women more significantly lower risk of CVD (HR: 0.71; 95% CI: 0.50
often had other causes of renal disease. At start of PD to 0.99) and a similar risk of non-CVD mortality from
therapy, the glomerular filtration rate tended to be other than infection (HR: 0.81; 95% CI: 0.57 to 1.15).
higher in men than in women. In women, the inten- Conversely, the risk of death from infection was almost
tion-to-treat PD modality was more often continuous doubled in women (HR: 1.92; 95% CI: 1.15 to 3.20)
ambulatory PD. compared with men. In multivariate analysis, adjustment

for potential confounders abrogated the association
FOLLOW-UP DATA between female sexand CVD mortality, buttheincreased

risk of death from infection remained (adjusted HR: 1.76;
Table 2 shows the outcomes recorded for the study 95% (I: 1.03 to 3.01).
patients. Mean follow-up time was 21.5 + 17.5 months. Table 3 also shows the output of sensitivity analyses
The causes of death were CVD in 145 patients (9.9% of all using competing-risk models to take into account the
patients, 41.4% of all deaths), infection in 65 patients competing event of renal transplantation or the com-
(4.5% of all patients, 18.6% of all deaths), and other posite competing event of transplantation or transfer to
non-CVD causes in 134 patients (9.2% of all patients, HD. In both cases, the results were similar.
38.3% of all deaths). Table 4 shows specific causes of infectious death. The
Table 2 also depicts deaths and incident mortality incidence rates for peritonitis and sepsis were signifi-
rates stratified by sex. The number of deaths and the all- cantly higherin women than in men.
causeincident mortality rates were similar for the sexes.
However, compared with men, women had a significantly DISCUSSION
higher number of deaths and a higherincident mortality
rate for deaths frominfection, but fewer CVD deaths and Our study shows that, although overall mortality is
a lower incident CVD mortality rate and lower rates of similar between the sexes, causes of death differ for men
transfer to HD or renal transplantation. and women starting PD. Specifically, women are at higher

TABLE 2
Total and Sex-Specific Outcomes and Incidence Rates Recorded During Follow-Up

Patient group
Overall (n=1458) Men (n=833) Women (n=625) Incidence rate ratio
Incidence Incidence Incidence for men:women
Outcome (n) (%) rateP (n) (%) rateP (n) (%) rateP (95% CI)

Death
Overall 350 24.0 13.36 197 23.6 13.75 153 24.5 12.72 1.06 (0.85 to 1.32)
CVvD 145 41.4  5.53 91 46.2 6.35 54 35.3 4.55 1.39 (0.98 to 1.99)¢
Infection 65 18.6 2.48 24 12.2  1.67 41 26.8 3.45 0.43(0.23t00.73)¢
Other non-CVD 134 38.3 5.11 78 39.6 5.44 56 36.6 4.72 1.15 (0.80 to 1.65)
Unknown or missing 6 0.4 — 4 0.48 — 2 0.32 — —

Renal transplantation 355 24.3 13.55 210 25.2 14.66 145 23.2 12.21 1.20 (0.96 to 1.49)¢

Transfer to hemodialysis 331 22.7 12.63 201 241 14.03 129 20.6 10.87 1.28 (1.02 to 1.62)¢

CI=confidence interval; CVD = cardiovascular disease.

2 Based either on all patients in the group (overall outcomes) or all deaths in the group (subcategory outcomes).
b Per 100 patient-years.

¢ p <0.05 by chi-square test.
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TABLE 4
Specific Infectious Causes of Death in Men (n=24) and
Women (n=41) Starting Peritoneal Dialysis

Incidencerate  Incidence
(per 1000 rate ratio 95%
Cause patient-years) for Confidence
of death Men Women men:women interval

Lunginfection 0.05 0.1 0.41 0.01to 7.95
Sepsis 0.8 1.7 0.49 0.24t0 0.97°
Viralinfection 0.05  0.03 — —
Peritonitis 0.4 0.9 0.41 0.14 to 1.09?

2 p <0.05 by chi-square test.

risk of mortality from infection, expanding our previous
observations in the ERA-EDTA registry (9). Overall, our
results show that, in both dialysis modalities, women
are at increased risk of fatal infection. Those findings
might suggest that stringent screening measures and
corrective efforts should be applied in women and that
thereis a need to better understand the reasons behind
this increased susceptibility.

InaEuropean population, de Jageretal. (2) reported
that the proportions of CVD and non-CVD mortality in
patients starting dialysis were 44% and 56% respectively.
Those proportions agree with those observed in our
cohort. Infections are the second most frequent cause
of morbidity and mortality in dialysis patients (1,16-19)
and, in our study, accounted for 18.6% of total deaths.
Factors potentially contributing to susceptibility to
infection include altered host defense system because
of uremia, advanced age, comorbid conditions such
as diabetes mellitus, the dialysis procedure itself, the
transcutaneous access necessary for both HD and PD,
and poor nutrition (1,3,16-19). Our analysis identifies
female sexas a novelfactor predisposing to this problem,
with women being almost twice as likely as men to die
from infection.

Complementing our findings, the report of Kotsanas
etal. (20) showed that the risk of peritonitisisincreased
by a factor of 2 in women compared with men, and Pérez
Fontan et al. (11) reported a higherincidence of severe
peritonitis, but not all-cause peritonitis, in women. It
has been proposed that infections ascending from geni-
tourinary tract, which in women are caused mostly by
gram-negative bacilli, might explain this higher-severity
peritonitis (20).

An alternative explanation for our findings might be
sex-specific differences in the immune system response
toinfections. In general, female sex hormones strength-
en the immune response, and estrogen is considered a
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proinflammatory mediator—forinstance, increasing the
production of tumor necrosis factor, interacting with the
interferonypromoter, enhancing antigen-specific CD4+
T-cellresponse, andinducing the T helper 1inflammatory
response (21,22). Those observations might explain why
womenin general have higherincidences of autoimmune
diseases and also conditions that lead to chronic kidney
disease (23). However, a general state of hypogonad-
ism prevails among uremic patients, and most women
undergoing dialysis arein the postmenopausalage range
(10). Among others, prolactin retention furtherinhibits
sex hormone production (24), with estrogen and estra-
diol levels both being much lower in women on dialysis
thanin the general population (25,26). Taken together,
the foregoing factors would promote a lower immune
response in women undergoing dialysis that might
explain the observed increased risk of fatal infections.
In support ofthat hypothesis, theincidence rates of fatal
peritonitis and sepsis were significantly higherin women
compared with men. However, we must acknowledge
that our sample size was relatively small to specifically
address thatissue. In contrast, a slightly lowerincidence
rate of transfer to HD was observed for women compared
with menin our study, which may seem counterintuitive,
because peritonitis is an important cause of transfer to
HD. Nevertheless, a sensitivity analysis correcting for
the competing risk of technique failure did not modify
our results.

Some limitations should be taken into consideration
wheninterpreting these results. First, the observational
nature of ouranalysis does notallow for conclusions about
causality. Second, there are several problemsinherent to
large registries and data reporting. Forinstance, mortal-
ity data were collected from medical history and death
records, which may convey bias that probably lowers the
actual associations or even introduce spurious findings.
However, the fact that our results accord with previous
observationsin the ERA-EDTA registry (9) may be sugges-
tive of a true finding. We also do not have detailed data
concerning peritonitis rates and severity, which would
have beeninteresting toanalyzein relation to sex. Third,
the limited set of variables does not allow us to control for
all potential confounders. The strengths of our analysis
aretherelatively large sample size of incident de novo PD
patients and the use of competing-risk models to control
for high rates of kidney transplantation and transfer to
HD. Overall, we are limited by the observational nature
of the study and residual confounding, and thus our
data should be regarded as hypothesis-generating,
warranting replication. If confirmed, further investiga-
tion concerning the underlying mechanisms behind our
observation would be warranted.
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CONCLUSIONS

Altogether, our study emphasizes that the outcomes of
chronic kidney disease are differentin men and women,
and consequently that targeted sex-specific care s likely
necessary. Stringent screening measures and corrective
efforts with respect to infection may be indicated in
women on dialysis.
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