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Aims The prevalence of chronic limb-threatening ischaemia (CLTI) is increasing and available data often derive from
cohorts with various selection criteria. In the present study, we included CLTI patients and studied sex-related
differences in their risk profile, vascular procedures, and long-term outcome.

Methods
and results

We analysed 199 953 unselected patients of the largest public health insurance in Germany (AOK: Local healthcare
funds), hospitalized between 2010 and 2017 for a main diagnosis of CLTI. A baseline period of 2 years before index
hospitalization to assess comorbidities and previous procedures, and a follow-up period until 2018 were included.
Female CLTI patients were older (median 81.4 vs. 73.8 years in males; P, 0.001) and more often diagnosed with
hypertension, atrial fibrillation, chronic heart failure, and chronic kidney disease. Male patients suffered more fre-
quently from diabetes mellitus, dyslipidaemia, smoking, cerebrovascular disease, and chronic coronary syndrome
(all P, 0.001).Within hospitalized CLTI patients, females represent the minority (43% vs. 57%; P, 0.001) and during
index hospitalization, women underwent less frequently diagnostic angiographies (67 vs. 70%) and revascularization
procedures (61 vs. 65%; both P, 0.001). Moreover, women received less frequently guideline-recommended drugs
like statins (35 vs. 43%) and antithrombotic therapy (48 vs. 53%; both P, 0.001) at baseline. Interestingly, after in-
cluding age and comorbidities in a Cox regression analysis, female sex was associated with increased overall-survival
(OS) [hazard ratio (HR) 0.95; 95% confidence interval (CI) 0.94–0.96] and amputation-free survival (AFS) (HR 0.84;
95% CI 0.83–0.85; both P, 0.001).

Conclusion Female patients with CLTI were older, underwent less often vascular procedures, and received less frequently guide-
line-recommended medication. Nevertheless, female sex was independently associated with better OS and AFS dur-
ing follow-up.
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Key question
Analysis of sex-related differences in patients with chronic limb-threatening ischaemia (CLTI), with a focus on their risk profile, treatment,
and long-term outcome.

Key finding
Female CLTI patients were older, underwent vascular procedures less often, and received less frequently guideline-recommended drugs,
but female sex was associated with better outcome.

Take-home message
Chronic limb-threatening ischaemia should be considered as a multi-organ disease with an ever increasing prevalence and a poor prognosis.
Chronic limb-threatening ischaemia patients partly do not receive optimal therapy, and this is more prominent in females.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Structured Graphical Abstract An analysis of 199 953 unselected CLTI patients of the largest public health insurance in Germany
(AOK) showed that female CLTI patients were older and display the minority of the hospitalized CLTI patients. During index hospitalization
and during follow-up period, women underwent less frequently any vascular procedure (diagnostic angiography or revascularization pro-
cedures) and, moreover, received less frequently guideline-recommended drugs like statins or antithrombotic therapy. Interestingly, after
including age and comorbidities in a Cox regression analysis, female sex was associated with increased OS and AFS.

Keywords Overall-survival • Amputation-free-survival • LEAD • CLTI • Sex differences • Outcome research

Introduction
The prevalence of lower extremity artery disease (LEAD) is increas-
ing and affecting approximately over 200 million people worldwide.1

LEAD is caused by atherosclerotic-induced narrowing or occlusion
of the arteries in the lower limbs (LL) leading to impaired blood
flow.2 Symptoms can vary from intermittent claudication (IC) to

chronic limb-threatening ischaemia (CLTI) with rest pain, ulcerations
or gangrene.3

In 2009, it was recorded that 3% of all hospitalizations in
Germany were due to LEAD, while accounting for 4.8% of all ex-
penses,4 impressively demonstrating the high financial burden for
health systems. The Heinz-Nixdorf recall study showed a preva-

lence of LEAD in men of 3% in the age group 45–49 years,
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increasing to 18.2% in patients between 70 and 75 years (for wo-
men: 2.7% in patients 45–49 years old and 10.8% in patients be-
tween 70 and 75 years), this points out that age is at least one
risk indicator for LEAD.5 Furthermore, several cardiovascular
risk factors (CVRFs) like hypertension, dyslipidaemia, smoking,
or diabetes mellitus (DM)6–10 are more common in patients
with LEAD. Beyond that, LEAD patients have a three- to six-fold
higher risk for the development of atherosclerotic diseases like
chronic coronary syndrome (CCS) and cerebrovascular disease
(CVD),11,12 since the prevalence of CCS is up to 90% in CLTI pa-
tients, while CVD occurs in 60% of the patients.13 Furthermore, the
fact that most LEAD patients present with at least one or more
other cardiovascular manifestations increases the risk for major ad-
verse cardiovascular events (MACE).13–15 Moreover, LEAD patients
have a poor prognosis in terms of amputation of the LL and mortality
rates. While the mortality rate of IC patients at the Rutherford stage
(RF) 1–3 is �20% 4 years after diagnosis,16,17 the rate is rising to
40.1% in RF 4, 55.0% in RF 5, and 68.5% in RF 6.16,18 The 4-year am-
putation rate of the LL in patients with IC (RF 1–3) is�5% and is also
increasing in CLTI patients (12.1, 35.3, and 67.3% in LEAD patients at
RF 4, 5, and 6).16 These data indicate the high psychological strain in
this patient group, especially in patients with CLTI.
It is assumed that the prevalence of LEAD, based on the

ankle-brachial index (ABI), is equal in both sexes. This is probably
caused due to the fact that women more often present with border-
line ABI and longer symptom-free periods compared with their male
counterparts.19–21 In IC patients, approximately two-thirds of the pa-
tients are male,22,23 while in CLTI patients, the prevalence is only
marginal lower in women comparedwithmen.16,24–26 Various studies
have shown that women are older23,27,28 and older patients, as well
as women, receive less often guideline-recommended medication.29

In addition, women receive less often any revascularization, while en-
dovascular approaches were more often in female patients. In con-
trast, atherectomy, the use of stents and open surgical
revascularization was more common in men.23,24,30

Most clinical trials include only small patient cohorts and, more-
over, women are often underrepresented in these trials.29,31

Different groups focused on secondary data analysis with mostly
other inclusion criteria. For example, there exist secondary data
analyses, which include outpatient data of LEAD patients,32 hospi-
talized LEAD patients with the performance of vascular proce-
dures,27,28,30 or include only the index hospitalization without
any follow-up period.33 This leads to limited knowledge about
the impact of sex on diagnosis, therapy, and outcome in CLTI pa-
tients. For a better understanding of these special groups, we ana-
lysed health claims data of the largest public German insurance.

Methods
Anonymized patient data were retrieved from the AOK (Allgemeine
Ortskrankenkasse) Local healthcare funds (in the following described
as AOK); a system of 11 regional health care funds in Germany, with
more than 26 million insured persons (corresponding to 26 560559 in-
surance years; data from 2018). Enrolment in the AOK is open to any
inhabitant regardless of region, profession, income, age, or health sta-
tus. Data of 199 953 patients with an index hospitalization, due to a
principal diagnosis of CLTI (RF 4–6), between 1 January 2010 until

31 December 2017 were included. The data included all in- and out-
patient data 2 years prior index hospitalization and a follow-up period
until 31 December 2018 (see Supplementray material online, Figure S1).
For analyses of main and secondary diagnosis, the ICD-10 German
Modification (ICD-10-GM) was used. For analyses of vascular proce-
dures, the German procedure classification system (OPS) was consid-
ered. For analyses of prescribed pharmaceuticals, the anatomical
therapeutic chemical classification system (ATC) was used (for distinct
codes, see Supplementary material online, Table S1; for further details,
see Reinecke et al.16). The institutional review board has been in-
formed and approved unreserved usage of the retrospective anon-
ymized data sets provided by the research institute of the AOK
(WIdO; file reference: 2019-212-f-S; ethics committee Muenster,
Germany).

Patient cohort
All patients aged ≥18 years, with a principal diagnosis of LEAD at RF
4–6 in the index period from 1 January 2010 to 31 December 2017,
were included for further analyses. If a patient was repeatedly hospita-
lized during the index period, only the first hospitalization was used as
index hospitalization. Patients with implausible or incomplete data, like
implausible entry or discharge dates, implausible date of death or birth,
a gap of the insurance coverage during baseline, implausible sex in their
patient file during baseline, or index hospitalization were excluded. If
incomplete data were noticed during follow-up, the patient was cen-
sored from this time point ongoing.

Baseline characteristics for each selected patient were requested 2
years prior index hospitalization including CVRFs and comorbidities, as
well as vascular procedures were included, if encoded at least once
during in- or outpatient area. This proceeding was also applied to
the index period and follow-up. Prescribed medication at baseline
was recognized, if it was encoded at least two times in two different
quartiles. During follow-up, one prescription during index or follow-
up period was counted for the distinct medication.

As primary endpoints, the overall-survival (OS), amputation-free-
survival (AFS), and freedom from amputation were defined.
Moreover, complications including acute myocardial infarction
(AMI), bleeding, infection or acute renal failure, as well as the need
for vascular procedures and prescription of guideline-recommended
medication were used as secondary endpoints.

Data availability
The authors confirm that the data utilized in this study cannot be
made available in the manuscript, the Supplementary material online,
or in a public repository due to German data protection laws
(‘Bundesdatenschutzgesetz’, BDSG). Therefore, they are stored on a
secure drive in the WIdO, to facilitate replication of the results.
Generally, access to data of statutory health insurance funds for re-
search purposes is possible only under the conditions defined in
German Social Law (SGB V § 287). Requests for data access can be
sent as a formal proposal specifying the recipient and purpose of the
data transfer to the appropriate data protection agency. Access to
the data used in this study can only be provided to external parties un-
der the conditions of the cooperation contract of this research project
and after written approval by the sickness fund. For assistance in ob-
taining access to the data, contact wido@wido.bv.aok.de.

Statistics
The endpoints OS, AFS, and freedom from amputation were analysed
using multivariable time-dependent Cox regression models in a full
model (all patients) and with sex-interaction terms for each risk factor.
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The models for freedom from amputation considered death as a com-
peting risk in contrast to the AFS models, which included death in the
endpoint. For this purpose, we used Fine and Gray’s method to esti-
mate sub-distributional hazard ratios (HRs) in the AFS model.

The models included risk profiles of patients at baseline and add-
itionally time-dependent occurrence of comorbidities or procedures
in the follow-up period. As our primary objective, differences in the
features of the outcomes between female and male sex were analysed.
Thus, we evaluated the interaction of sex with all variables in the Cox
regression models. Two-sided P-values for the test of interaction of
the two models were jointly adjusted using the Benjamini–Hochberg
procedure34 to control the false discovery rate (FDR) with respect
to the multiple testing problem. False discovery rate-corrected
P-values—denoted with Pint—will be discussed and presented in the
Supplementary material online. Additionally, we will quote the un-
adjusted two-sided interaction P-values for all models in the
Supplementary material. All presented confidence intervals (CI) are
standard unadjusted and all P-values relating to non-sex-interaction
terms, i.e. the main effects in the full models or the effects in the sub-
groups, are two-sided, purely descriptive and unadjusted. We also cal-
culated a sex-specific HR, which summarizes the sex-interaction
terms, by a joint full model Cox regression with all comorbidities,
but without additionally gender-interaction terms.

We also performed various secondary, explorative analysis. The
30-day mortality, amputation rate, and mortality or amputation
were analysed using multivariable logistic regression models.

The 2 year event rates of vascular procedures were estimated with
competing risk models by calculating the cumulative incidence, where
death was considered as a competing risk.

OS and AFS rates were estimated with a Kaplan–Meier estimator
and the freedom from amputation rate was estimated with a cumula-
tive incidence estimator, where death was considered as a competing
risk for several time points (30 days, 1, 2, 5 years).

Furthermore, we calculated for these time points risk ratios with
95% confidence intervals based on 10 000 parametric bootstrap sam-
ples obtained from the Gaussian distribution of the respective esti-
mated rates. Descriptive qualitative data were tested via two-sided
χ2 test and quantitative data were tested using a two-sided
Wilcoxon test. All secondary P-values of the test procedures de-
scribed above are purely descriptive and unadjusted.

Hazard ratio and unadjusted 95% CI for all features in the subgroups
are shown in the graphs. Inferential statistics are intended to be ex-
ploratory (hypotheses-generating), not confirmatory, and are inter-
preted accordingly.

As a further sensitivity analysis, we repeated the above analyses with
a matched cohort by age and RF. Patients were first stratified into sub-
groups defined by integer age in years and RF. Within each separate
subgroup, an Optimal Full Matching algorithm was applied, accounting
for the Euclidean distance of the patients’ exact age in days.35 Thus, all
matched partners have the same RF, and the age of matched partners
differs by maximal 1 year. Statistical analyses were performed using the
R version 3.6.0 (2019-04-26), R Foundation, Vienna, Austria.

Results
We identified 199 953 patients, who were hospitalized due to a
main diagnosis of CLTI between 1 January 2010 and 31
December 2017. We analysed baseline characteristics 2 years
prior to index hospitalization and included a follow-up period until
31 December 2018. The median follow-up was 5.3 years, with an
interquartile range (IQR) of 4.1 years.

In the entire cohort, more male patients were hospitalized due
to CLTI (43% female vs. 57% male), while female CLTI patients
were older (median: 81.4 vs. 73.8 years, P, 0.001). The analysis
of CVRFs and comorbidities showed that male CLTI patients
were more often diagnosed with DM, dyslipidaemia, smoking,
CVD, CCS, as well as previous AMI, and stroke. Female CLTI pa-
tients showed higher prevalence of hypertension, chronic heart
failure (CHF), atrial fibrillation (AF) and flutter (AFI), and chronic
kidney disease (CKD) in the unadjusted cohort (Table 1). A matched
analysis showed higher prevalence of all cardiovascular risk factors
and comorbidities in male patients, except hypertension, and obesity
(see Supplementary material online, Table S2). Previously performed
diagnostic angiographies had been applied in one-quarter of the pa-
tients, and previously performed revascularizations only in 17% of
CLTI patients, both more often in male than in female CLTI patients.
Moreover, the prescription of lipid-lowering drugs (statins) were
present in nearly 40% of CLTI patients, while a little more than
half of the patients received antithrombotic therapy (AT) and
around 70% an angiotensin-converting-enzyme inhibitor (ACEi) or
angiotensin II receptor blocker (ARB) before index hospitalization.
Both first-line recommended drugs (statin and AT) were significant-
ly more common in male compared with female CLTI patients,
while ACEi or ARB were more often prescribed in female patients
(Table 1, see Supplementary material online, Table S2).

In-hospital treatment and outcomes
during index hospitalization
At admission to index hospitalization, 28% of all CLTI patients suf-
fered from rest pain (RF 4), while 34% had minor (RF 5) and 38%
major (RF 6) tissue loss. More women were diagnosed at RF 5
(36% female vs. 32% male), while more men were diagnosed at
RF 4 (27 vs. 29%) and RF 6 (37 vs. 39%, all P, 0.001). In total,
69% underwent a diagnostic angiography and 63% received a re-
vascularization of the LL, both more frequently in male CLTI
patients. Interestingly, endovascular revascularization (EVR) of
the LL was equal between the sexes (42 vs. 41%), while vascular
surgery of the LL was more common in males (23 vs. 30%, both
P, 0.001). A matched analysis showed no difference in the per-
formance of any endovascular procedure, but female patients
received more often endovascular procedure, while vascular sur-
gery were performed more frequently in men (Table 2, see
Supplementary material online, Table S2).

The complication rates during index hospitalization showed no
significantly noticeable sex-related differences for acute renal fail-
ure or AMI, while both were more common in male patients after
age and RF adjustment. However, infections/sepsis was slightly
more frequent in male CLTI patients, while bleeding events oc-
curred more often in female CLTI patients. The amputation rate
of the LL during index hospitalization was at 19.2%, and more fre-
quent in male CLTI patients. Moreover, the 30-day mortality rate
was at 7.1% and significantly noticeable higher for female CLTI pa-
tients (Table 2). However, in the age- and RF-matched cohort as
well as after adjustment for age and comorbidities by logistic re-
gression analysis, the 30-day mortality showed no significantly no-
ticeable differences between the sexes. In addition, female sex was
associated with decreased risk of amputation of the LL and the
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combined endpoint of amputation of the LL or death (see
Supplementary material online, Table S2 and Table S3).
Both the reimbursement of index hospitalization and length of

stay were significantly noticeable smaller in female CLTI patients
compared with males, while the length of stay was equal in the
age- and RF-adjusted cohort (Table 2, see Supplementary material
online, Table S2).

Treatment during follow-up and
long-term outcomes
Two years after hospital discharge, approximately one-third of the
entire cohort needed subsequent diagnostic angiography and/or a
revascularization procedure, both less often performed in female
CLTI patients compared with male patients. Moreover, 57% of
the patients received a statin and 71% AT 2 years after index hos-
pitalization. Both prescription rates were significantly noticeable
higher in male CLTI patients than in female CLTI patients. The pre-
scription rate 1 year after index hospitalization was increasing from
2010 to 2017 for statins (41–51%) and AT (63–73%) and lower in

female patients. The prescription rate of ACEi/ARB was around
60% and was notably higher in women only in the age- and
RF-matched cohort (see Supplementary material online,
Figure S2). Furthermore, at 2-year follow-up, the rate of LL ampu-
tations was around 18% and lower for women. Moreover, the sec-
ondary endpoints acute renal failure and AMI were slightly higher
prevalent in male CLTI patients, while no sex-related differences
were observed for the endpoint ischaemic stroke (Table 3). All
trends were present in the age- and RF-matched cohort, too
(see Supplementary material online, Table S2).

The unstratified Kaplan–Meier estimators showed that OS was
around 72% 1 year after index hospitalization, decreasing with
longer follow-up (61% at 2-year and 37% at 5-year follow-up).
Female CLTI patients showed lower survival rates compared
with male patients (Figure 1A and see Supplementary material
online, Table S4) and the impression that the mortality was higher
in females was supported by the Kaplan–Meier curves independ-
ently of the RF (see Supplementary material online, Figure S3A–
D). But, when the entire cohort was classified in different age
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Table 1 Baseline characteristics

Total Females Males P-value

Patients, n (%) 199 953 (100.0) 85 923 (43.0) 114 030 (57.0)

Age, years, median (IQR) 76.9 (15.4) 81.4 (12.8) 73.8 (15.2) ,0.001

Cardiovascular risk factors, n (%)

DM 106 177 (53.1) 44 649 (52.0) 61 528 (54.0) ,0.001

Dyslipidaemia 114 896 (57.5) 46 914 (54.6) 67 982 (59.6) ,0.001

Hypertension 178 651 (89.3) 78 877 (91.8) 99 774 (87.5) ,0.001

Smoking 43 509 (21.8) 11 766 (13.7) 31 743 (27.8) ,0.001

Obesity 44 971 (22.5) 19 625 (22.8) 25 346 (22.2) 0.001

Cardiovascular comorbidities, n (%)

AF/AFl 64 634 (32.3) 29 556 (34.4) 35 078 (30.8) ,0.001

CVD 35 465 (17.7) 13 214 (15.4) 22 251 (19.5) ,0.001

CCS 94 647 (47.3) 37 089 (43.2) 57 558 (50.5) ,0.001

CHF 87 447 (43.7) 40 184 (46.8) 47 263 (41.4) ,0.001

CKD 94 188 (47.1) 43 190 (50.3) 50 998 (44.7) ,0.001

Previous AMI 20 965 (10.5) 7413 (8.6) 13 552 (11.9) ,0.001

Previous stroke 36 107 (18.1) 15 158 (17.6) 20 949 (18.4) ,0.001

Other comorbidities, n (%)

Malignancies 34 299 (17.2) 12 894 (15.0) 21 405 (18.8) ,0.001

Previous vascular procedures, n (%)

Prior any diagnostic angiography of the LL 52 729 (26.4) 19 961 (23.2) 32 763 (28.7) ,0.001

Prior any revascularization of the LL 34 326 (17.2) 12 771 (14.9) 21 555 (18.9) ,0.001

Prior EVR of the LL 23 058 (11.5) 8 585 (10.0) 14 473 (12.7) ,0.001

Prior vascular surgery of the LL 16 919 (8.5) 6 161 (7.2) 10 758 (9.4) ,0.001

Medication at baseline, n (%)

Any statin 78 908 (39.5) 29 858 (34.8) 49 050 (43.0) ,0.001

Any AT (VKA, NOAC, AP) 102 035 (51.0) 41 262 (48.0) 60 773 (53.3) ,0.001

Any ACEi or ARB 139 563 (69.8) 62 590 (72.8) 76 973 (67.5) ,0.001

The qualitative data were tested via two-sided χ2 test and the quantitative data were tested using a two-sided Wilcoxon test.
IQR, interquartile range; DM, diabetes mellitus; AF, atrial fibrillation; AFl, atrial flutter; CVD, cerebrovascular disease; CCS, chronic coronary syndrome; CHF, chronic heart
failure; CKD, chronic kidney disease; AMI, acute myocardial infarction; LL, lower limbs; EVR, endovascular revascularization; AT, antithrombotic therapy; VKA, vitamin K
antagonist; NOAC, new oral anticoagulant; AP, antiplatelet; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker.

Sex differences in CLTI 1763

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac016#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac016#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac016#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac016#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac016#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac016#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac016#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac016#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac016#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac016#supplementary-data


groups (≤39, 40–49, 50–59, 60–69, 70–79, 80–89, and≥90 years),
female CLTI patients showed a decreased mortality rate in all age

groups (Figure 1B–H). The Kaplan–Meier estimators of the age-

and RF-matched cohort showed higher mortality rates for men

(see Supplementary material online, Table S4). Moreover, almost

one-sixth underwent an amputation of the LL during the first
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Table 2 Treatment and outcome during index hospitalization

Total Females Males P-value

Primary diagnosis leading to index hospitalization, n (%)

RF 4 55 985 (28.0) 23 255 (27.1) 32 730 (28.7) ,0.001

RF 5 67 687 (33.9) 31 175 (36.3) 36 512 (32.0) ,0.001

RF 6 76 281 (38.1) 31 493 (36.7) 44 788 (39.3) ,0.001

Vascular procedures during index hospitalization, n (%)

Any diagnostic angiography of the LL 136 890 (68.5) 57 116 (66.5) 79 774 (70.0) ,0.001

Any revascularization of the LL 126 590 (63.3) 52 024 (60.6) 74 566 (65.4) ,0.001

EVR of the LL 82 842 (41.4) 36 027 (41.9) 46 815 (41.1) ,0.001

Vascular surgery of the LL 53 567 (26.8) 19 647 (22.9) 33 920 (29.8) ,0.001

Any amputation of the LL 38 352 (19.2) 14 382 (16.7) 23 970 (21.0) ,0.001

Complications during index hospitalization, n (%)

30-day mortality 14 172 (7.1) 7513 (8.7) 6659 (5.8) ,0.001

Acute renal failure 6916 (3.5) 3062 (3.6) 3854 (3.4) 0.026

AMI 3100 (1.6) 1243 (1.5) 1857 (1.6) 0.001

Ischaemic stroke 1897 (1.0) 856 (1.0) 1041 (0.9) 0.057

Infections/sepsis 5268 (2.6) 1973 (2.3) 3295 (2.9) ,0.001

Bleeding 37 522 (18.8) 17 195 (20.0) 20 327 (17.8) ,0.001

Reimbursement and length of stay

Reimbursement (€), mean (SD) 7205 (7.380) 6765 (6.373) 7536 (8.041) ,0.001

Length of stay (days), median (IQR) 15.2 (15.4) 14.6 (14.4) 15.6 (16.0) ,0.001

The qualitative data were tested via two-sided χ2 test and the quantitative data were tested using a two-sided Wilcoxon test.
RF, Rutherford stage; LL, lower limbs; EVR, endovascular revascularization; AMI, acute myocardial infarction; SD, standard deviation; IQR, interquartile range.
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Table 3 Outcomes at the 2-year follow-up

Total Females Males P-value

Vascular procedures during the 2-year follow-up, n (%)

Any diagnostic angiography of the LL 55 980 (28.0) 21 456 (25.0) 34 524 (30.3) ,0.001

Any revascularization of the LL 61 325 (30.7) 23 344 (27.2) 37 981 (33.3) ,0.001

EVR of the LL 40 988 (20.5) 16 029 (18.7) 24 959 (21.9) ,0.001

Vascular surgery of the LL 32 397 (16.2) 11 678 (13.6) 20 719 (18.2) ,0.001

Medication at 2-year follow-up (inclusive baseline), n (%)

Any statin 114 111 (57.1) 43 659 (50.8) 70 452 (61.8) ,0.001

Any AT (VKA, NOAC, AP) 142 026 (71.0) 58 196 (67.7) 83 830 (73.5) ,0.001

Any ACEi or ARB 157 196 (78.6) 69 051 (80.4) 88 145 (77.3) ,0.001

Outcomes at a 2-year follow-up, n (%)

Amputation of the LL, total 36 585 (18.3) 12 215 (14.2) 24 370 (21.4) ,0.001

Minor amputation of the LL 24 440 (12.2) 7286 (8.5) 17 154 (15.0) ,0.001

Major amputation of the LL 18 014 (9.0) 6659 (7.8) 11 355 (10.0) ,0.001

Acute renal failure 23 984 (12.0) 9649 (11.2) 14 335 (12.6) ,0.001

AMI 21 531 (10.8) 7547 (8.8) 13 984 (12.3) ,0.001

Ischaemic stroke 27 588 (13.8) 11 674 (13.6) 15 914 (14.0) 0.008

Data were estimated with competing risk models via cumulative incidence function, where death was considered as a competing risk.
LL, lower limbs; EVR, endovascular revascularization; AT, antithrombotic therapy; VKA, vitamin K antagonist; NOAC, new oral anticoagulant; AP, antiplatelet; ACEi,
angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; AMI, acute myocardial infarction.
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year after index hospitalization with rising values and the probabil-
ity for amputation was lower in female CLTI patients compared
with men (see Supplementary material online, Table S4 and
Figure S3E–H). In addition, age distribution and analysis of the
age- and RF-matched cohort showed the same trend between
the sexes (see Supplementary material online, Figure S4 and
Table S4). The Kaplan–Meier estimators of the combined endpoint
of amputation of the LL or death related to 40% of the patients,
without any major differences between the sexes during 1-year
follow-up (see Supplementary material online, Table S4 and
Figure S3I–L). If the entire cohort was divided into different age
groups (≤39, 40–49, 50–59, 60–69, 70–79, 80–89, and ≥90 years)
or matched for age and RF, female CLTI patients were at lower
risk for the combined endpoint amputation of the LL or death
(see Supplementary material online, Figure S5 and Table S4).
A multivariable Cox regression analysis including age,

non-time-dependent risk factors (i.e. previous AMI, previous
stroke, AF/AFI, dyslipidaemia, obesity, nicotine abuse, previous re-
vascularization procedure and hypertension), as well as time-
dependent factors (i.e. malignancies, revascularization procedure,
CHF, CKD, DM, and amputation of the LL) displayed the sex-
specific impact of these factors on long-term outcome. After
adjustment to age and patient comorbidities, female sex was asso-
ciated with improved long-term outcome, resulting in decreased
hazard (HR 0.95; 95% CI 0.94–0.96, P, 0.001). Furthermore, in
women, the probability to reach the endpoints amputation of
the LL (HR 0.67; 95% CI 0.66–0.69, P, 0.001) and the combined
endpoint AFS (HR 0.84; 95% CI 0.83–0.85, P, 0.001) was lower
(Figure 2; see Supplementary material online, Table S5).
Moreover, the multivariable Cox regression analysis showed that
a diagnosis of previous stroke, AF, nicotine abuse, CHF, CKD,
DM, and amputation of the LL was associated with a higher mor-
tality rates in both sexes (all P, 0.001). Interestingly, the presence
of previous AMI, AF, or DM increases the hazards for mortality
more in female CLTI patients compared with men, while malignan-
cies or CHF showed lower mortality rates in female CLTI patients
than in male patients. The performance of EVRs had a beneficial
effect on OS in both sexes, while this advantage was more evident
in female CLTI patients compared to male patients (all Pint≤ 0.001,
see Supplementary material online, Table S6 and Figure 2).
Amputation-free survival as a combined endpoint of amputation
of the LL or death showed HRs, 1 in both sexes in the presences
of previous stroke, AF, nicotine abuse, CHF, CKD, and DM (all P,
0.001). The effect of prior AMI on AFS was significantly noticeable
worse in women (Pint, 0.001, see Supplementary material online,
Table S6 and Figure 2).

Discussion
Different clinical trials and other studies demonstrated the
poor prognosis of patients with LEAD and especially with
CLTI and in most cardiovascular trials, LEAD was understudied.36

Interestingly, the results on sex-related differences in LEAD pa-
tients and the proportion of female patients are controversial
and are probably depending on methodological approaches and dif-
ferences in inclusion/exclusion criteria.29,31,37 One major point

could be that women have longer symptom-free periods and the
initial diagnosis in female patients is often diagnosed at higher age
compared with male patients.38,39 Especially with regard to the
high number of CLTI patients, more knowledge is necessary to ana-
lyse sex-related differences in this patient group. In the present
study, we assessed sex-related differences in an unselected cohort
of 199 953 patients, hospitalized for a main diagnosis of CLTI, as in-
dicated by RF 4–6, from 2010 to 2017. We included a 2-year pre-
treatment period before an index hospitalization due to CLTI and a
follow-up period of up to 9 years. In contrast to many other ana-
lyses, we include all LEAD patients, who were hospitalized with
and without performance of any vascular procedure.27,28,30 In our
defined cohort, all patients had treatment required symptoms
and the reason why patients did not receive a vascular procedure
can be manifold (higher age, severe multi-morbid patients, or pa-
tient request to proceed conservatively). Nevertheless, consistent
with other studies,16,17 we found that CLTI patients had a poor
prognosis in terms of all-cause mortality and amputation of the
LL. While unadjusted mortality was higher in women, after adjust-
ment for age and patient risk profile, male sex was associated with
higher all-cause mortality and amputation of the LL during the
9-year follow-up period. In line with other studies, the prevalence
of CLTI was increasing with age and female CLTI patients were old-
er compared with male patients.5,10 Furthermore, the number of
men hospitalized with CLTI was higher compared with women as
found by others.16,24–26 Additionally, most CLTI patients suffered
from one or more typical CVRFs (e.g. hypertension, dyslipidaemia,
or DM) and/or cardiovascular comorbidities (e.g. CCS, CHF, CVD,
or AF) which was also consistent with other reports4,16,22

(Structured Graphical Abstract).
Female CLTI patients were almost 8 years older than men, re-

sulting in higher probability of diagnosis and distinct treatments
at baseline for women. Contrary to this assumption, female
CLTI patients had undergone less frequently treatment required
hospitalization, vascular procedures and had received less often
prescriptions of guideline-recommended medication, such as sta-
tins or ATs, compared with male CLTI patients. Reasons for this
lower application rates may be mainfold and complex: due to high-
er age, women could be more fragile, suffer often from impaired
psychomental status thereby unfit for interventional procedures
and presenting contraindications to some of the pharmacological
agents.

Furthermore, it is known that female LEAD patients with IC are
present more often with borderline ABI and longer symptom-free
periods compared with male patients,1,19,20 leading to significant de-
layed diagnosis of LEAD or less intensive resource use patterns. It
may also be possible that for a greater proportion of female pa-
tients, the index hospitalization is the first diagnosis of LEAD.
Moreover, male patients were more often co-diagnosed with other
atherosclerotic diseases such as CCS or CVD, displaying that men
suffer more often from polyvascular diseases. Therefore, male
CLTI patients were probably more often already under medical
treatment with guideline-recommended medication because of
the presence of other cardiovascular diseases. Nevertheless, one
more reason for this low prescription rates of urgently required
medications is probably that women are still not recognized in
the same degree to be vascular high-risk patients as men are.
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Figure 1 The cumulative incidence estimates (event rates) for death. The event rate is shown over time (in years) divided for female (red) and
male (blue) patients in the entire cohort (A) and in different age groups (B–H). Data were estimated with the Kaplan–Meier estimates.
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With reference to the secondary medical supply of CLTI pa-
tients, 2 years after index hospitalization, only just over half of
the patients received a statin and almost three-quarter any type
of AT. In addition, we included time trends of prescription rates
and we could show that the rate for ATs and statins is increasing
from 2010 to 2017 as shown by others,32 but were still more
common in men. Interestingly, this underuse of both first-line re-
commended medication was more prominent in female CLTI pa-
tients compared with male CLTI patients. Several trials, like the
randomized controlled EUCLID trial, did not report different pre-
scription rates of guideline-recommended medication.40 This is
contrary to data published from other real-world cohorts23 and
probably due to the fact that patients included in randomized
trials display a highly selected patient group with higher medical
care.37 In consequence, these findings are alarming, since it was
shown that a statin therapy as well as the usage of AT is asso-
ciated with a reduction of MACE, amputations, and all-cause
mortality in high-risk patients.41,42 Therefore, these drugs are
strongly recommended for these patients in all current guide-
lines.43,44 Further analyses are needed to identify sex-related

differences in pharmacotherapy and the effect on outcome
parameters.

Unstratified Kaplan–Meier models of death and amputation of
the LL assumed higher mortality rates in female CLTI patients,
while male CLTI patients underwent more often LL amputation.
Interestingly, if we divide the entire cohort into different age
groups or analyse an age- and RF-matched cohort, the trend of
higher mortality rates in women was reversed and in each sepa-
rated group, male sex was associated with higher mortality. This
statistical phenomenon is known as Simpson’s paradox45 and is
caused by the fact that the sex effect is dominated by effect of
the age difference between men and woman in our cohort,
when using the unstratified Kaplan–Meier model. Since age was re-
ported to be a relevant risk indicator for worse outcome in cardio-
vascular diseases,5,24,46 we included a multivariable Cox regression
analysis, adjusted for age and patients risk constellation. These we
found that women had a significantly noticeable better OS and AFS
compared with men.

Despite all the progress in conservative and interventional thera-
peutic strategies in the last decades, CLTI patients remain a very

Figure 2Multivariable Cox regression analyses for predictors of long-term outcomes. The Cox regression analysis was done for the adjusted
endpoints overall survival (A), freedom from amputation (B), and amputation-free-survival (C ). Divided for male and female patients. Cofactors
were age, non-time-dependent risk factors (e.g. previous acute myocardial infarction, previous stroke, atrial fibrillation or flutter, dyslipidaemia,
obesity, nicotine abuse, previous revascularization procedure, and hypertension), as well as time-dependent factors (e.g. malignancies, revas-
cularization procedure, chronic heart failure, chronic kidney disease, diabetes mellitus, and amputation of the lower limbs). The models for
freedom from amputation considered death as a competing risk in contrast to the amputation-free survival models, which included death
in the endpoint. We used Fine and Gray’s method to estimate sub-distributional hazard ratios in the amputation-free survival model.
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high-risk cohort as illustrated by 39% death and 18% LL amputation
rate during a 2-year follow-up period. The presence of cardiovascu-
lar comorbidities like CCS, CVD, CHF, CKD, or DM increases all-
cause mortality and amputation of the LL events in LEAD pa-
tients,16,18 clearly indicating that CLTI patients are highly morbid
with a markedly increased risk of cardiovascular events. In the entire
cohort, DM, CVD, and CCS were significantly noticeable higher co-
prevalent in male CLTI patients. Moreover, the rate of AF, CHF, and
CKD in the age- and RF-matched cohort was higher in males too.
Therefore, the higher frequency of these cardiovascular comorbid-
ities in men is probably an important factor, which contributes to
the poor outcome observed in male CLTI patients.

Interestingly, it was shown that patients co-prevalent with DM
have an increased likelihood to underwent LL amputation, but
only marginal increased probability of all-cause mortality com-
pared with CLTI patients without DM.18,47 In addition, CHF
clearly negatively influences the mortality rate in both sexes.
We observed higher prevalence of CHF in women, while the im-
pact on mortality by CHF was stronger in male CLTI patients
compared with women. Usually, CLTI is interpreted as an ad-
vanced form of LEAD; however, it should not be understood
just as a bad disease of the peripheral vessels. Especially CLTI pa-
tients are often co-diagnosed with other concomitant diseases
such as CHF, CKD, or impairment of other organs. This fact de-
monstrates that CLTI should be understood as a multi-organ dis-
ease, and the diagnosis of CLTI and the appearance of symptoms

such as rest pain, ulcers, and necrosis is in most patients the tran-
sition to a multi-organ failure. This multimorbidity is the reason
why the prognosis of CLTI patients is much worse compared
with other diseases.44 In line with Mustapha et al.,18 we found
also a protective effect on all-cause mortality in the presence
of hypertension. This is probably due to the better medical sup-
ply in this patient group, since these patients may visit more often
the family doctor or specialist and in the entire cohort, women
were more often co-prevalent with hypertension.

Finally, the performance of an EVR procedure was associated
with higher survival rates, while there was a markedly negative im-
pact of LL amputation independently of sex. As shown before,23,24

endovascular approaches are more common in women, while vas-
cular surgery is more frequent in men. Currently, the endovascular
first approach is the therapy of choice43,44 because of its high ef-
fectiveness together with less invasiveness. The performance of
open vascular surgery might refer to patients with a more ad-
vanced stage of LEAD but also point to centres that are not cap-
able of endovascular therapy as the state of the art. This may
contribute to the more frequent unfavourable endpoints observed
in male CLTI patients.

Strengths and limitations
We included almost 200 000 LEAD patients, who were all insured
by the AOK Health Insurance Fund, which covers almost 32% pa-
tients in Germany. The AOK consist of 11 independent regional

Figure 2 Continued
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Health Insurance Funds, which cover healthcare nationwide in
Germany. Nevertheless, the AOK insured patients have a lower
socioeconomic status and higher migration background and pres-
ence of cardiovascular risk factors, found in all regions compared
with other health insurances. These differences, probably leading
to different healthcare supply depending on the regional Health
Insurance Fund, can influence the data but demonstrate a nation-
wide healthcare supply in a heterogeneous patient population. In
contrast to randomized trials, observational studies, and registries,
the studied health claims data are not subject to selection by the
sponsor or implementer. Patients were included until 2017 and
the follow-up phase was until 2018, displaying the current care
situation under current guideline recommendations with a long
follow-up time up to 9 years. A very low loss to follow-up events
was determined, since the change in the health insurance is rather
rare, especially in older age groups. The analysis presented here
has general limitations in the use of health claims data, mentioned
as missing information on clinical status and parameters (e.g. la-
boratory parameters, questionnaires on quality of life, or results
of medical examinations like ABI), the success or failure of inter-
ventions, or patient compliance. In addition, the basis of our ana-
lysed data were the diagnostic codes, used for validation
reasons. This means non-billable diagnoses were often not present
and thus not included in our analyses. However, health claims data
are validated with regard to cardiovascular events (like myocardial

infarction) or survival. Furthermore, the factors influencing an
event during follow-up can be identified and statistically assessed.
The basis of our requested data were the ICD-10-GM, OPS, and
ATC codes, important for correct billing process. Diagnoses of
not accounting relevant data were probably not specified and by
this could not be included in our analyses. Furthermore, differences
depending on biological sex (e.g. hormone status), socioeconomic,
financial, or health educational aspects cannot be included in this ana-
lysis. Finally, medical adherence of patients can only be derived from
the fulfilled prescriptions, but we do not knowwhether patients take
their prescribed drugs or additionally take non-prescription drugs.
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