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ABSTRACT
Introduction Reported sex differences in the etiology, population prevalence, progression rates, and
health outcomes of people with CKD may be explained by differences in health care.

Methods We evaluated sex as the variable of interest in a health care-based study of adults (n=227,847)
with at least one outpatient eGFR<60 ml/min per 1.73 m? measurement denoting probable CKD in Stock-
holm from 2009 to 2017. We calculated the odds ratios for diagnosis of CKD and provision of RASi and sta-
tins at inclusion, and hazard ratios for CKD diagnosis, visiting a nephrologist, or monitoring creatinine and
albuminuria during follow-up.

Results We identified 227,847 subjects, of whom 126,289 were women (55%). At inclusion, women had
lower odds of having received a diagnostic code for CKD and were less likely to have received RASi and
statins, despite having guideline-recommended indications. In time-to-event analyses, women were less
likely to have received a CKD diagnosis (HR, 0.43; 95% Cl, 0.42 to 0.45) and visited a nephrologist (HR,
0.46; 95% Cl, 0.43 to 0.48) regardless of disease severity, presence of albuminuria, or criteria for referral.
Women were also less likely to undergo monitoring of creatinine or albuminuria, including those with dia-
betes or hypertension. These differences remained after adjustment for comorbidities, albuminuria, and
highest educational achievement, and among subjects with confirmed CKD at retesting. Although in abso-
lute terms all nephrology-care indicators gradually improved over time, the observed sex gap persisted.

Conclusions There were profound sex differences in the detection, recognition, monitoring, referrals, and
management of CKD. The disparity was also observed in people at high risk and among those who had
guideline-recommended indications.
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CKD is prevalent, affecting 8%-16% of adults
worldwide (11.8% of all women, 10.4% of all
men), conferring large health care costs, and
contributing to excess comorbidity and death.'™
There are important sex differences in the etiol-
ogy, prevalence, progression rates, and outcomes
of people with CKD. Although most people with
CKD are identified, followed, and managed in
the primary care setting,” evidence on differences
by sex or gender derive mostly from the minority
of patients referred to nephrology specialist units.
These studies show that more women than men
have CKD,® but more men than women undergo
KRT. "™ It is controversial whether this is because
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men progress more rapidly to kidney failure,
because women more often opt for conservative

14 . . 15 .
care, - or whether social factors are involved.” It is
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possible that differences in clinical care may contribute to
poorer outcomes: women undergoing dialysis have greater hos-
pitalization rates,'®1” excess deaths, worse relative survival, and
more years of life lost than men.'® Conscious or unconscious
bias may be operating and leading to differential management
by sex or gender.

Guidelines emphasize referral to nephrologist care accord-
ing to the principle of risk stratification,"'>*° the presence of
specific comorbidities and cutpoints in eGFR and albuminuria
that are not sex based."'>*® Whether systematic differences
exist in process indicators has not been systematically ad-
dressed, but secondary evidence suggests they may occur: in
the United Kingdom, mean GFR in men who had been
referred was higher than that in women,?! and women were
less likely to receive a diagnostic code of CKD.** A Canadian
cross-sectional study of people with CKD in primary care
reported less testing of urine albumin-creatinine ratio in
women; and in the United States, awareness of having CKD**
or the likelihood of initiating renin-angiotensin inhibitors
(RASi) on detection of incident albuminuria®> was lower
among women. The objective of this study was to explore
differences in the recognition, detection, monitoring, and
management of CKD between men and women in the con-
temporary routine healthcare of Stockholm, Sweden.

MATERIALS AND METHODS

Study Setting

We used data from the Stockholm Creatinine Measurements
(SCREAM) project, a health care utilization cohort from the
region of Stockholm, Sweden.*® A single health care provider
in the Stockholm region provides universal and tax-funded
health care to 20%-25% of the population of Sweden. Using
unique personal identification numbers, SCREAM linked
regional and national administrative databases that hold com-
plete information on demographics, health care utilization,
laboratory tests undertaken, dispensed drugs, diagnoses, and
vital status, without loss to follow-up. The Regional Ethical
Review Board in Stockholm and the Swedish National Board
of Welfare approved the study. Because data were linked and
deidentified by the Swedish government, informed consent
was not deemed necessary.

Study Population

We extracted information on all serum or plasma creati-
nine measurements performed in outpatient care during
2009-2018 for any citizen of adult age (=18 years), and cal-
culated eGFR using the 2009 CKD Epidemiology Collabo-
ration equation without correction for race.”” During this
period, all laboratories used creatinine assays calibrated to
isotope-dilution mass spectrometry and were subject to fre-
quent quality audits.”® We identified all individuals who
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Significance Statement

In this study of people with probable CKD accessing health
care, we observed profound sex differences in detection, recog-
nition, and monitoring that persisted over time: women were
less likely to receive a CKD diagnosis, to visit a nephrologist, to
have their creatinine and albuminuria measured, or to receive
guideline-recommended therapies. Differences in comorbidity
did not explain these discrepancies and were similar among
high-risk groups, among patients with evidence-based indica-
tions for medications, and among patients with confirmed CKD
at retesting. Efforts to improve and ensure equitable health care
between the sexes could have important implications for justice
and could reduce the burden of CKD.

had at least one eGFR measurement <60 ml/min per
1.73 m?, denoting probable CKD category G3a or worse ac-
cording to Kidney Disease: Improving Global Outcomes
(KDIGO)."! The first time that a low eGFR was encountered
in our system constituted the index date. At that point, we
excluded people with a history of KRT and those with
missing information on age or sex. To explore time trends,
we repeated this process for each calendar year, creating a
series of nine cohorts of individuals with a least one
detected eGFR<60 ml/min per 1.73 m® during each year
(Supplemental Figure 1). A given individual could be pre-
sent in several of these cohorts if they underwent creatinine
testing and fulfilled inclusion criteria.

Exposure and Covariates

The variable of interest was registered sex, identified in each
citizen’s unique identity number.” Study covariates includ-
ed age, comorbidities, ongoing medications (all detailed in
Supplemental Table 1), eGFR, albuminuria, and indicators
of nephrology care. We identified comorbidities through clini-
cal diagnosis codes, and ascertained medications through
drug dispensations at registered pharmacies. The highest-
educational attainment for each participant was obtained by
linkage with the government-run longitudinal integrated data-
base for health insurance and labor market studies registry,*
and categorized as compulsory school, secondary school, and
university education. We classified the severity of CKD using
KDIGO G categories on the basis of index eGFR." We evalu-
ated the presence and severity of albuminuria through extrac-
tion of all tests of dipstick albuminuria/proteinuria, urine
albumin-creatinine ratio, and albuminuria excretion rates, and
categorization into KDIGO categories A1-A3." Finally, we
evaluated whether individuals satisfied KDIGO criteria' or
regional criteria set by Region Stockholm for referral to
nephrology care. KDIGO criteria for referral included eGFR
<30 ml/min per 1.73 m? presence of A3 albuminuria, or
CKD with refractory hypertension. Regional criteria for refer-
ral were eGFR<60 ml/min per 1.73 m” and age <50 years;
albuminuria A3 and age 50-80 years; albumin-creatinine ratio
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>100 mg/mmol and age >80 years; or e GFR<30 ml/min per
1.73 m* and age >80 years.

Outcomes

We evaluated key steps in the process of CKD care, includ-
ing provider recognition (i.e., issuing a diagnosis), monitor-
ing (i.e., remeasurement of creatinine and albuminuria),
referral to nephrologist care, and management (provision
of guideline-recommended medications). Some of these are
described cross-sectionally at the index date, as a propor-
tion, on the basis of lookback periods; others as a time-to-
event during follow-up. We defined having ever received a
diagnosis of CKD or having had a nephrologist visit by
evaluating administrative records from each patient since
1997; and reported time-to-event data during 18-month
follow-up on those who did not meet this criterion. We
defined having creatinine remeasured or albuminuria mea-
sured in time-to-event data for the next 18 months. Finally,
we defined guideline-recommended use of RASi and statins
on the basis of pharmacy dispensations claimed at index
date and the 6 months before or after. Individuals were
censored at death, emigration from the Stockholm region,
or end of follow-up (December 2019).

Statistical Analysis

Descriptive statistics for categorical variables were pre-
sented with counts (%), and continuous variables by mean
and SD, or median and interquartile range. We calculated
absolute proportions and used univariable logistic regres-
sion, presenting odds ratios (OR) with 95% confidence
intervals (95% CI), to explore cross-sectional sex differences
at the index date. For time-to-event data, we used the
Aalen-Johansen approach to estimate cumulative incidence
functions (censoring at migration, death, and end of fol-
low-up) and univariable Cox proportional hazards models,
presenting hazard ratios (HR) with 95% CIL

Because the relationship between sex and outcomes can-
not be confounded by other variables—it is not possible for
other variables to causally influence sex—we present crude
risks. Next, we used multivariable adjustment to explore if
differences in nephrology care were explained by underlying
risk factors or comorbidity, which we interpret as potential
mediators of the associations under study. Multivariable
adjustment included (when applicable): age, albuminuria,
eGFR, prior referral, presence of KDIGO criteria for referral,
highest educational attainment, hypertension, diabetes melli-
tus, myocardial infarction, congestive heart failure, peripheral
vascular disease, cerebrovascular disease, dementia, chronic
obstructive pulmonary disease, and cancer.

Analyses were performed overall and in subgroups of
age, presence of specific comorbidities, CKD category, albu-
minuria, and people with at least one criterion for nephrol-
ogy referral. In the analysis of medication use, we explored
subgroups across specific indications stressed by guidelines."
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www.jasn.org | CLINICAL EPIDEMIOLOGY

As supporting analyses, we evaluated CKD care indicators in
situations where we hypothesized that sex differences would
be less evident: (1) people with a history of nephrologist
referral; (2) people with eGFR<60 ml/min per 1.73 m?> at
the point of retesting (that is, those with confirmed CKD);
and (3) people identified before or after the implementation
of automatic eGFR reporting in our region, which occurred
at the start of 2015.

As sensitivity analyses, we tested whether further adjust-
ment for creatinine abrogated associations and whether
study results differed by applying a different eGFR equation
(the Lund-Malmo equation), which was used in the auto-
matic eGFR reporting after 2015.*' Finally, in the evaluation
of time trends, we compared nephrology care indicators
using men in year 2009 as a reference. Analyses were per-
formed using R project version 4.0.3 and Stata version 16
software (StataCorp).

RESULTS

From 2009 to 2017, 227,847 residents had at least one outpa-
tient creatinine measurement equivalent to an eGFR
<60 ml/min per 1.73 m® and fulfilled inclusion criteria
(Supplemental Figure 1). Over half of the participants were
women (55%) and median age was higher in women com-
pared with men (77 versus 74 years, Supplemental Table 2).
Mean eGFR was similar for both sexes (51 ml/min per
1.73 m?), and most people had CKD G3a (80%), followed by
G3b (15%), G4 (4%), and G5ND (1%). Despite being older,
women generally had a lower comorbidity burden; a higher
proportion of men had diabetes (23% of men versus 17% of
women) and cardiovascular diseases (e.g., myocardial infarc-
tion in 15% of men versus 8% of women, and peripheral
arterial disease in 10% versus 6%), but the proportion with
hypertension was similar (62% versus 63%, respectively). A
high proportion of the individuals lacked albuminuria test-
ing at baseline, but among those who had, women had lower
albuminuria than men (Supplemental Table 2).

During each calendar year, there were 70,000 to 80,000
unique individuals with at least one eGFR measurement
<60 ml/min per 1.732. The characteristics of patients in
these calendar-year cohorts are shown in Supplemental
Table 3 and resemble that of the overall cohort.

Diagnosis of CKD

At cohort inclusion, few people (5%) had ever received
a CKD diagnosis code. This was more common among
men (6.9% of men versus 3.4% of women). Women had
lower odds of having received a CKD diagnosis compared
with men (unadjusted OR, 0.47; 95% CI, 0.45 to 0.49,
Supplemental Table 4), a difference that was observed across
all subgroups evaluated. Compared with men, women had
lower odds of having received a CKD diagnosis across

Sex Differences in CKD Care 1905


http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
https://www.jasn.org

“Aoueubijew pue ‘aseasip Aleuow|nd 9A1N1SGO JIUOIYD ‘USSP ‘9SEaSIP 1B|NISEACIGRISD ‘aseasip Jejnasen |esayduad ‘ain|ie) Leay aAsaBuod ‘uonejul [elpiedoiw

‘sa1agelp ‘uoisuspadAy ‘Juswuiele [euoilednPs 1sayBiy ‘|elayal 1oy eLSILD OD|AY ‘|eliayal Jo AIoisIy Y408 ‘(€Y ‘ZV ' LV eUnuiwNge ‘1s8) ou) A1oBa1ed eunuiwinge ‘Juswainseaw auluneasd je sbe ioy vmﬁ:.ﬁqﬁ
'sieak 0g< obe pue ,w g/°| Jod uiw/|w 0g>Y4D2 1o ‘sieak og< obe pue joww/Bw 0p| < olrel sujueald-ulwNg|e 'sieak 0g-0g 86e pue gy eunulwng|e ‘sieek 0g> bk Jo uousd [eusyel [euoibes BunssA,
‘uoisusuiadAy Aioroeujal pue gD 40 ‘Y eunuIwNg|e Jo sdussaid wes Jad ulw/|w 0g>Y4 DS JO UoLBLD [BLBJRI QDI Bunesing

"PaUIqIOd £y PUE Z BLNUIWNG|Y,

‘Juapuadap sisA|eip—uou ‘g ‘sawodinQ |eqo|o) Buiroidw)
:aseasiq Aaupiy| ‘ODIa) ‘oseasip Jejnoseacipied ‘gAD ‘sisoubelp gD Jo Aiolsiy e pey gze' L | ‘s|enpiaipul papnjaul /8 /ZZ $O sisoubeip Joud 1noyum asoyy Buowe si sisouBelip gD e Buiniedal o sty

€00 (66°0 ©} ¥/°0) S8°0 100'0> (€8°0 01 €9°0) 2L°0 (€Sl 01 GZL) %6EL (L°61 01991) %L'8lL 14414 pauajal Aisnoinaid
,|B4I9)31 IO} BlIBYID
100°0> (89°0 1 /5°0) €£9°0 100'0> (L£°0 ©309°0) S9°0 (22l 0180L) %S'LL (0'8L ©1 ¥'9L) %Z L1 220’ L1 |euoibal Bunes|y
qlBlia§o1 4oy eLIBID
100'0> (99°0 ©1 85°0) 29°0 100'0> (§9°0 01 /5°0) L9°O (02ZL 010 LL) %S'LL (8'8L 01 G /1) %Z '8l €58'9¢ 0DIay Bunesy
1L00°0> (§9°0 ©1 55°0) 09°0 100'0> (#9°0 3 ¥5°0) 65°0 (26 0108) %98 (97l 0 ¥ EL) %01 162’02 LEMNUINg Y
€000 (06'0 ©2 09°0) €££°0 1000 (£/8°00385°0) LLO (082 01 L'12) %S V¢ (6'SE 01 €62) %9CE €8¢l AaNSD
L00'0> (S£°0 03 19°0) £9°0 1L00'0> (€£°0 ©3 09°0) 99°0 (6°6L Oy ¥°LL) %9°8L (0'£2 ©1 0'¥2) %S'ST 6¢0L 143
100'0> (LS50 1 ¥¥°0) 8%°0 100'0> (9%°0 ©1 0¥°0) €0 (S20189) %L, (8'SL 01 9¥L) %C'Sl §68'0€ q9eD
L00'0> (S¥°0 ©3 0¥°0) Zt'0 1L00'0> (8€°0 01 ¥€°0) 9€°0 (L'2016°1L) %0°C (G 03 1'G) %E'S IAXAVNA} een
Kiobares 3D Ag
L00'0> (€5°0 03 /¥°0) 610 1L00'0> (€5°0 ©3 87°0) 050 (8% O} €1) %9V (06 03 6°8) %/'8 02L'9L and
100°0> (09°0 ©1 LS50) SS°0 100'0> (S5°0 °1 /¥°0) LSO (L'9 01 G°G) %8'S (€11 01 50L) %60l Lvy'Or sa1eqelqg
L00'0> (€5°0 ©3 8¥°0) 0G0 100'0> (L¥°0 % €7°0) S0 (07 03 £°€) %8°€ ('8 03 0'8) %C'8 ZLo'eel uoisuspiadAy
sanIplgiowod jo aoussald Ag
L00'0> (S¥°0 ©3 0¥°0) 20 100'0> (90 ©3 L¥°0) €V°0 ('€ 01 Z°€) %E'E (V'L 0 69) BT'L 009°LLL SL<
100'0> (€5°0 01 S¥°0) 610 100'0> (b¥°0 03 8€°0) L¥'0 (L'€ 0182 %0°€ (€20} /19 %0°L 9LY'L9 S/—S9
L00'0> (09°0 ©3 25°0) 95°0 100'0> (LS°0 ©¥ ¥¥°0) L0 (9% OF L'Y) %¥'v (€76 03 G'8) %68 €0S'EY G9>
I 'saliobaled abe Ag
100'0> (05°0 €3 9%°0) 80 100'0> (S¥'0 03 2¥°0) €v'0 (S€01ee) wre (L0 L) %S'L 615912 [|eIdAO
US|\ SNSIBA UBWOAA US|\ SNSISA UBWOAA s|enplAlpu|
anjep d anjep d UBWIOAA uspl
pdH paisnipy UH paisnipeun $0 JaquinN
Kiobare)

1903-1914, 2022

JASN 33

sisoubelq aMD 40 (1D %S6) serewns3
82uUapIdu| dARER|NWND YIUOA-G |

SYIUOIAl 81 IXaN ay3 ul sisoubeliq adID
uapidu| ue Bulaleday 4o (1D %S6) ¥H

| CLINICAL EPIDEMIOLOGY | www.jasn.org

£10Z 03} 600Z Wou} uoiBas wjoyypo1s 8y Ul ,wi £/ | J1od uiw/|w 09> JudWaINseaw Y409 Isly 18 xas Aq payiiens
‘uoisnjoul 1e sisouBelp XD e inoyum sjdoad Buowe sujaseq Jalje sYyuow g| Ixau ayj u sisoubelp @YD e Bulnledal Jo YH pue acuspidul SAeINWND *| d|qe]

JASN

1906


https://www.jasn.org

Receiving a CKD diagnosis

2.0-A B

Visiting a nephrologist

1.5 4

0.5 A

0.0 A

Re-measurement of creatinine Measurement of albuminuria

2.0-C D

1.5 4

Unadjusted hazard ratio

107 =5 = u 8 5 5 —

0.5 A

0.0 A

'09 '10 1112 13 '14 '15 '16 17 '09 '10 111213 '14 '15 '16 17
Years

Men Women |

Figure 1. Years 2009-2017 time trends in CKD care ind-
icators among persons with first-ever eGFR<60 ml/min per
1.73 m? by sex, using men in 2009 as reference. Although in
general indicators of CKD care have improved over time,
women with CKD have been persistently less likely to receive
the same degree of recognition, referral to kidney specialist and
monitoring of kidney function over time than men. Time trends
in the risk of receiving (A) a diagnosis of CKD, (B) visiting a
nephrologist, (C) remeasurement of creatinine, and (D) measure-
ment of albuminuria in the next 18 months using men in 2009
as reference, by sex and year of inclusion, and at first occur-
rence of an eGFR measurement <60 ml/min per 1.73 m? in the
Stockholm region from 2009 to 2017. Hazard ratios are pre-
sented in Supplemental Table 5.

severity categories G3a, G3b, and G4, but not among
patients with G5ND. This persisted, although attenuated, by
multivariate adjustment to OR 0.55 (95% CI, 0.53 to 0.58).

Within the next 18 months, fewer women than men
received an incident diagnosis of CKD (7.5% of men versus
3.4% of women), with a HR of 0.43 and 95% CI, 0.42 to 0.45
(Table 1). This difference was observed across all subgroups,
including G5ND, and persisted after multivariable adjustment
(e.g, adjusted HR, 0.48; 95% CI, 0.46 to 0.50 in the overall
cohort). In time-trend analyses, the proportion of diagnosed
patients increased each calendar year, and the underdiagnosis
of women persisted (Figure 1A, Supplemental Table 5).
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Visiting a Nephrologist

Among those who had not visited a nephrologist any time
before baseline (1=217,341), women were less likely than
men to visit a nephrologist in the next 18 months (unad-
justed HR, 0.46; 95% CI, 0.43 to 0.48, Table 2). This differ-
ence was observed across all subgroups. Few people (11.4%
of men and 6.8% of women) who had at least one KDIGO
criteria for referral (Table 2) visited a nephrologist in the
next 18 months, with a lower referral risk for women com-
pared with men (unadjusted HR, 0.57; 95% CI, 0.52 to 0.63).
Results were similar when evaluating single KDIGO referral
criteria or regional recommendations (Supplemental Table 6).
Multivariable adjustment slightly attenuated but did not
abrogate these associations (Table 2). There have been mod-
est improvements in referral patterns over time (Figure 1B,
Supplemental Table 5), but women were persistently at lower
risk of referral compared with men.

Monitoring of Creatinine and Albumin

A high proportion of people (91.1% of men and 87.1% of
women) had at least one remeasurement of creatinine taken
in the next 18 months from inclusion (Table 3). The pro-
portion of people who had an albuminuria measurement
was lower (34.3% of men and 28.1% of women, Table 3).
For the composite of both creatinine and albuminuria mea-
surement, proportions were similar to those for albumin-
uria measurement (Supplemental Table 7). For each of
these markers, men were measured earlier than women
(Table 3 and Supplemental Table 7). This difference was
observed across all subgroups. The sex differences were
attenuated after multivariable adjustment, but persisted
(e.g., remeasurement of creatinine in people with hyperten-
sion: unadjusted HR, 0.75; 95% CI, 0.75 to 0.76 and adjusted
HR, 0.82; 95% CI, 0.81 to 0.83, Supplemental Table 8).
Results were similar when evaluating single KDIGO referral
criteria or regional recommendations (Supplemental Table 9).
In recent years, remeasurement of creatinine was stable
(Figure 1C), but time to albuminuria monitoring improved
for both sexes (Figure 1D). In any case, monitoring of creati-
nine and albuminuria was persistently lower in women com-
pared with men.

Pharmacological Management of CKD

Opverall, a higher proportion of men were on RASi treatment
(56% of men versus 47% of women) and statins (38% of
men versus 29% of women). Although the use of these
medications was higher in subgroups with guideline-
recommended indications, the proportion of treated women
was lower than the proportion of treated men (Table 4).
Women had lower odds of receiving RASi; for instance,
among patients with diabetes and albuminuria A2, the unad-
justed OR comparing women to men was 0.72 (95% CI, 0.64
to 0.81, Table 4). In addition, women had lower odds of being

Sex Differences in CKD Care 1907


http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
http://jasn.asnjournals.org/lookup/suppl/doi:10.1681/ASN.2022030373/-/DCSupplemental
https://www.jasn.org

| CLINICAL EPIDEMIOLOGY | www.jasn.org

“AoueuBijew pue ‘aseasip Aleuow|nd 8A12NIISCO JIUOIYD ‘IIUSWSP ‘9SeasIP Je|NdSeA0IqaIaD ‘aseasip Jejnosen |etaydiuad ‘ain|ie) Lesy aAI3saBuoD ‘Uonalejul [elpiedoiw

‘salaqelp ‘uoisuapadAy quswulene [euonesnpae 1saybiy ‘|esajel 104 eLSIId QDI ‘|esa)el jo AIolsiy ‘Y409 (€Y 'ZV ' LV eHnuiwng]e ‘1sa) ou) A1o6a1ed eunuiwnge Juawainseaw auluneald je abe oy boums.ﬁiv
‘s1eak g< obe pue ,w g/°| Jod ulw/|w 0g> Y4D® 10 'sieak gg< abe pue joww/Bw 0| < onel dujuReaI-UILING|e 'sJeek 0g—0G @6e pue £y eunulwNg|e ‘sieek OG> bk Jo uoued [ensel [euoibei Bunss,

‘uoisuspadAy Aioroelel pue @D 40 ‘g BUNUIWNG|e jo ddudsaid ‘,w /"] 1od Ulw/|w 0g> Y4D? J0 UOLBIID [eLRR1 ODIAN Bunesing

PRUIQUIOS g PUEB gV BLNUILNG|V,
'sawodINQ |eqo|o) Buiroidwi :aseasiq Aeupiy ‘OO ‘Huspuadap siskjelpuou ‘g ‘oseasip Jejndsenoipied ‘qAD

5|edlajal Uo)

100'0> (69°0-£5°0) €9°0 100°0> (€9°0-2¢S°0) LSO (S8—€'L) %b6'L (L'yL=£21) %YEL VA A} sl [euoibas Bunssy
qlBli8y81 Jo}
100'0> (¥£°0-€9°0) 89°0 100°0> (€9°0-€5°0) 850 (€ L1'9) %89 (6'L1-601) %V LL 910'8¢ euald OO|ay Bunesy
100'0> (LL0-29°0) 690 100°0> (9£°0-19°0) 890 (C-2'S) %L'S (L'8=L1) %T8 816'0C LEHMNUING |
€00 (£L6'0-€9°0) 840 100°0> (€8'0-¥S°0) £9°0 (0ve-L'L1) %8°0¢ (§'2€-€92) %62 oSl aNgo
L00'0> (82°0-09°0) 69°0 100'0> (L9°0-£¥"0) €570 (7'01=9'8) %S'6 (9°£1-2°GL) %V 9L 108 143
100'0> (¥9°0-2S°0) 850 100°0> (LV'0-6£0) €V'0 (9€-1'€) %CT (8'£-6'9) %YL 066'LE Sia)
L00'0> (85°0-0S°0) ¥S°0 100°0> (Ly'0-L¥0) ¥¥'0 (€1-2L) %L (62-1L2) %8'C 688'S/1L egon
KioBaied 3D Ag
L00'0> (S9°0-¥S°0) 650 100°0> (LS'0-€¥°0) L¥'O (1Z2-8'L) %6'L (¢v—-8€) %0V £19'8L and
100'0> (9£°0-29°0) 69°0 100°0> (19°0-0S°0) SS°0 (L'€-L2) %b6'C ¥'S—8'Y) %lL'S [89'LY s91eqelqg
L00'0> (§9°0-£5°0) L9°0 100'0> (67°0-€¥°0) 970 (02-8'L) %6'L (Cv=6€) %OV vLE'VEL uoisuepadAy
sanIpigiowod jo aoussaid Ag
L00'0> (¥S°0-S¥°0) 610 100'0> (05°0-2¥°0) S0 (€1="1) %L (8°2-6'2) %9'C LSY'ELL SL<
100°0> (89°0-95°0) L9°0 100°0> (S5°0-9¥°0) 050 (¢2-6'1) %0C (CV=1€) %6'€ 6S€'L9 S/.~S9
L00'0> (89°0-85°0) £9°0 100'0> (65°0-05°0) ¥S°0 QVv—0) %EV (08-€L) %L'L LES'ZY §9>
JK 'saliobaled abe Ag
L00'0> (19°0-6S°0) 850 100'0> (87°0-€¥°0) 90 (02-6'L) %0C (V-0 BTV Lve'L1Le [1B4dAO
UB|A] SNSIBA USWOA UBJA| SNSISA UBWOAA s|enpIAIpu|
anjep d anjep d UBWIOAA us|nl
pdH paisnipy _ UH paisnipeun j0 JaquinN
Kiobared

1s16ojoydaN e BunisiA Jo (1D %S6) serewns3
82UBpIdU| dAIRRINWND YIUOIA-8 |

SYIUOIAl 81 IX3N aY3 ul 1sibojoaydaN
e BunisiA 40 (19 %S6) ¥H

usw yum pasedwiod uswom ‘710z 01 6002 Wol4 UoiBal wioy201g ay) Ul [edsasel IsiBojoaydau jo Aioisiy ou yum sienplaipul

Buowe ,w g/°| 4od uiwy/|w 09> JUBWLSINSEIW YD ISIly WOLL SYIUOW g| Ixau ay3 ul 1sibojosydau e Buiisia o soneu piezey pue dduspidul 8ARINWIND g d|qeL

1903-1914, 2022

JASN 33

JASN

1908


https://www.jasn.org

www.jasn.org | CLINICAL EPIDEMIOLOGY |

‘s1eak 0g< obe pue jw g/°| J1od uiw/|w 0g>Y4D? 10 'sieak 0g< abe pue joww/Bw 0| < onel suuReaI-UIWNG|e ‘sJeek 0g—0S 86e pue £y euUNuIwNg]e ‘s1eek OG> Bk Jo uouad [ensal jeuoibes Bunss,
‘uoisuspiadAy Aio1deiyes pue gy 4o ‘g eunulwng|e jo ddussaid ‘ w g/ | Jod uiwy/|w 0g>Y4 D@ JO UoLLD [euidjes ODIdN Bunes
PRUIQUIOS £ pUB gV BUNUIWNG Y,
‘Juspuadap sisAjeip—uou ‘gN ‘sewodinQ |eqo|o) Buirosdw :esessiq Asupiy ‘ODIQ) ‘9sessip Jejnaseroipied ‘gAD

100°0> (88°0 01 6/°0) €80 (066G 03 2°9S) %9°LS  (0°S9 03 §°Z9) %L'EY 100°0> (06°0 01 €8°0) 98°0 (7°'G6 O L'16) %876 (€796 01 T°G6) %8'G6 9050l pauajal Ajsnolnaig
NI ITT=IEM )
L00'0> (9£°0010£°0) €£°0 (9°'0% 01 9'8€) %96E  ('LS O 9'6¥) %S 0S 100'0> (€6'0 01 £8°0) 060 (68 010'88) %988  (L'16 0 L'06) %T L6 6£2'Le |euoiBau Bunesy
gleHa4a1 1o} LB
L00'0> (S£0011£°0) €0 (L'LY 03 G'6E) %EOY ('S O £'6¥%) %S 0S 100'0> (¥8'0 01 18°0) ¢80 (266 01 7'26) %86 (€756 O L'V6) %0'G6 z59'ce ODIay Bunesy
100°0> (L6'0 03 ¥8°0) £80 (7°6G 03 G°/S) %¥'8S (79 01 9°29) %¥'E9 100°0> (98°0 03 28°0) ¥8°0 (£°€6 01 8°26) %EE6 (€56 O3 9'V6) b6 V6 966'7C LHNUIWNg Y
2000 (#6001 ¥£°0) €80 (1601 0'SY) %L'8Y  (0°9G 01 9°0G) %V'ES €900 (00°1 ©368°0) 260 (9°G6 01 £'26) %EV6  (9°G6 O L'€6) %S V6 L2€C aNGD
L00'0> (L£°00129°0) 99°0 (E'VE 01 £'1E) %OEE  (P'SP 01 9°2h) %0'ti 100'0> (8£°0012L0)SL0 (L1601 1°06) %606 (6176 03 9°€6) %EV6 €LL6 1)
100°0> (¢£°00199°0) 690 (L2 0y ¥'92) BL'LT  (T°9€ O L'VE) % GE 100°0> (S£003y2L0) €L0 (706 01 §°68) %668  (G°€6 0 L'26) Wl'EL L0Z'vE qeo
L00'0> (080 03 8£°0) 6£°0 (282 01 9°/2) %6°LZ  (9°EE 01 6°CE) %E'EE 100'0> 9400+ ¥£°0) SL0 (798 01 0'98) %98  (£'06 ©} £°06) %506 ovs'L8l een
KiobBeyes @y Ag
100°0> (9£°001r2£°0) ¥2°0 (92 01 €'G2) %8'GZ  (Z'€E 01 £°2€) %L'TE 100°0> (08°0 21 8/°0) 6£°0 (7'06 01 8°68) %L'06  (€'€6 01 8'26) %0'EL €61'28 and
L00'0> (#8°0 ©3 08°0) 280 (L°6¥ 02 ¥'8Y) %L°6y  (L'SS O} ¥'%S) %L'SS 100'0> (08'00% ££0) 840 (666 01 T°€6) %GE6 (956 01 L'S6) %E'Gh oLL'vy se1eqelq
100'0> (927001 €£°0) 20 (60€ 01 0°0€) %90E  (S'8E 01 8'/E) %T'8E 100'0> (92001 6£0)SL0 (8768 01 7°68) %968  (L'€6 01 £'26) %626 889'LylL uoisuapadAy
saipigiowod Jo aouasaid Ag
100°0> (6£°0019£°0) LLO (€2 0} £'22) %0'€EZ  (2'8C O ¥'LT) %8’ LT 100°0> (£L200YG2°0) 920 (€7£/801898) %0'/8  (L'L6 O §06) %806 260'LLL SL<
100'0> (€80 01 6/°0) L8O (8°€E 01 £°2E) BE'EE  (0°6E O 6°LE) %P'8E 100°0> (#2001 1£°0)2L0 (088 01 €7/8) %L L8  (G57T6 O 6°L6) %C' T €86'€9 S/—S9
100°0> (£8°0 01 28°0) ¥8°0 (S£€ 01 €9€) %69€  (L'ZF 01 6°0V) %S’ LY 100'0> (18'0 0+ 8/°0) 6£°0 (9°98 01 £'G8) %Z'98  (G'06 O} 8'68) %006 CLL9Y S9>
A 'saliobored abe Ag
100°0> (82°00162°0) 940 (7'82 03 6°£2) %L'8Z (7€ O L'VE) %EVE 100°0> (92003 ¥/°0) SL°0 (18 01698) %L'L8 (€16 01 0°06) %lL'L6 Lv8'[TT |[BI9AO
UBA| SNSIBA UBWO, UB|A] SNSIBA UBWIO, s|enpiAlpu
anjeA d w_\_,_I _uwum:.:um:3>> UBWOAA uay anjeA d “,_I _owums__um:D>> UBWOA\ us *M ‘_HAE_”L
(1D %56) se1ewns3 (ID %S6) serewnsy KioBare)

(1D %S6) ¥H

35uspidu| dAE|NWND YIUOA-G |

(1D %S6) ¥H

3dUapIdu| dAE|INWND YIUOA-8 |

eLNuUIWNG|Y JO JUSWAINSEa|N

auuleal) JO JUBIBINSEDIN-Y

usW YHm paedwod UsWOM ‘£ 10Z 03 6002 Wol4 uoIBas WIoyPoIs dyy Ul ,w £/ | 4ad uiw/|w 09>
1UsWaINSEaW Y40 1541} WO SYIUOW G| IXSU 8Y1 Ul BLINUILING | JO 1USWSINSesW 10 SUlui1eaJd JUSWSINSeawWw-al JO Sollel piezey pue asuspidul sAlle|nwn) ¢ a|qel

1909

Sex Differences in CKD Care

1903-1914, 2022

JASN 33


https://www.jasn.org

CLINICAL EPIDEMIOLOGY | www.jasn.org

Table 4. Differences in odds of being on RASi or statin treatment at first eGFR measurement <60 ml/min per 1.73 m? in the
Stockholm region from 2009 to 2017, women compared with men

Proportion of
Patients Treated

Odds (95% ClI) of Receiving
Guideline-Recommended Medications

Category
Number of Men  Women Unadjusted OR P Value Adjusted OR?® P Value
Individuals Women versus Men Women versus Men
RASI
Overall 227,847 56.2%  46.7% 0.68 (0.67 to 0.69) <0.001 0.68 (0.66 to 0.69) <0.001
Among people with diabetes 7688 81.2% 76.6% 0.72 (0.64 to 0.81) <0.001 0.68 (0.59 to 0.77) <0.001
and albuminuria A2
Among people with 8506 782%  66.4% 0.60 (0.54 to 0.65) <0.001 0.68 (0.61 to 0.76) <0.001
albuminuria A3
Statins
Overall 227,847 38.2%  28.8% 0.65 (0.64 to 0.67) <0.001 0.78 (0.76 to 0.79) <0.001
Among people 217,384 39.6%  29.7% 0.64 (0.63 to 0.66) <0.001 0.80 (0.78 to 0.82) <0.001
aged =50 yrs
Among people
aged 18-49 yr with
Coronary disease 166 74.6%  60.4% 0.54 (0.27 to 1.09) 0.09 0.41 (0.15 to 1.12) 0.08
Diabetes 939 451%  34.1% 0.63 (0.48 to 0.82) 0.001 0.74 (0.55 to 0.99) 0.05
Prior ischemic stroke 174 46.4%  33.9% 0.62 (0.33 to 1.17) 0.14 0.62 (0.27 to 1.42) 0.26

“Adjusted for age at creatinine measurement, albuminuria category (no test, alouminuria A1, A2, A3), eGFR, history of referral, KDIGO, Kidney Disease: Improving
Global Outcomes (KDIGO) criteria for referral, highest educational attainment, hypertension, diabetes, myocardial infarction, congestive heart failure, peripheral
vascular disease, cerebrovascular disease, dementia, chronic obstructive pulmonary disease, and malignancy.

on statin treatment. In trend analyses (Supplemental Figure 2,
Supplemental Table 10), these differences of RASi and statin
use persisted over time.

Supporting Analyses

In total, 5906 men (6%) and 4600 women (4%) visited a
nephrologist before the index date. Among people under-
going remeasurement of creatinine, 80,761 had another
eGFR<60 ml/min per 1.73 m® between 3 and 18 months
after the index date (i.e., had confirmed CKD), on the basis
of the first available creatinine measurement in that time
period. This was observed in 46% of retested men and 42%
of retested women. In both these subgroups (people
referred or with confirmed CKD), the performance of
nephrology care indicators was slightly better than that
observed in the cohort overall, but sex differences persisted
throughout most strata (Tables 1 and 3, Supplemental
Tables 4, 11, 12 and 13). Results were also similar when
using the Lund-Malmo eGFR equation (Supplemental
Table 14), when additionally adjusting for creatinine levels
(Supplemental Table 15), and before/after the implementa-
tion of automatic eGFR reporting (Supplemental Table 16);
in all these analyses, we observed some attenuation in the
differences observed, but differences remained.

DISCUSSION
In this study of people with probable CKD, we observed

profound sex differences in detection, recognition, and
monitoring that persisted over time: women were less likely

1910 JASN

to receive a CKD diagnosis, to visit a nephrologist, to have
their creatinine and albuminuria measured, or to receive
guideline-recommended therapies. These differences were
similarly observed among high-risk groups, among people
with evidence-based indications for medications, and among
people with confirmed CKD at retesting.

We are not aware of other studies focusing on this issue
in the general population. Administrative databases are cul-
turally bounded, and we recognize this is a study of practices
in Stockholm between 2009 and 2017. We do not know
whether our findings are generalizable until these issues are
assessed in other health systems. However, we have found
isolated observations, often anecdotal or reported as second-
ary findings in reports from the United Kingdom,>*"***
Canada,>*>? and the United States,?**"*7¢ that support the
existence of such sex gaps. We present unadjusted data
because the variable “sex” cannot be confounded (i.e., other
biologic or social factors do not exert causal influence on a
person’s sex). We recognize, however, that the effects of sex
or gender on outcomes can be mediated by individual and
societal structural biases that our study could not account
for—for example, if individual women are less likely to seek
referral or if clinics are less likely to accept referrals of
women. We explored multivariable adjustment to examine
whether differences in comorbidity explained the differences
observed. In general, these analyses showed some attenuation
of the effect, suggesting that appropriate factors are being
taken into consideration in clinical decisions. However,
adjustment did not abrogate the sex differences reported.

Issuing a diagnostic code is relevant beyond reimburse-
ment purposes. Previous studies show that among persons
with objective laboratory evidence for CKD, those with a

JASN 33: 1903-1914, 2022
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diagnostic code were more likely to achieve quality of
nephrology care indicators®* and less likely to receive neph-
rotoxic medications.”” Monitoring of eGFR and albumin-
uria in people at risk is reccommended by major guidelines'
because of the opportunity to implement therapies that
slow kidney damage and reduce cardiovascular risk.’® RASi
decreases albuminuria, reduces the rate of eGFR decline,*'
reduces ESKD in people with albuminuria,*” and reduces
cardiovascular outcomes.*’ Statins reduce cardiovascular
events.** All these indicators and medications scored worse
for women, through all albuminuria categories and among
people with indications for treatment, monitoring, and
diagnosis.

We observed high rates of creatinine testing, which con-
trasted with low rates of albuminuria testing, but in both
cases, women were disadvantaged. We speculate that creati-
nine is measured routinely for many indications, and
although this information is stated in the health care records,
it may not be interpreted as a marker of kidney disease that
requires evaluation and follow-up, especially in older adults.
Interpreting creatinine as an indicator of kidney function
may be problematic: at the same level of creatinine, men
have better kidney function than women because of higher
muscle mass on average and increased endogenous creatinine
production.*” To some extent, this disparity is mitigated by
the use of eGFR, which includes a term for sex and produces
output that is adjusted for body size. Because physicians may
lack the time to calculate eGFR, automatic eGFR reporting
has been implemented in many health systems to facilitate
CKD detection and monitoring.** We did observe some nar-
rowing in the sex gap after adjusting for creatinine, or after
the implementation of automatic eGFR reporting in our
health system. However, differences persisted.

Among those who satisfied guideline-recommended cri-
teria for nephrologist referral, fewer women than men vis-
ited a nephrologist, even among those who had CKD
confirmed with repeated testing. Late referral to nephrology
units has been associated with faster disease progression
and worse outcomes,”’” and in our data sex-related differ-
ences in referral patterns, although somewhat attenuated
with increasing severity, were large. It has been argued that
nephrology units lack the capacity to accommodate so
many patients with CKD, and that management is best
decentralized, with larger responsibility for primary health
care settings. This is the case in Sweden, and in this regard,
we note that our study can only quantify accepted referrals
that lead to a visit. This may be only a portion of all refer-
rals, because of referral triage by nephrologists, and nonad-
herence by patients. Nephrologists may also give advice to
the general practitioner regarding monitoring of kidney
function or implementation of therapies, or evaluate the
condition with all available data, including imaging, with-
out necessarily physically seeing the patient. However,
whether this advice took place, women meeting objective
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criteria for referral in terms of albuminuria and eGFR level
were still disadvantaged. This suggests that some of the pre-
viously observed differences in the proportion of men and
women at referral might reflect negative selection of
women for referral by primary health care providers. To
mitigate the possibility of lack of resources in nephrology,
to risk-stratify individuals and identify those at high risk
for progressive disease, and to increase the appropriate pre-
scribing of RAS], it is essential that albuminuria testing is
more widely undertaken, in both men and women.

We observed that the disadvantage to women was less
pronounced among people with more severe CKD and it
affected prescribing perhaps less than it affected recogni-
tion, remeasurement, and referral. It is possible that stron-
ger indications for recognition and action may partially
overcome whatever biases lead to under-recognition and
undertreatment. However, large effects persisted: for exam-
ple, women with G5ND CKD were 23% less likely than
men to see a nephrologist during follow-up. We think it is
unlikely this reflects competing risk of death, which has
been reported to be lower in women with CKD compared
with men.** The finding of a lower proportion of women
starting dialysis in a given time period or the finding of
lower GFR at initiation in women®® may reflect increased
time-to-event rather than fewer lifetime events. More likely
these strong and pervasive effects are social: they demand
further study and mitigation.

A strength of our study is the complete health care cov-
erage and richness of information from a region with uni-
versal tax-funded health care. This may minimize health
care access bias, which in nonsubsidized health systems has
been shown to negatively affect women with CKD.****® Our
study also has limitations. By identifying CKD from a sin-
gle eGFR test we may have misclassified some patients.
However, requiring a confirmatory eGFR would have inva-
lidated our evaluation of laboratory monitoring rates.
Furthermore, our findings were similar in those with con-
firmed CKD. Because we measured completed actions—a
nephrology visit completed, laboratory tests performed, and
prescriptions filled—it is possible that sex differences in
adherence led to some of the observed differences. A Swed-
ish survey suggests that for prescription medications, men
are more likely than women to forget to pick up a prescrip-
tion, and women are more likely than men to pick up a
prescription, but not take the medication.*” If so, true dif-
ferences might be larger than we estimated. However, the
outcome “diagnosis of CKD” is not subject to any adher-
ence effect and shows a strong effect of sex. Finally, we are
unable to explain these effects beyond conscious and un-
conscious bias on the part of health care professionals.

To conclude, this study observes profound sex differences
in recognition, specialist care access, monitoring and manage-
ment of CKD that are not explained by differences in comor-
bidity. We believe that efforts to improve this and ensure
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equitable care between sexes could have important implica-
tions for justice and could reduce the burden of CKD.
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category. The ORs are presented in Supplemental Table 10.
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