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ABSTRACT

Background. Why more males than females start kidney replacement therapy (KRT) is incompletely understood. Acute
kidney injury (AKI) is a possible factor underlying sex differences in chronic kidney disease (CKD) progression, but
previous studies regarding this have been inconclusive. We investigated sex differences in the association between AKI
and CKD progression in UK nephrology care.

Methods. This cohort study uses UK Renal Registry data. Adults with CKD stages 4/5 in 14 nephrology centres in England
were followed from January 2018 to December 2021. We compared their baseline characteristics by sex and calculated
cause specific hazard ratio (HR) for outcomes: time to AKI stage 2/3 (AKI2/3), initiation of chronic KRT and death by all
causes.

Results. A total of 15547 patients were included. Fewer females (43.8%) were seen in renal centres than males (56.2%).
During follow-up, 3909 (25.1%) AKI2/3 episodes, 3510 (22.6%) KRT initiations, and 7293 (46.9%) deaths were observed.
Males were more likely than females to experience each outcome: AKI2/3 [adjusted HR 1.39, 95% confidence interval (CI)
1.31-1.49], KRT initiation (adjusted HR 1.51, 95% CI 1.39-1.65) and death (adjusted HR 1.11, 95% CI 1.05-1.16). Adjustment
for AKI2/3 did not change the association between being male and the higher risk of KRT initiation.

Conclusion. Being male was associated with a higher risk of AKI2/3, KRT initiation and death. Fewer females appeared
in nephrology care data than expected from population CKD prevalence. However, no evidence was found to support the
hypothesis that AKI2/3 explains the higher KRT initiation rates seen amongst males.
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KEY LEARNING POINTS

What was known:

receive kidney transplants.

(KRT) has not been well studied.
This study adds:

compared with females.

Potential impact:

males and females.

e Chronic kidney disease (CKD) is more prevalent in females than in males, whilst more males than females start dialysis and

e Studies have shown inconsistent associations between sex and the risk and severity of acute kidney injury (AKI).
¢ Whether sex differences in AKI explain why more males than females with CKD progress to kidney replacement therapy

* No evidence was found to support AKI2/3 explaining the higher KRT initiation rates seen amongst males with CKD when

e Fewer females appeared in UK nephrology CKD care data than expected from population CKD prevalence.
e Males with CKD more frequently experienced AKI stage 2/3, KRT and death than females.

e TFewer females than males access nephrology care. The reasons underlying differential access by sex need explanation.
e Interventions targeted at prevention of adverse renal events following AKI stage 2/3 are likely to offer similar benefits to

INTRODUCTION

Chronic kidney disease (CKD) is a significant public health is-
sue globally, resulting in avoidable morbidity and mortality. More
than 700 million people have CKD, with approximately 6 million
in the UK [1]. Since CKD is a major independent risk factor for
cardiovascular disease, only a minority of those will reach kid-
ney failure before death. However, initiation of kidney replace-
ment therapy (KRT—dialysis or kidney transplantation) comes
at considerable burden to those who start, and to healthcare sys-
tems [2].

More females than males meet creatinine-based diagnos-
tic thresholds for CKD [3]. However, rates of dialysis initiation
and kidney transplantation are consistently higher amongst
males than females [3-7]. Furthermore, males appear to start
KRT younger and at higher estimated glomerular filtration rate
(eGFR) than females [8]. This appears consistent across nations,
ages and ethnicities [9-12]. Both healthy males [13] and those
with CKD [4, 7, 14] appear to experience more rapid decline in
GFR than females. However, meta-analysis of individual partici-
pant data from 46 general population and CKD cohorts showed
no evidence of a sex difference in associations between eGFR
and urinary albumin-to-creatinine ratio with kidney failure risk
[15]. Numerous potential explanations for the paradoxical pat-
tern in CKD prevalence and progression have been advanced
[10], including effects of sex hormones, between-sex differences
in risk factors such as diabetes, hypertension, obesity and smok-
ing, uptake of conservative kidney management [16-18], and
acute kidney injury (AKI) [19-22].

AKI reflects an heterogenous clinical syndrome, diagnosed
when a rapid increase in serum creatinine (SCr) or decline in
urine output indicates abrupt onset of organ dysfunction [23].
Studies in various settings have shown inconsistent associa-
tions between sex and the risk and severity of AKI [10]. Meta-
analyses and nationwide studies have indicated that males are
more likely than females to experience AKI and need KRT in
the hospital inpatient setting [24-27]. Meanwhile, males appear
more likely than females to recover native kidney function fol-
lowing AKI [28-30], and female sex has been identified as a risk
factor for progression to advanced CKD [31]. We used data from
the UK Renal Registry (UKRR) to examine the hypothesis that sex
differences in AKI may explain why more males than females
with advanced CKD progress to KRT.

MATERIALS AND METHODS
Study design and setting

We conducted a retrospective cohort study of patients receiving
National Health Service (NHS) nephrology CKD care in England,
UK, using routinely collected UKRR data. Nephrology services
in England are required to report individuals with CKD under
their care to the UKRR. The UKRR reports on the care of indi-
viduals with eGFR <30 mL/min/1.73 m?, including patients who
have newly started CKD care, and those already receiving treat-
ment [9]. AKI data are generated from an NHS-approved auto-
mated algorithm, which draws upon a national network of bio-
chemistry laboratory data to flag individuals with a rapidly rising
SCr on inpatient and outpatient laboratory tests [32]. AKI alert
data are housed in a ‘Master Patient Index’ (MPI) held by the
UKRR. All analyses described in this study were performed us-
ing data from a subset of 14 of the 48 (29%) English kidney units.
This represents all available relevant data, with units chosen
because they had been submitting both CKD data to the UKRR
from 2017 to the latest available data in 2021, and the main lab-
oratory covering the kidney unit had been contributing to the
MPI during 2018-21. Patients were considered eligible if they had
been reported to UKRR as receiving specialist CKD before, and
were aged >18 years on 31 December 2017. Inclusion criteria re-
quired at least one SCr measurement indicating a baseline eGFR
<30 mL/min/1.73 m? in 2017 (Chronic Kidney Disease Epidemiol-
ogy Collaboration 2009 without racial adjustment [33] using the
latest SCr in 2017), and no history of chronic KRT before 1 Jan-
uary 2018. Individuals were followed until the earliest of (i) 31
December 2021, (ii) death, (iii) loss to follow-up or (iv) the out-
come of interest: index AKI stage 2 and 3 (AKI2/3) or initiation of
chronic KRT, depending upon the analysis. To examine the effect
of the COVID-19 outbreak, we conducted a sensitivity analysis
with follow-up to 31 December 2019.

Variables and data sources

We extracted individual patient sex (male/female, as per
medical record), date of chronic KRT initiation, death by all
causes (last day of the month of death), age, ethnicity, In-
dex of Multiple Deprivation (IMD), baseline eGFR, SCr measure-
ment frequency, urine albumin-to-creatinine ratio (WACR), urine
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protein-to-creatinine ratio (uPCR) and primary kidney disease
from UKRR data. Comorbidity data (presence or absence of
chronic obstructive pulmonary disease (COPD), cardiovascu-
lar disease, diabetes, heart failure, malignancy and peripheral
vascular disease) were provided from linked Hospital Episode
Statistics admitted patient care, and outpatient care [34, 35].
Data relating to disease severity (for example HbAlc) were un-
available. Age was calculated for the 31 December of 2017 and
categorized into four groups with consideration of similar sam-
ple size: 18-65 years old; 66-75 years old; 76-85 years old; and
>86 years old. Ethnicity was grouped as Asian, Black, White and
other. Socioeconomic status was categorized by IMD quintile,
from least deprived to most deprived. Baseline eGFR was cat-
egorized into stage 5 (CKD5: eGFR <15 ml/min/1.73 m?) and
4 (CKD4: 15 mL/min/1.73 m? < eGFR < 30 mL/min/1.73 m?).
SCr measurement frequency was defined as the number of
SCr records in 2017. Baseline uACR and uPCR were defined by
the latest measurement in 2017. The MPI dataset was used to
identify and stage AKI alerts. AKI2/3 was chosen as a proxy
for more severe AKI, which remains distinguishable even in
the advanced CKD. We identified onset of AKI2/3 where a SCr
value reached (i) >1.5x the individual’'s reference value and
>354 pumol/L; (ii) or more than two times higher than the in-
dividual’s reference value (their lowest SCr if results available
within 7 days, or the median SCr if results available within 8-
365 days) [32]. We defined AKI2/3 in 2017 and during follow-
up separately as ‘baseline AKI2/3’ and ‘AKI2/3 during follow-
up’, respectively. AKI2/3 during follow-up was accounted for
as a time-varying covariate. At time zero (1 January 2018), AKI
status was set to zero, and after the first (index) AKI2/3 alert
during follow-up, AKI status adopted the value of one. Ac-
commodation of subsequent AKI2/3 alerts was tested, but this
did not improve the models, so was not included in further
analyses.

Statistical methods

The main exposure of interest was sex. We chose three out-
comes relating to CKD progression. The primary outcome was
time to initiation of chronic KRT, including kidney transplanta-
tion and dialysis. The two secondary outcomes were (i) time to
AKI2/3 and (ii) time to all-cause death. Variables identified as po-
tential confounders for adjustment were age, ethnicity, IMD, SCr
measurement frequency, baseline AKI2/3, AKI2/3 during follow-
up and comorbidities. The presence of hypertension was not
adjusted for, given the high prevalence in stage 4 and 5 CKD
amongst patients of both sexes. Of the possible confounders
considered, uACR and uPCR were excluded from the analysis be-
cause of the high level of missing data.

We presented descriptive analysis by sex, including clinical
and demographic patient features. To look for between-sex dif-
ferences, we conducted Kruskal-Wallis tests for non-normally
numerical variables and Chi-squared tests for categorical
variables. Time to event analysis was performed using a
Cox-proportional hazard model for the primary analysis of
KRT initiation and the two secondary outcomes, AKI2/3 and
all-cause death. The results were calculated as cause specific
hazard ratios with 95% confidence intervals (95% CI).

For the AKI2/3 event analysis, KRT and death were the com-
peting events. For the KRT event analysis, death was the com-
peting event, while for the death without KRT analysis, KRT was
the competing event. To account for competing risk, the cumu-
lative incidence curve was calculated as a cumulative incidence
function for AKI2/3,KRT initiation, and death without KRT initia-

tion, while the incidence of death was calculated by the Kaplan-
Meier method. For all analyses, censoring was the end of follow-
up (December 2021). We carried out sensitivity analyses using
Fine and Gray model. We tested for interactions between sex
and AKI2/3 at baseline and during follow-up. We set the signifi-
cance level in the statistical tests as 5% on both sides. We con-
ducted the statistical analysis using SAS9.4 (SAS Institute Inc.,
Cary, NC, USA). Reporting was based on the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement [36].

Ethics

The UKRR holds research ethics approval allowing collection
of data without personal consent as per the Confidential Advi-
sory Group for research and audit purposes. Institutional ethi-
cal approval was obtained from the London School of Hygiene
and Tropical Medicine Research Ethics Committee (LSHTM MSc
Ethics Ref: 27 042).

RESULTS
Characteristics of the cohort

The 14 units reported 15 547 individuals as receiving nephrology
CKD care to the UKRR at the end of 2017, with last eGFR in 2017
<30 mL/min/1.73 m? (Fig. 1). The proportion of females in the
analysis dataset was substantially smaller than males (females,
43.8%; males, 56.2%) (Table 1). Whilst females were older, and
the difference reached the alpha 0.05 threshold, the absolute
difference was marginal [median age females 78 (IQR 67-84)
years, males 77 (IQR 67-84) years, P = .017]. Females were more
socioeconomically deprived (P < .001), had less frequent SCr
measurement (P = .003) and had a lower proportion of CKD5
(P = .002). Females had lower rates of malignancy (P < .001) and
peripheral vascular disease (P < .001). Other comorbidities ap-
peared equally frequently between sexes. Proteinuria data were
highly missing—87.3% for uACR and 78.8% for uPCR—so were
not included in further analyses.

Outcome analysis

A total of 46 779 person-years were included in the cohort with
an average of 3.0 person-years per individual. Between 1 January
2018 and 31 December 2021, 3909 (25.1%) index AKI2/3 events,
3510 (22.6%) chronic KRT initiations and 7293 (46.9%) deaths
were observed. Males were more likely to experience AKI, KRT
and death than females (Fig. 2). Per 1000 person-years, more
males than females experienced AKI2/3 [females, 85; males, 123;
crude hazard ratio (HR) 1.43, 95% CI 1.34-1.53]; initiated chronic
KRT (females, 62; males, 85; crude HR 1.43,95% CI 1.34-1.54); and
died (females, 143; males, 167; crude HR 1.17, 95% CI 1.12-1.23).
Most of the AKI2/3 during follow-up happened in the first 2 years
(Appendix 1).

In the fully adjusted model, males remained more likely than
females to develop AKI2/3 (adjusted HR 1.39, 95% CI 1.31-1.49),
initiate KRT (adjusted HR 1.51, 95% CI 1.39-1.65) and all-cause
death (adjusted HR 1.11, 95% CI 1.05-1.16). Adjustment for base-
line AKI2/3 and AKI2/3 during follow-up minimally attenuated
the association between being male and higher risk of KRT ini-
tiation, and attenuated the association between being male and
higher risk of death (Table 2). Death without KRT was more
common in males than females in crude and adjusted analysis
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Patients in nephrology care in 14 English kidney units,
alive not on KRT as of 31 Dec 2017
(n =23,483)

Total number excluded (n = 7,936):

* Opt-out (n = 949)

* Age < 18yrs on 31 December 2017 (n = 4)

« History of chronic KRT before 1 January 2018 (n = 20)

* Baseline eGFR = 30mL/min/1.73 m?in 2017 (n = 5,979)

» Unknown eGFR/missing data on serum creatinine in 2017 (n = 984)

Participants in analysis
(n=15,547)

Figure 1: Flow diagram of participants included in analysis KRT - kidney replacement therapy; eGFR - estimated glomerular filtration rate.

(crude HR 1.17, 95% CI 1.12-1.23, adjusted HR 1.13, 95% CI 1.06-
1.20) (Fig. 2 and Table 2).

Sensitivity analysis

A sensitivity analysis excluding the post-COVID-19 (from Jan-
uary 2020) period from the follow-up slightly changed the HR
seen in the full cohort, but without substantial change in asso-
ciations seen (Appendix 2). We found no evidence in Fine and
Gray models that the competing risk of death explained the dif-
ferences between males and females with regards to KRT initia-
tion (Appendix 3). We found no evidence of interaction between
AKI2/3 at baseline and sex (P-value interaction .66), or between
AKI2/3 during follow-up and sex (P-value interaction .15) (data
not shown).

DISCUSSION
Key findings and interpretation

To our knowledge, this is the first study to examine the effect
of AKI on sex differences in CKD progression in UK nephrol-
ogy care. We found that being male was associated with
higher risk of AKI2/3, KRT initiation and all-cause death. Males
were also more likely to experience death without KRT. While
we hypothesized that sex differences in AKI2/3 may explain
males’ higher risk of KRT initiation, our findings did not sup-
port this. Males’ higher risk of KRT initiation and death were
only marginally attenuated by adjustment for baseline AKI2/3
and AKI2/3 during follow-up. Our data are consistent with
the previous literature. KRT incidence in males being greater
than females has been observed in all European countries [7].
In terms of our analysis results, we found very similar esti-
mates in competing risk analyses to those seen previously in
Sweden [37].

The proportion of females in our cohort (43.8%) was smaller
than that reported in other studies and does not mirror the re-
ported population sex distribution. For example, Hirst et al. (2020)
reported that the proportion of females in CKD4 patients in UK
primary care was 50.7% [38]. A Swedish study found that pro-
cesses of care for people with CKD were gendered, with lower di-
agnosis rates in women, and less referral when presenting with
advanced CKD when compared with men [39]. A similar phe-
nomenon may be present in UK clinical care, though we do not
have data in this study to confirm the smaller proportion of fe-
males in nephrology care reflect referral patterns.

Our sensitivity analyses indicated that the associations be-
tween male sex and an increased risk of all outcomes was
slightly stronger in models that included the COVID-19 period
compared with those that excluded it. It is known that CKD pa-
tients were at high risk of adverse outcomes during the pan-
demic [40]. Our data suggest that the impact of COVID-19 may
have been more pronounced in males than females receiving
nephrology care.

Strengths and limitations

The strengths of our study lie in the use of a large cohort, draw-
ing upon a national registry, linked secondary care data, and
a national AKI alert system. The cohort included multiple UK
renal centres, with prospective data collection meaning mea-
surements are largely free from outcome or exposure status.
Meanwhile, the population served and practice patterns of the
14 included units may not be representative of UK practice, and
findings cannot be assumed to generalize to other countries.
Sex was ascertained from medical records as a binary categor-
ical variable, meaning we were unable to investigate effects in
transgender, non-binary and gender-diverse individuals.

There are limitations to our study. We did not include pro-
teinuria data in the analysis due to the highly incomplete pro-
teinuria data. Whilst proteinuria is not used to stage acute kid-
ney disease, it is a major risk factor for adverse kidney outcomes
[41, 42], is elevated after AKI [43], and differs by sex [10]. The
severity of underlying CKD in our cohort may have been mis-
estimated in the absence of proteinuria data, undermining our
ability to resolve relationships between AKI and CKD [44], and
to spot sex differences [45, 46]. Other important sex differences
are also uncaptured in our data. For example, biological factors,
such as the higher frequency of bladder outflow obstruction in
males [47], or the differential effect of diabetes on disease pro-
gression in females [7]. We identified our exposure of AKI2/3
through the NHS AKI alert, which is based on SCr testing, which
occurs mainly during hospital admissions. Since AKI alerts are
triggered only when tests are performed, we may have missed
cases of AKIin female patients, if they experienced fewer admis-
sions. The unavoidable lack of a ‘prior AKI’ variable (predating
2017) is also a significant limitation, given the recurrent nature
of AKI in people with CKD, especially since AKI may have trig-
gered referral to specialist services. If females with CKD are re-
ferred later or only when their condition is more severe, our sam-
ple may include women with a higher disease burden than men.
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Table 1: Characteristics of participants in the analysis (n = 15 547).

All Male Female
Variables N % N % N % P-value
Total 15 547 8739 56.2 6808 43.8
Age
Median (IQR) 77 (67-84) 77 (67-84) 78 (67-84) 0170
18-65 years 3423 22.0 1930 22.1 1493 21.9 >.0001
66-75 years 3637 234 2154 24.6 1483 21.8
76-85 years 5584 35.9 3077 35.2 2507 36.8
>86 years 2903 18.7 1578 18.1 1325 19.5
IMD
1—most deprived 2526 16.3 1288 14.7 1238 18.2 >.0001
2 3100 19.9 1656 18.9 1444 21.2
3 3328 21.4 1892 21.7 1436 21.1
4 3381 21.8 1976 22.6 1405 20.6
S5—least deprived 3212 20.7 1927 22.1 1285 18.9
Ethnicity
White 13299 85.5 7556 86.5 5743 84.4 >.0001
Asian 1336 8.6 677 7.7 659 9.7
Black 454 2.9 244 2.8 210 3.1
Other 324 2.1 184 2.1 140 2.1
Missing 134 0.9 78 0.9 56 0.8
Primary renal disease
Diabetes 2038 131 1247 14.3 791 11.6 >.0001
Glomerulonephritis 668 4.3 443 5.1 225 33
Hypertension 832 5.4 494 5.7 338 5.0
Polycystic kidney disease 473 3.0 247 2.8 226 33
Pyelonephritis 697 4.5 425 49 272 4.0
Renal vascular disease 1076 6.9 665 7.6 411 6.0
Other 1185 7.6 610 7.0 575 8.4
Uncertain aetiology 2210 14.2 1137 13.0 1073 15.8
Missing 6368 41.0 3471 39.7 2897 42.6
Comoridity
COPD 2985 19.2 1676 19.2 1309 19.2 .9400
CVD 1536 9.9 879 10.1 657 9.7 4000
Diabetes 6251 40.2 3552 40.6 2699 39.6 .2100
Heart failure 3266 21.0 1849 21.2 1417 20.8 .6000
Malignancy 2373 15.3 1628 18.6 745 10.9 >.0001
PVD 1345 8.7 938 10.7 407 6.0 >.0001
No. comorbidity
None 5571 35.8 2988 34.2 2583 37.9 >.0001
1 4818 31.0 2660 30.4 2158 31.7
>2 5158 33.2 3091 35.4 2067 30.4
SCr measurement frequency
Median (IQR) 3 (2-5) 4 (2-5) 3 (2-5) 0033
Proteinuria measurement
Patient with proteinuria data 4281 27.54 2496 28.6 1785 26.2 .0012
Baseline eGFR
Median (IQR) 20.6 (15.6-24.7) 20.5 (15.3-24.6) 20.6 (15.8-24.8) 0100
CKD stage
stage 4 12 009 77.2 6671 76.3 5338 78.4 .0020
stage 5 3538 22.8 2068 237 1470 21.6

CVD, cardiovascular disease; PVD, peripheral vascular disease.

However, we adjusted for comorbidities, so the difference in dis-
ease severity should be partly accounted for. Additionally, if re-
ferral bias leads to an underrepresentation of females with less
severe CKD in nephrology care, this might attenuate the higher
risk of AKI2/3, KRT initiation and death in males. Consequently,
our results reflect a conservative estimate of the higher risk in
males for these outcomes.

Medication information was unavailable, preventing us from
examining whether the use of cardio/reno-protective drugs var-

ied by sex. Our prevalent cohort includes people of unknown
durations of CKD4 and CKDS5 diagnoses prior to referral, which
may introduce healthier survivor bias. Since our cohort includes
only patients already under nephrology care, it does not repre-
sent the entire population of individuals with CKD4 and CKD5.
Furthermore, included centres might not be representative, po-
tentially introducing selection bias and limiting the general-
izability of our findings—especially if referral practices differ
by sex.
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Figure 2: Cumulative incidence of (A) index AKI stage 2/3, (B) KRT, (C) death without KRT, and (D) death by all-causes. A, B, and C were calculated as the cumulative
incidence function. D was calculated as (1- Kaplan-Meier function). AKI - acute kidney injury; KRT - kidney replacement therapy.

Table 2: Crude and adjusted cause-specific HR by sex (males to females) for AKI2/3, KRT initiation, death without KRT and death by all causes

(n = 15547).
AKI stage 2/3 KRT initiation Death without KRT Death by all-causes

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value
Model 1: crude model 1.43 (1.34-1.53) >.0001 1.43 (1.34-1.54) >.0001 1.17 (1.12-1.23) =>.0001 1.17 (1.12-1.23) >.0001
Model 2: adjustment 140 (1.31-1.50) >.0001 1.53 (1.41-1.65) >.0001 1.19 (1.13-1.26) >.0001 1.18 (1.13-1.24) >.0001
without AKI
Model 3: Model 1.39 (1.31-1.49) =>.0001 1.52 (1.41-1.65) >.0001 1.19 (1.13-1.26) >.0001 1.18 (1.12-1.23) 0.0001
2 + baseline AKI
adjustment
Model 4: Model 3 + AKI 1.51 (1.39-1.65) >.0001 1.13 (1.06-1.20) >.0001 1.11 (1.05-1.16) =>.0001

during follow-up
adjustment

Model 1: unadjusted crude model; Model 2: adjusted by age groups, IMD, ethnicity, comorbidity, SCr measurement frequency, baseline eGFR;
Model 3: additionally adjusted for baseline AKI2/3 on Model 2; Model 4: additionally adjusted for AKI2/3 during follow-up on Model 3.
Comorbidities were adjusted for each comorbidity individually (COPD, cardiovascular disease, diabetes, heart failure, malignancy and peripheral vascular disease).

Like many other studies, our data show an association be-
tween AKI in advanced CKD and higher rates of KRT initiation
and mortality. Whilst our data do not support a relationship
between AKI episodes and the higher rate of kidney failure in
males, our findings do not prove that this relationship does not
exist. Whilst we accounted for CKD stage at baseline, it is pos-
sible that sex-effects have already been established before indi-
viduals reach advanced CKD, requiring analysis in a more ‘up-
stream’ dataset than our own. Alternatively, longer follow-up
than the 4 years of data available to us may be required to cap-
ture the full influence of AKI, especially if this tends to happen
late in the disease course.

CONCLUSION

We found that being male was associated with higher risk of
AKI2/3,KRT initiation and death in UK nephrology care. Fewer fe-
males than males accessed nephrology care. Whilst more males
than females accessed nephrology care, and males experienced
more AKI2/3 than females, accounting for AKI2/3 did not mean-
ingfully change the males’ higher rate of KRT initiation. Prospec-
tive population level studies with ascertainment of proteinuria,
and/or linkage between primary and secondary care records,
may help to ensure that comparable groups of males and fe-
males are used in future studies attempting to explain why more
males start KRT than females.
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Appendix 2: Cause specific HR by sex (males to females) in 2 years’ follow-up and in 4 years’ follow-up.

AKI stage 2/3 KRT initiation Death without KRT Death by all-causes
HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value
2 years 136  (1.25-1.47) >.0001 146 (1.32-1.61) >.0001 1.09 (1.01-1.18) .02 1.06  (0.99-1.13) .09
follow-up
4 years 1.39  (1.31-1.49) >.0001 151 (1.39-1.65)  >.0001  1.13  (1.06-1.20) >.0001 111 (1.05-1.16)  >.0001
follow-up

AKI—acute kidney injury; KRT—kidney replacement therapy; HR—hazard ratio; 95%CI-95% confidence interval

Appendix 3: Crude and adjusted subdistribution HR by sex (males to females) for AKI2/3, KRT initiation and death without KRT (n = 15 547).

AKI stage 2/3 KRT initiation Death without KRT Death by all-causes
HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value HR 95%CI P-value
Model 1: crude model 136 (1.27-1.45) >.0001 1.36 (1.27-1.46) >.0001 1.10 (1.04-1.15) >.0001 NA
Model 2: adjustment 132 (1.24-1.41) >.0001 147 (1.36-1.58) =>.0001 1.12 (1.06-1.18) >.0001 NA
without AKI
Model 3: Model 2 + baseline 1.32 (1.23-1.41) >.0001 1.48 (1.37-1.59) >.0001 1.12 (1.06-1.18) =>.0001 NA
AKI adjustment
Model 4: Model 3 + AKI 144 (1.32-1.56) >.0001 1.04 (0.99-1.10) 134 NA
during follow-up
adjustment

Model 1: unadjusted crude model; Model 2: adjusted by age groups, IMD, ethnicity, comorbidity, SCr measurement frequency, baseline eGFR;
Model 3: additionally adjusted for baseline AKI2/3 on Model 2; Model 4: additionally adjusted for AKI2/3 during follow-up on Model 3.
Comorbidities were adjusted for each comorbidity individually (COPD, cardiovascular disease, diabetes, heart failure, malignancy and peripheral vascular disease).

G20z aunr 60 uo isenb Aq /291 1.8/5014e)s/G/8 | /31911e/Btd/Wwod dnoolwapede//:sdpy Wolj papeojumoq



8 | T Tsujietal

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Collaboration GCKD, Bikbov B, Purcell CA et al. Global, re-
gional, and national burden of chronic kidney disease, 1990
2017: a systematic analysis for the Global Burden of Disease
Study 2017. Lancet 2020;395:709-33. https://doi.org/10.1016/
S0140-6736(20)30045-3

Jha V, Al-Ghamdi SMG, Li G et al. Global economic bur-
den associated with chronic kidney disease: a pragmatic
review of medical costs for the inside CKD research pro-
gramme. Adv Ther 2023;40:4405-20. https://doi.org/10.1007/
$12325-023-02608-9

Carrero JJ, Hecking M, Chesnaye NC et al. Sex and gender dis-
parities in the epidemiology and outcomes of chronic kid-
ney disease. Nat Rev Nephrol 2018;14:151-64. https://doi.org/
10.1038/nrneph.2017.181

Ricardo AC, Yang W, Sha D et al. Sex-related disparities in
CKD progression. ] Am Soc Nephrol 2019;30:137-46. https://
doi.org/10.1681/ASN.2018030296

Antlanger M, Noordzij M, van de Luijtgaarden M et al. Sex
differences in kidney replacement therapy initiation and
maintenance. Clin ] Am Soc Nephrol 2019;14:CJN.04400419.
https://doi.org/10.2215/CJN.04400419

Turin TC, Tonelli M, Manns BJ et al. Lifetime risk of ESRD.
J Am Soc Nephrol 2012;23:1569-78. https://doi.org/10.1681/
ASN.2012020164

Chesnaye NC, Dekker FW, Evans M et al. Renal function
decline in older men and women with advanced chronic
kidney disease—results from the EQUAL study. Nephrol
Dial Transplant 2020;36:1656-63. https://doi.org/10.1093/ndt/
gfaa095

Hecking M, Bieber BA, Ethier ] et al. Sex-specific differences
in hemodialysis prevalence and practices and the male-to-
female mortality rate: the dialysis outcomes and practice
patterns study (DOPPS). PLoS Med 2014;11:€1001750. https:
//doi.org/10.1371/journal.pmed.1001750

UK Renal Registry. UK Renal Registry 25th Annual Report-
data to 31/12/2021. Bristol, UK: UK Renal Registry, 2023.
https://ukkidney.org/audit-research/annual-report (8 May
2025, date last accessed).

Chesnaye NC, Carrero JJ, Hecking M et al. Differences in the
epidemiology, management and outcomes of kidney disease
in men and women. Nat Rev Nephrol 2024;20:7-20. https://
doi.org/10.1038/s41581-023-00784-z

Hounkpatin HO, Harris S, Fraser SDS et al. Prevalence of
chronic kidney disease in adults in England: comparison of
nationally representative cross-sectional surveys from 2003
to 2016. BMJ Open 2020;10:e038423. https://doi.org/10.1136/
bmjopen-2020-038423

Mata NLDL, Rosales B, MacLeod G et al. Sex differences in
mortality among binational cohort of people with chronic
kidney disease: population based data linkage study. BMJ
2021;375:e068247. https://doi.org/10.1136/BMJ-2021-068247
Melsom T, Norvik JV, Enoksen IT et al. Sex differences
in age-related loss of kidney function. ] Am Soc Nephrol
2022;33:1891-902. https://doi.org/10.1681/ASN.2022030323
Neugarten J, Golestaneh L. Influence of sex on the progres-
sion of chronic kidney disease. Mayo Clin Proc 2019;94:1339-
56. https://doi.org/10.1016/j.mayocp.2018.12.024

Nitsch D, Grams M, Sang Y et al. Associations of estimated
glomerular filtration rate and albuminuria with mortality
and renal failure by sex: a meta-analysis. BMJ 2013;346:{324.
https://doi.org/10.1136/bm;j.f324

Sparke C, Moon L, Green F et al. Estimating the total inci-
dence of kidney failure in Australia including individuals

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

who are not treated by dialysis or transplantation. Am J Kid-
ney Dis 2013;61:413-9. https://doi.org/10.1053/j.ajkd.2012.10.
012

Morton RL, Turner RM, Howard K et al. Patients who plan
for conservative care rather than dialysis: a national obser-
vational study in Australia. Am J Kidney Dis 2012;59:419-27.
https://doi.org/10.1053/j.ajkd.2011.08.024

Hemmelgarn BR, James MT, Manns B]J et al. Rates of treated
and untreated kidney failure in older vs younger adults.
JAMA 2012;307:2507-15. https://doi.org/10.1001/jama.2012.
6455

He L, Wei Q, Liu J et al. AKI on CKD: heightened injury, sup-
pressed repair, and the underlying mechanisms. Kidney Int
2017;92:1071-83. https://doi.org/10.1016/j.kint.2017.06.030
Thakar CV, Christianson A, Himmelfarb J et al. Acute kid-
ney injury episodes and chronic kidney disease risk in di-
abetes mellitus. Clin ] Am Soc Nephrol 2011;6:2567-72. https:
//doi.org/10.2215/CJN.01120211

Coca SG, Singanamala S, Parikh CR. Chronic kidney disease
after acute kidney injury: a systematic review and meta-
analysis. Kidney Int 2012;81:442-8. https://doi.org/10.1038/ki.
2011.379

Horne KL, Viramontes-Horner D, Packington R et al. A com-
prehensive description of kidney disease progression after
acute kidney injury from a prospective, parallel-group co-
hort study. Kidney Int 2023;104:1185-93. https://doi.org/10.
1016/j.kint.2023.08.005

Ronco C, Bellomo R, Kellum JA. Acute kidney injury. Lancet
2019;394:1949-64.  https://doi.org/10.1016/S0140-6736(19)
32563-2

Grams ME, SangY, Ballew SH et al. A meta-analysis of the as-
sociation of estimated GFR, albuminuria, age, race, and sex
with acute kidney injury. Am J Kidney Dis 2015;66:591-601.
https://doi.org/10.1053/j.ajkd.2015.02.337

Neugarten J, Golestaneh L. Female sex reduces the risk
of hospital-associated acute kidney injury: a meta-
analysis. BMC Nephrol 2018;19:314. https://doi.org/10.
1186/512882-018-1122-z

Hsu C-N, Lee C-T, Su C-H et al. Incidence, outcomes, and risk
factors of community-acquired and hospital-acquired acute
kidney injury. Medicine (Baltimore) 2016;95:e3674. https://doi.
org/10.1097/MD.0000000000003674

Waikar SS, Curhan GC, Ayanian JZ et al. Race and mortal-
ity after acute renal failure. ] Am Soc Nephrol 2007;18:2740-8.
https://doi.org/10.1681/ASN.2006091060

Shah S, Leonard AC, Harrison K et al. Mortality and recov-
ery associated with kidney failure due to acute kidney in-
jury. Clin ] Am Soc Nephrol 2020;15:995-1006. https://doi.org/
10.2215/CJN.11200919

Foley RN, Sexton DJ, Reule S et al. End-stage renal disease
attributed to acute tubular necrosis in the United States,
2001-2010. Am ] Nephrol 2015;41:1-6. https://doi.org/10.1159/
000369832

Pannu N, James M, Hemmelgarn B et al. Association between
AKI, recovery of renal function, and long-term outcomes af-
ter hospital discharge. Clin ] Am Soc Nephrol 2013;8:194-202.
https://doi.org/10.2215/CJN.06480612

James MT, Pannu N, Hemmelgarn BR et al. Derivation
and external validation of prediction models for advanced
chronic kidney disease following acute kidney injury. JAMA
2017;318:1787-97. https://doi.org/10.1001/jama.2017.16326
Selby NM, Hill R, Fluck RJ et al. Standardizing the early iden-
tification of acute kidney injury: the NHS England National
Patient Safety Alert. Nephron 2015;131:113-7. https://doi.org/
10.1159/000439146

G20z aunp 60 U0 1sanb Aq /291 1 8/S0LIEIS/S/81/2I01ME/bo/W0d"dNo"olWapED.//:Sd)lY WOy papeojumod


https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1007/s12325-023-02608-9
https://doi.org/10.1038/nrneph.2017.181
https://doi.org/10.1681/ASN.2018030296
https://doi.org/10.2215/CJN.04400419
https://doi.org/10.1681/ASN.2012020164
https://doi.org/10.1093/ndt/gfaa095
https://doi.org/10.1371/journal.pmed.1001750
https://ukkidney.org/audit-research/annual-report
https://doi.org/10.1038/s41581-023-00784-z
https://doi.org/10.1136/bmjopen-2020-038423
https://doi.org/10.1136/BMJ-2021-068247
https://doi.org/10.1681/ASN.2022030323
https://doi.org/10.1016/j.mayocp.2018.12.024
https://doi.org/10.1136/bmj.f324
https://doi.org/10.1053/j.ajkd.2012.10.012
https://doi.org/10.1053/j.ajkd.2011.08.024
https://doi.org/10.1001/jama.2012.6455
https://doi.org/10.1016/j.kint.2017.06.030
https://doi.org/10.2215/CJN.01120211
https://doi.org/10.1038/ki.2011.379
https://doi.org/10.1016/j.kint.2023.08.005
https://doi.org/10.1016/S0140-6736(19)32563-2
https://doi.org/10.1053/j.ajkd.2015.02.337
https://doi.org/10.1186/s12882-018-1122-z
https://doi.org/10.1097/MD.0000000000003674
https://doi.org/10.1681/ASN.2006091060
https://doi.org/10.2215/CJN.11200919
https://doi.org/10.1159/000369832
https://doi.org/10.2215/CJN.06480612
https://doi.org/10.1001/jama.2017.16326
https://doi.org/10.1159/000439146

33.

34.

35.

36.

37.

38.

39.

40.

AKI in sex differences in KRT initiation and death in CKD patients | 9

Levey AS, Inker LA, Coresh J. GFR estimation: from physiol-
ogy to public health. Am J Kidney Dis 2014;63:820-34. https:
//doi.org/10.1053/j.ajkd.2013.12.006

Nimmo A, Steenkamp R, Ravanan R et al. Do rou-
tine hospital data accurately record comorbidity in ad-
vanced kidney disease populations? A record linkage co-
hort study. BMC Nephrol 2021;22:95. https://doi.org/10.1186/
512882-021-02301-5

Herbert A, Wijlaars L, Zylbersztejn A et al. Data resource
profile: hospital episode statistics admitted patient care
(HES540 APC). Int ] Epidemiol 2017;46:1093-1093i. https://doi.
org/10.1093/ije/dyx015

Elm Ev, Altman DG, Egger M et al. The Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) statement: guidelines for reporting obser-
vational studies. Lancet 2007;370:1453-7. https://doi.org/10.
1016/S0140-6736(07)61602-X

Hodlmoser S, Carrero JJ, Kurnikowski A et al. Kidney func-
tion, kidney replacement therapy, and mortality in men and
women. Kidney Int Rep 2021;7:444-54. https://doi.org/10.1016/
j.ekir.2021.12.024

Hirst JA, Hill N, O’Callaghan CA et al. Prevalence of chronic
kidney disease in the community using data from OxRen: a
UK population-based cohort study. Br ] Gen Pr 2020;70:e285-
93. https://doi.org/10.3399/bjgp20X708245

Swartling O, Yang Y, Clase CM et al. Sex differences in
the recognition, monitoring, and management of CKD in
health care: an observational cohort study.] Am Soc Nephrol
2022;33:1903-14. https://doi.org/10.1681/asn.2022030373
Geetha D, Kronbichler A, Rutter M et al. Impact of the COVID-
19 pandemic on the kidney community: lessons learned

41.

42.

43.

44.

45.

46.

47.

and future directions. Nat Rev Nephrol 2022;18:724-37.
https://doi.org/10.1038/s41581-022-00618-4

Gansevoort RT, Matsushita K, van der Velde M et al.
Lower estimated GFR and higher albuminuria are as-
sociated with adverse kidney outcomes. A collaborative
meta-analysis of general and high-risk population cohorts.
Kidney Int 2011;80:93-104. https://doi.org/10.1038/ki.2010.
531

James MT, Hemmelgarn BR, Wiebe N et al. Glomerular filtra-
tion rate, proteinuria, and the incidence and consequences
of acute kidney injury: a cohort study. Lancet 2010;376:2096—
103. https://doi.org/10.1016/S0140-6736(10)61271-8

Parr SK, Matheny ME, Abdel-Kader K et al. Acute kid-
ney injury is a risk factor for subsequent proteinuria. Kid-
ney Int 2018;93:460-9. https://doi.org/10.1016/j.kint.2017.07.
007

HsuRK, Hsu C. The role of acute kidney injury in chronic kid-
ney disease. Semin Nephrol 2016;36:283-92. https://doi.org/
10.1016/j.semnephrol.2016.05.005

Minutolo R, Gabbai FB, Chiodini P et al. Sex differences in the
progression of CKD among older patients: pooled analysis
of 4 cohort studies. AmJ Kidney Dis 2020;75:30-8. https://doi.
0rg/10.1053/j.ajkd.2019.05.019

Swartling O, Rydell H, Stendahl M et al. CKD progression and
mortality among men and women: a nationwide study in
Sweden. Am ] Kidney Dis 2021;78:190-9.e1. https://doi.org/10.
1053/j.ajkd.2020.11.026

Mevcha A, Drake M]J. Etiology and management of urinary
retention in women. Indian J Urol 2010;26:230-5. https://doi.
0rg/10.4103/0970-1591.65396

Received: 9.9.2024; Editorial decision: 29.1.2025

© The Author(s) 2025. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction
in any medium, provided the original work is properly cited.

G20z aunp 60 U0 1sanb Aq /291 1 8/S0LIEIS/S/81/2I01ME/bo/W0d"dNo"olWapED.//:Sd)lY WOy papeojumod


https://doi.org/10.1053/j.ajkd.2013.12.006
https://doi.org/10.1186/s12882-021-02301-5
https://doi.org/10.1093/ije/dyx015
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/j.ekir.2021.12.024
https://doi.org/10.3399/bjgp20X708245
https://doi.org/10.1681/asn.2022030373
https://doi.org/10.1038/s41581-022-00618-4
https://doi.org/10.1038/ki.2010.531
https://doi.org/10.1016/S0140-6736(10)61271-8
https://doi.org/10.1016/j.kint.2017.07.007
https://doi.org/10.1016/j.semnephrol.2016.05.005
https://doi.org/10.1053/j.ajkd.2019.05.019
https://doi.org/10.1053/j.ajkd.2020.11.026
https://doi.org/10.4103/0970-1591.65396
https://creativecommons.org/licenses/by/4.0/

Click here for Prescribing Information v G f S e O’
A 4

This is a promotional advertisement intended for d d
UK HCPs only, produced and funded by MEDICE UK Va a UStat

Vafseo® is indicated for the treatment of symptomatic anaemia associated
with chronic kidney disease (CKD) in adults on chronic maintenance dialysis’

Vafseo® is now recommended by NICE, within its marketing authorisation, as
an option for treating symptomatic anaemia caused by CKD in adults having
maintenance dialysis?

Contact MEDICE UK now to be put in touch with your
regional Vafseo® Key Account Manager

Contact Us

V¥ This medicinal product is subject to additional monitoring. This will allow quick identification of new safety
information. Adverse events should be reported. Reporting forms and information can be found at
https://yellowcard.mhra.gov.uk/ or search for MHRA Yellow Card in Google Play or Apple App Store.
Adverse events should also be reported to Medice UK Ltd, 0204 582 2845, medicalinformation@medice.co.uk

MEDICE UK makes no warranties or representations of any kind as to the accuracy, completeness,
reliability or usefulness of any information contained in third party sites and shall have no liability for

any loss or damage of any kind that may arise from your use of such content or information. . M E D I C E

Inclusion of any third-party link does not imply an endorsement or recommendation by MEDICE UK. THE HEALTH FAMILY

Abbreviations: CKD, chronic kidney disease; HCP, healthcare professional; NICE, National Institute of Health

and Care Excellence. References: 1. Vafseo 300 mg film-coated tablets Summary of Product Characteristics

(SmPC). Available at: https://www.medicines.org.uk/emc/product/15656/smpc (Accessed March 2025).

2. NICE Guidance TA1035. Vadadustat for treating symptomatic anaemia in adults having dialysis for chronic UK-VAF-2024-1963-v2
kidney disease. Available at: https://www.nice.org.uk/guidance/ta1035 (Accessed March 2025). March 2025


https://cdn.pepperapps.io/medice/public/65f46cdd65ddba3d1038bbc9?signature=eyJhbGciOiJkaXIiLCJlbmMiOiJBMTI4Q0JDLUhTMjU2In0..iWLGS_Kq1X1Jd-eor-i6zA.maXFpANU38bmCzmqpynQeD4ycw8cEXBPhHjzZODmpWkeRtGZmzm7NmxfWzQMbuCVakHS_HmUb7t9UafY1qAZuZ3ljWGlM6K4370YlxUMtkXD02h95_C0vSxrTNm9Qpqi4DYyb4BCFKJw-HYQttA-wzXcbcB7ukEkR34bHotu3TDTXGGNfpIO-tu8GVcUfTXM.2gQ1kTAciyoF8FAoVPylZQ
https://yellowcard.mhra.gov.uk/
mailto:medicalinformation%40medice.co.uk?subject=
https://medice.co.uk/hcp/contact/

	INTRODUCTION
	MATERIALS AND METHODS
	Study design and setting
	Variables and data sources
	Statistical methods
	Ethics
	RESULTS
	Characteristics of the cohort
	Outcome analysis
	Sensitivity analysis
	DISCUSSION
	Key findings and interpretation
	Strengths and limitations
	CONCLUSION
	ACKNOWLEDGEMENTS
	FUNDING
	AUTHORS’ CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

