
O R I G I N A L A R T I C L E

Influence of gender and age on haemodialysis

practices: a European multicentre analysis
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ABSTRACT

Background. Women of all ages and elderly patients of both genders comprise an increasing proportion of the haemodialysis
population. Worldwide, significant differences in practice patterns and treatment results exist between genders and among younger
versus older patients. Although efforts to mitigate sex-based differences have been attempted, significant disparities still exist.

Methods. This retrospective cohort study included all 1247 prevalent haemodialysis patients in DaVita units in Portugal
(five dialysis centres, n¼730) and Poland (seven centres, n¼517). Demographic data, dialysis practice patterns, vascular
access prevalence and the achievement of a variety of Kidney Disease: Improving Global Outcomes (KDIGO) treatment
targets were evaluated in relation to gender and age groups.

Results. Body weight and the prescribed dialysis blood flow rate were lower in women (P<0.001), whereas treated blood
volume per kilogram per session was higher (P<0.01), resulting in higher single-pool Kt/V in women than in men (P<0.001).
Haemoglobin was significantly higher in men (P¼0.01), but the proportion of patients within target range (10–12 g/dL) was
similar. Men more often had an arteriovenous fistula than women (80% versus 73%; P<0.01) with a similar percentage of
central venous catheters. There were no gender-specific differences in terms of dialysis adequacy, anaemia parameters or
mineral and bone disorder parameters, or in the attainment of KDIGO targets between women and men >80 years of age.

Conclusions. This large, multicentre real-world analysis indicates that haemodialysis practices and treatment targets are
similar for women and men, including the most elderly, in DaVita haemodialysis clinics in Europe.
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INTRODUCTION

Women comprise an increasing proportion of the haemodialy-
sis population worldwide. Previous studies have identified dif-
ferences in the treatment of kidney disease between the sexes.
Women start dialysis at lower estimated renal function than
men [1] and slightly older average age than men, with similar
use of available dialysis modalities [2]. The proportion of
women using an arteriovenous (AV) fistula is lower than that
for men, and their fistula patency is worse, even when routine
vascular mapping is used [3]. Women undergoing maintenance
haemodialysis have substantially higher risks of hospitalization
and 30-day readmission than men [4]. Furthermore, the survival
advantage that women have over men in the general popula-
tion is markedly diminished in haemodialysis patients [5, 6].
In fact, young women on dialysis (<45 years old) have a higher
risk of mortality compared with men, mainly due to non-
cardiovascular events [5].

Although most clinical dialysis guidelines apply the same
target values to both men and women, studies suggest intrigu-
ing sex differences with respect to both renal anaemia and
chronic kidney disease–mineral and bone disorder (CKD–MBD)
[7, 8]. The coinciding of World Kidney Day and International
Women’s Day 2018 offered an opportunity to focus on haemo-
dialysis therapy in women to explore potential differences in
practices compared with men.

Worldwide, the incidence of end-stage renal disease (ESRD)
in the elderly has risen in the past decades resulting in a rapidly
growing number of older patients starting haemodialysis [9, 10].
The ageing phenomenon in the dialysis population is amplified
by a more liberal acceptance of older patients on dialysis, better
survival of dialysis patients and reduced access to transplanta-
tion for elderly patients. The elderly have a higher prevalence of
comorbidities that increase the burden of dialysis, and a sub-
stantially higher mortality rate compared with younger coun-
terparts [11, 12].

Treatment of ESRD in the elderly is complex and it is not
clear whether the haemodialysis prescription for the elderly
should be different from that of younger patients. There are no
specific guidelines to inform the clinician about practice of hae-
modialysis in the elderly. The predominant type of vascular ac-
cess used in elderly patients varies in different regions [11].
Permanent catheters are more frequently used among elderly
patients in Europe, with a similar trend seen in North America
[11]. Recent data have shown that elderly patients initiating
haemodialysis with a central venous catheter (CVC) who under-
went AV fistula placement within 6 months had fewer hospital-
izations due to infections and better survival than those
receiving an AV graft [13].

There are few large, international studies focusing on sex-
specific differences in patient characteristics, dialysis practices
and treatment in elderly individuals on haemodialysis. The aim
of this large European multicentre descriptive analysis was to
study the achievement of Kidney Disease: Improving Global
Outcomes (KDIGO) targets in terms of haemodialysis practices,
dialysis adequacy, treatment of renal anaemia and CKD–MBD, as
well as the use of vascular access in relation to gender and age.

MATERIALS AND METHODS
Patients and data collection

We included 1247 patients on maintenance haemodialysis
from DaVita Portugal (five dialysis centres, n¼ 730) and DaVita

Poland (seven dialysis centres, n¼ 517). The cohort of patients is
representative since all prevalent patients treated at all facilities
were included in the analysis, thus representing a ‘real-world’
clinical experience. Patient and treatment characteristics and
biochemical data were collected during the course of routine
clinical practice, and all data were analysed with respect to four
age categories (<60, 60–70, 71–79 and >79 years of age) and to
male or female gender. We also analysed treatment prescrip-
tion, use of vascular access and the achievement of KDIGO
treatment targets in women and men aged >80 years.

Demographic and laboratory data and information on practi-
ces were collected in all patients in the same month of 2018.
Blood samples were collected monthly or quarterly in accor-
dance with international clinical guidelines (European Renal
Best Practice guidelines and KDIGO guidelines). All laboratory
analyses were performed at local laboratories in accordance
with validated and recommended routine procedures. Intact
parathyroid hormone (iPTH) was measured and Kt/V was
assessed as single-pool Kt/V (spKt/V) values. The correction fac-
tor for darbepoetin to epoetin doses was 250.

The study was approved by the regional ethics committee at
the Karolinska Institutet, Stockholm, Sweden. All clinical and
laboratory patient data were abstracted in de-identified form
from the respective country. All statistical analyses were per-
formed at the Department of Clinical Sciences at the Karolinska
Institutet, Stockholm, Sweden.

Statistical analyses

Statistical analyses were performed using International
Business Machines Corporation (IBM) Statistical Package for the
Social Sciences (SPSS) Statistics version 25. All values are
presented as mean and standard deviation or counts and pro-
portions. Comparisons were made using Student’s t-test and
Chi-squared analysis as appropriate. A P < 0.05 was considered
statistically significant.

RESULTS
Results in relation to gender

Demographic data, haemodialysis prescription and laboratory
parameters related to the use of vascular access, haemodialysis
adequacy, renal anaemia and CKD–MBD in all female and male
patients are shown in Table 1. The most common cause of ESRD
in both Portugal (42%) and Poland (35%) was classified as ‘un-
known’ or ‘other’. Diabetes mellitus, nephrosclerosis and glo-
merulonephritis were the causes of ESRD in 30, 10 and 11% of
haemodialysis patients in Portugal and 25, 13 and 20%, respec-
tively, for patients in Poland (P< 0.001).

Dialysis adequacy. Age, dialysis vintage, treatment time, body
mass index (BMI), Charlson comorbidity index, the proportion
of patients with diabetes mellitus and blood pressure control
were similar in women and men. Body weight (BW) was signifi-
cantly lower in women (P< 0.001) and the prescribed dialysis
blood flow rate (Qb) lower (P< 0.001), but the treated blood vol-
ume per kilogram per session was significantly higher (P< 0.01),
resulting in significantly higher spKt/V (P< 0.001) and urea re-
duction ratio (URR; P< 0.001) in women than in men (Table 1).
The proportion of patients with spKt/V>1.2 was higher in
women (P< 0.001; Table 2) but more men than women had
treatment time >12 h/week (P< 0.05). Mean interdialytic BW
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gain (IDBWG) and mean arterial blood pressure were similar,
with satisfactory control in both women and men (Table 1).

Renal anaemia. Haemoglobin (Hb) was significantly higher in
men than in women (P¼ 0.01; Table 1). Men had higher ferritin
(P< 0.01), but similar transferrin saturation (TSAT) and erythro-
poiesis-stimulating agent (ESA) doses compared to (or than)
women. However, the proportion of patients with Hb 10–12 g/dL
was similar in women and men, while more men had Hb >12 g/
dL (P< 0.01). There were no gender differences in the proportion

of patients with ferritin �200 or �800 mg/L and TSAT �20 or
�50% (Table 2).

CKD–MBD. There were no significant differences in calcium,
phosphorus or iPTH between women and men (Table 1) and no
gender differences in the achievement of corresponding KDIGO
targets (Table 2). Mean serum albumin was similar (>40 g/L), in-
dicating adequate nutritional status, but the proportion of
patients with a serum albumin �35 g/L was higher in men
(P< 0.05; Table 2).

Vascular access. The majority of women (73%) and men (80%)
had an AV fistula for haemodialysis—significantly higher in
men (P< 0.01; Table 2). Eighteen and fifteen per cent of all
women and men, respectively, had a CVC (not significant, NS).
Mean prescribed Qb was slightly, but significantly, higher in
men compared with women (379 versus 370 mL/min, P¼ 0.001),
but the proportion of women and men with prescribed Qb
�300 mL/min was similar (Table 2).

Results in relation to gender and age

Dialysis adequacy. Dialysis vintage, treatment time, BMI,
IDBWG and blood pressure control were similar in women and
men in all age groups (Table 3). Charlson comorbidity index was
significantly higher in women in the youngest age group
(P< 0.05). BW was significantly lower in women in three of four
age groups (Table 3), and the prescribed Qb was lower in women
in the youngest age group (P¼ 0.01). spKt/V was significantly
higher in women in three of four age groups, but the proportion
of patients with spKt/V>1.2 was high and similar in women and
men (Table 3).

Renal anaemia. Hb was similar in women and men in all age
groups, with mean values in all instances within KDIGO guide-
lines. The proportion of patients with Hb between 10–12 g/dL
and �12 g/dL was similar in women and men in all age groups.

Table 1. Prescription of haemodialysis, patient characteristics and laboratory results in relation to gender in all 1247 patients

Patient characteristics Women, Men,
P-valuemean (SD) mean (SD)

Age (years) 68.3 (14.1) 67.7 (14.5) NS
Dialysis vintage (months) 61.4 (55.8) 60.2 (60.5) NS
BW (kg) 67.7 (15.3) 72.2 (15.0) <0.001
BMI (kg/m2) 26.0 (5.4) 25.7 (5.0) NS
Treatment time (min) 730 (59) 728 (55) NS
Prescribed Qb (mL/min) 370 (46) 379 (50) 0.001
Treated blood volume (L/kg) 1.4 (0.4) 1.3 (0.3) 0.001
Kt/V 1.9 (0.4) 1.8 (0.3) <0.001
URR (%) 79 (8) 77 (8) <0.001
Hb (g/dL) 10.9 (1.1) 11.0 (1.4) 0.01
TSAT (%) 31.2 (14.1) 31.4 (14.8) NS
Ferritin (mg/L) 649 (546) 573 (445) <0.01
Prescribed total weekly ESA dose (corrected) (U) 4508 (5092) 4156 (5164) NS
Albumin (g/L) 40.9 (26.8) 40.6 (21.0) NS
Calcium (mg/dL) 8.9 (0.8) 8.8 (0.7) NS
Phosphorus (mg/dL) 4.4 (1.3) 4.3 (1.4) NS
iPTH (pg/mL) 576 (572) 553 (499) NS
Mean arterial pressure predialysis (mmHg) 90 (21) 90 (14) NS
IDBWG, percentage of BW 2.2 (1.3) 2.4 (1.9) NS
Charlson comorbidity index 6.9 (3.0) 7.0 (3.0) NS
Diabetes mellitus (%) 25.5 29.4 NS

Table 2. Achievement of KDIGO treatment targets by gender

Treatment targets Women (%) Men (%) P-value*

spKt/V >1.2 98.5 95.6 <0.01
URR �70% 91.2 90.5 NS
Treatment time �12 h/week 92.2 95.0 <0.05
Prescribed Qb �300 mL/min 93.0 94.8 NS
Treated blood volume �1 L/kg BW 90.5 89.6 NS
Hb 10–12 g/dL 70.2 65.2 NS
Hb >12 g/dL 11.9 17.7 <0.01
Ferritin �200 mg/L 86.1 83.2 NS
Ferritin �800 mg/L 26.2 22.4 NS
TSAT �20% 81.2 81.7 NS
TSAT �50% 10.2 8.9 NS
Treatment with ESA 81.1 73.0 0.001
Phosphorus �5.5 mg/dL 80.3 83.2 NS
Calcium �10.2 mg/dL 97.5 98.6 NS
PTH 150–600 pg/mL 51.9 55.4 NS
CVC (%) 18.1 15.3 NS
AV fistula (%) 73.0 79.7 <0.01
S-Albumin �35 g/l 87.4 91.5 <0.05
Charlson comorbidity index NS
<7 44.4 44.6
7–12 52.0 51.8
>12 3.6 3.6

*Chi square analysis.
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CKD–MBD. Calcium, phosphorus and iPTH were similar in
women and men in all age groups, but the proportion of
patients within KDIGO target for phosphorus (<5.5 mg/dL) and
iPTH (150–600 pg/mL) was significantly lower in women 70–
79 years and 60–69 years old, respectively (Table 3).

Vascular access in relation to gender and age. The use of CVCs
was low in younger patients: 10 and 9% in women and men, re-
spectively (NS), but higher among women and men >79 years
old: 28 and 24%, respectively (NS; Table 3). In contrast, the per-
centage of patients with an AV fistula was significantly lower in
women between 60–69 years and >79 years (P< 0.01 and
P< 0.05, respectively).

Results in relation to gender in elderly patients
(>80 years old)

We also examined attainment of treatment goals in relation to
gender in patients aged >80 years since there is a lack of

information in the literature on this. Table 4 shows compari-
sons between female and male patients aged <80 and
>80 years. There were no gender-specific differences in terms of
dialysis adequacy between women and men in either age group,
with the exception that a higher percentage of women
�80 years had a treatment time >12 h/week (Table 4).
Parameters related to the management and control of renal
anaemia were similar in women and men �80 years old; find-
ings were similar for indices of CKD–MBD and vascular access
use. There were no significant differences in achievement of
KDIGO treatment targets between women and men aged
>80 years (Figure 1).

DISCUSSION

In this large multicentre descriptive and representative analy-
sis, including all prevalent patients in all DaVita clinics in
Poland and Portugal, we show that women are prescribed simi-
lar haemodialysis treatment to men, and that those women

Table 4. Achievement of KDIGO targets in women and men younger and older than 80 years

Treatment targets
<80 years >80 years

Women (%) Men (%) P-value Women (%) Men (%) P-value

spKt/V >1.2 96 94 NS 98 98 NS
URR �70% 85 82 NS 85 93 NS
Treatment time �12 h/week 95 95 NS 96 82 <0.05
Prescribed Qb �300 mL/min 91 88 NS 90 88 NS
Treated blood volume �1 L/kg BW 81 78 NS 90 92 NS
Hb 10–12 g/dL 69 63 NS 78 86 NS
Hb > 12g/dL 13 19 <0.05 9 13 NS
Ferritin �200 mg/L 84 85 NS 92 93 NS
Ferritin �800 mg/L 25 22 NS 30 26 NS
TSAT �20% 87 89 NS 92 93 NS
TSAT �50% 10 9 NS 11 9 NS
Treatment with ESA 80 71 <0.01 84 79 NS
Phosphorus �5.5 mg/dL 69 70 NS 87 93 NS
Calcium �10.2 mg/dL 97 99 NS 98 98 NS
PTH 150–600 pg/mL 56 51 NS 70 65 NS
CVC (%) 17 12 NS 40 35 NS
AV fistula (%) 79 82 NS 56 65 NS
S-Albumin �35 g/L 88 94 <0.01 71 69 NS
Charlson comorbidity index NS NS
<7 56 53 10 15
7–12 42 45 83 76
>12 2 2 8 9
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FIGURE 1: Achievement of KDIGO treatment targets (%) in women and men >80 years of age. Percentage of patients achieving the indicated KDIGO target is shown for

women (blue) and men (orange) aged >80 years. None of the comparisons between women and men were statistically significant. AVF, AV fistula.
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also achieve international treatment targets to the same extent
as men. As World Kidney Day and International Women’s Day
coincided in 2018, it is important to highlight and analyse po-
tential gender differences in treatment prescription in haemo-
dialysis. Several previous observational studies have revealed
significant differences in care and many argue to minimize bar-
riers for women to receive adequate haemodialysis and to
improve practices in areas in which outcomes differ by sex [3–8,
14, 15].

Measured as Kt/V and URR, all women and women in most
age groups in the present study had a slightly, but significantly,
higher urea removal than corresponding men, and the percent-
age of women with spKt/V> 1.2 was significantly higher.
Previous studies have shown that a high dialysis dose is associ-
ated with lower mortality among women, but not among men
[16]. It has, however, been proposed that the Kt/V formula may
overestimate dialysis clearance in women because of a sex-
specific difference in urea distribution volume (V) [17]. When V
is replaced by body surface area, the recalculated formula
showed that gender differences were largely attenuated [18].
Other studies have shown that women are more often pre-
scribed shorter treatment sessions than men [6, 19] even though
studies have demonstrated a survival benefit in women with in-
creased dialysis time [20]. Women treated at the DaVita units in
the present study were prescribed equally long dialysis sessions
as men, irrespective of age group.

Renal anaemia is a cornerstone in management of dialysis
patients. In the present study, women on haemodialysis had
slightly, but significantly, lower Hb, despite similar TSAT and
higher ferritin concentration than men. There were, however,
no significant gender differences in the achievement of Hb in
the target range of 10–12 g/dL. It is well established that healthy
women have lower Hb levels than men, and consequently the
definition of anaemia in the general population is sex-specific
[21]. It is, therefore, noteworthy that dialysis treatment guide-
lines do not consider different sex-specific targets for renal
anaemia, despite Hb levels remaining lower among women
throughout all stages of CKD [22, 23]. Accordingly, several stud-
ies have reported that women require more ESAs to achieve
similar haematocrits as men [24, 25]. Sex also modulates the re-
sponse to ESAs, and women may be more likely than men to be
poor responders to ESAs [25, 26]. In the current study, no differ-
ences in weekly ESA doses were observed between women and
men of all ages. Since higher ESA doses have been associated
with worse outcomes [27, 28], a gender perspective may be im-
portant from both a physiological and an economic perspective.

Prevention and treatment of CKD–MBD are important to re-
tard the development and progression of vascular calcifications
in patients on dialysis. Most international clinical guidelines ap-
ply the same target values to both men and women even
though studies suggest sex differences in the influence of phos-
phorus on calcification [7, 29]. Community-based studies and
studies in patients with kidney disease have shown higher
phosphate levels in women compared with men [30–32].
Increased serum phosphate levels in men seem to be more as-
sociated with all-cause mortality than in women [32]. Studies
from the Dialysis Outcomes and Practice Patterns Study (DOPPS)
have shown significantly higher iPTH in women than men [6].
In contrast, there were no significant differences in levels of
phosphorus, calcium or iPTH between men and women treated
at the DaVita centres in the present study.

AV fistulas are considered the first choice of vascular access
for patients on haemodialysis. In the present study, signifi-
cantly fewer women had an AV fistula than men, a finding that

was consistent and significant in two of four age groups. There
were no significant differences between sexes in the use of a
CVC. In both Europe and in the USA, most patients initiate hae-
modialysis using a CVC, and the use is more common in women
than men [33]. It has also been reported that women are less
likely to receive AV fistulas [3, 34] and that the presence of a
CVC for vascular access is associated with a higher risk of mor-
tality in women, which may be linked to a higher risk of access-
related bacteraemia [35]. The presumably smaller and thinner
vessels in women may prevent surgeons and nephrologists
from placing an AV fistula in some cases. However, duplex ul-
trasonography studies of vessel diameters do not differ between
the sexes [36]. Factors such as lack of surgical training and
women opting more often for catheters over AV fistulas, owing
to cosmetic reasons, have been proposed as explanations for
physicians’ preferences regarding vascular access in women
[36, 37]. Furthermore, despite demonstration of similar AV fis-
tula failure rates in both sexes [38], a recent analysis reported
that women still receive AV fistulas less often than men [34].

Taken together, these findings in renal anaemia, CKD–MBD
and vascular access in ‘real world’ clinical practice indicate that
the haemodialysis practices and the treatment targets for
women and men are similar in these European DaVita haemo-
dialysis clinics.

There are few previous descriptive studies in the literature
focusing on gender-specific differences in practices, patient and
treatment characteristics, and biochemical results also focusing
on differences within and between age groups.

Demographic data from DOPPS have shown that patient age
and time on haemodialysis differed slightly between sexes,
with women on average being >1.2 years and having 0.3 years
longer time on dialysis than men [6]. In the DOPPS analysis,
women also had higher BMI and accordingly were more fre-
quently obese than men. This was not observed in our cohort.

In addition, we analysed the achievement of KDIGO guide-
line targets and practices in elderly patients (�80 years) in rela-
tion to gender. In both the USA and European countries, there
has been a rapid rise in elderly patients aged �65 years, initiat-
ing haemodialysis treatment, compared with patients between
18 and 65 years old [9]. The nephrology community has become
increasingly aware of the special considerations for the care of
the elderly with CKD and the challenges surrounding decision-
making regarding renal replacement therapy. Most elderly hae-
modialysis patients experience a reasonable life expectancy on
dialysis, but a significant majority does not. In addition to older
age, several negative prognostic factors have been identified in
observational studies. The elderly >80 years have a high preva-
lence of comorbid conditions, including dementia and disability,
sometimes leading to controversy about the appropriateness of
dialysis initiation in these patients [39]. Furthermore, most el-
derly patients will have too many comorbidities to be eligible for
transplantation or will develop complications making them ineli-
gible while waiting for a kidney [40]. The impact of adequacy of
haemodialysis on quality of life and the well-being of the individ-
ual patient is therefore particularly important. In the present
study, there were no significant differences in practices or align-
ment with guideline targets between women and men �80 years.

Given a high burden of vascular disease in the elderly, vascu-
lar access can often be difficult to achieve with resultant depen-
dence on a CVC and its associated risk for thrombosis and
infections. Elderly patients can still benefit from the survival
advantages of an AV fistula compared with a CVC [41]. In the
present analysis, the use of an AV fistula was relatively high in
patients �80 years, with no differences between sexes.
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The knowledge base on gender differences in the treatment
of patients with haemodialysis has grown over the past years,
but efforts and studies must continue to explore the existence
of systematic underlying mechanisms of gender differences in
dialysis practices.
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