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Abstract 

Purpose:  It is currently unclear whether management and outcomes of critically ill patients differ between men and 
women. We sought to assess the influence of age, sex and diagnoses on the probability of intensive care provision in 
critically ill cardio- and neurovascular patients in a large nationwide cohort in Switzerland.

Methods:  Retrospective analysis of 450,948 adult patients with neuro- and cardiovascular disease admitted to all 
hospitals in Switzerland between 01/2012 and 12/2016 using Bayesian modeling.

Results:  For all diagnoses and populations, median ages at admission were consistently higher for women than for 
men [75 (64;82) years in women vs. 68 (58;77) years in men, p < 0.001]. Overall, women had a lower likelihood to be 
admitted to an intensive care unit (ICU) than men, despite being more severely ill [odds ratio (OR) 0.78 (0.76–0.79)]. 
ICU admission probability was lowest in women aged > 65 years (OR women:men 0.94 (0.89–0.99), p < 0.001). 
Women < 45 years had a similar ICU admission probability as men in the same age category [OR women:men 1.03 
(0.94–1.13)], in spite of more severe illness. The odds to die were significantly higher in women than in men per unit 
increase in Simplified Acute Physiology Score (SAPS) II (OR 1.008 [1.004–1.012]).

Conclusion:  In the care of the critically ill, our study suggests that women are less likely to receive ICU treatment 
regardless of disease severity. Underuse of ICU care was most prominent in younger women < 45 years. Although our 
study has several limitations that are imposed by the limited data available from the registries, our findings suggest 
that current ICU triage algorithms could benefit from careful reassessment. Further, and ideally prospective, studies 
are needed to confirm our findings.
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Introduction

Cardiovascular disease (CVD) remains the most com-
mon cause of morbidity and mortality in both women 
and men in the Western World [1]. Since the 1980s, age-
adjusted mortality for CVD has continuously declined, 
however to a lesser extent in women than in men [2]. 
Despite growing evidence regarding sex and gender dif-
ferences in CVD, mechanisms behind these differences 
remain largely unexplored [3]. Further, significant car-
diovascular health inequalities between women and men 
persist in the diagnostic accuracy of tests, timely and 
evidence-based treatment, secondary prevention, and 
outcomes [3–6]. Importantly, younger women with CVD 
have a particularly unfavorable prognosis and a plethora 
of unanswered questions remains in this demographic 
group [7–10].

The impact of gender on provision and outcomes of 
critical care treatment has been described in several 
smaller cohorts. Overall, women remain underrepre-
sented amongst intensive care unit (ICU) patients, in par-
ticular amongst higher age groups [11–14], are less likely 
to receive life-supporting treatments, and have overall 
shorter ICU stays than men [15–17]. This contrasts with 
the fact that CVD prevalence is higher in older women 
than in older men with women having a higher burden of 
pre-existing disabilities [3, 18, 19]. With the anticipated 
surge in the ageing population, the prevalence of these 
conditions is projected to increase even further and will 
be set against a limited number of ICU beds and staff. 
As simultaneously medical technology advances, there 
is an  urgent need to understand barriers for the provi-
sion of ICU care to ensure optimal and unbiased use of 
resources. Thus, we sought to assess how sex and age 
influence ICU admission in cardio- and neurovascular 
patients in a large nationwide cohort in Switzerland.

Methods
Study population
The designated primary outcome measure of this study 
was admission to ICU. Secondary outcome meas-
ures included advanced treatments and ICU mortal-
ity. Patients aged < 20  years, ICU readmissions within 
the same hospital stay, and planned ICU admissions 
were excluded from the analysis. Data on ICU admis-
sions were obtained from the Swiss ICU-Registry. The 
Swiss ICU-Registry (MDSi—Minimal Dataset for ICUs) 
is owned and operated by the Swiss Society of Intensive 
Care Medicine (SSICM). Details of the MDSi dataset 
have previously been described [20]. Briefly, the database 
contains prospectively collected data from 86 certified 
Swiss ICUs including information on origin and type of 
admission, diagnostic group and intervention, severity 

of acute illness, daily process variables and discharge 
details comprising ICU mortality. The MDSi dataset does 
not contain data from intermediate care units. Data are 
transferred anonymously to the MDSi from each contrib-
uting ICU.

The MDSi dataset provides data on ICU patients (main 
diagnosis, death, sex, age) to the Swiss Federal Office 
of Statistics (Schweizer Bundesamt für Statistik [BfS]). 
For our analysis, data on ICU admissions were obtained 
from the MDSi database, while data on general hospital 
admissions were provided by the BfS. From both data-
sets, patients who were admitted to either ICU or nor-
mal ward between 01/2012 (begin of detailed prospective 
data collection by the Swiss ICU-Registry) and 12/2016 
(data validation completed) with one of the following 
cardiovascular diagnoses were extracted: acute coronary 
syndrome including cardiac arrest, pulmonary embolism, 
acute heart failure, rhythm disturbances or stroke. We 
extracted demographic data, admission diagnoses codes, 
type of admission, the Simplified Acute Physiology Score 
(SAPS) II [21], the nine equivalents of nursing manpower 
use score (NEMS) [22], ICU length-of-stay (LOS), and 
ICU mortality. In both datasets, no information on the 
patients’ pre-admission status (comorbidities or chronic 
diseases) is provided. Completeness (no missing data) 
and high quality of the dataset were ensured using only 
validated data acquired between 01/2012 and 12/2016. 
The study was approved by the Ethics committee of 
Northwestern Switzerland (EKNZ UBE-15/47) as well as 
by the scientific committee of the SSICM.

Definitions
Unplanned ICU admissions were defined as unstable 
patients transferred from the emergency department, 
normal wards, the operating theater, or other hospitals 
with the need for extended medical care and monitor-
ing. Type of admission was defined as either admission 
from home or from another hospital. Interventions upon 
admission were included when performed within 48  h 
prior or after admission. LOS was defined as the time 
from ICU admission to discharge or death, and LOS was 
expressed in fractions of days. The overall NEMS was 

Take‑home message 

In our analysis of 450’948 neuro- and cardiovascular patients, 
women, and in particular young women, had a lower likelihood to 
receive ICU care than men, despite being more severely ill. Although 
our study is limited by the number of available variables, our data 
suggest that health care inequalities between women and men 
might still exist, even in one of the highest ranked health care sys-
tems worldwide. Careful reassessment of triage algorithms and local 
protocols might help to ensure optimal and equitable use of critical 
care resources, thereby improving outcomes.
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normalized to LOS. ICU mortality was defined as the 
rate of all-cause mortality during the ICU hospitalization.

Statistical analysis
Statistical analysis was performed using R version 3.6.1 
with the packages rstan, rstanarm and survival [23]. 
Simple group comparisons were performed using t-test, 
non-parametric rank sum test or chi-square test as 
appropriate. Bayesian models were used to estimate the 
hospital admission counts as a function of age and the 
probability of ICU admission (primary objective) [24, 
25]. Frequentist analyses were performed to model the 
likelihood of ICU mortality (secondary objective) and to 
assess gender differences in advanced treatments (sec-
ondary objective) [26, 27]. Linear regression models of 
SAPS II and NEMS and binomial logistic regression 
models of death comprised the sex-dependent covari-
ates age and diagnosis. Detailed information on statistical 
modeling is provided in the Supplementary Information 
File.

Results
Patient characteristics
Admission
450,948 patients admitted to either the ICU (n = 77,803, 
17.3%) or general ward (n = 373,145, 82.7%) with the 
diagnoses of pulmonary embolism (n = 24,077, 5.3%), 
heart failure (89,326, 19.8%), rhythm disturbance 
(n = 72,975, 16.2%), acute coronary syndrome including 
cardiac arrest patients (n = 183,762, 40.8%), and stroke 
(n = 80,808, 17.9%) between 01/2012 and 12/2016 were 
included in our analysis (Table 1). Women were less often 
admitted to the ICU, independent of diagnoses (pul-
monary embolism 10.6 vs. 12.3%, heart failure 10.0 vs. 
14.5%, rhythm disturbance 11.2 vs. 13.0%, acute coronary 
syndrome including cardiac arrest 21.7 vs. 22.3%, stroke 
16.5 vs. 19.3%, Table  1), independent of age category 
(Supplementary Table S1). Conversely, more women than 
men were admitted to the general wards (pulmonary 
embolism 89.4 vs. 87.7%, heart failure 90.0 vs. 85.5%, 
rhythm disturbance 88.8 vs. 87.0%, acute coronary syn-
drome 78.3 vs. 77.7%, stroke 83.5 vs. 80.7%, Table 1). Men 
who were transferred from another hospital were more 
often admitted to the ICU than women (13.5 vs. 16.1% 
in men, p < 0.001, Table 1), while direct ICU admissions 
were more frequent in women (74.6 vs. 74.0% in men, 
p < 0.001, Table 1).

Age at admission
In ICU patients, median age was higher in women 
as compared to men (75 [interquartile range [IQR] 
64;82] years in women vs. 68 [IQR 58;77] years in men, 
p < 0.001) Accordingly, overall peak ages at admission 

(ICUs and general wards) were significantly higher in 
women as compared to men, independent of diagnosis 
(Fig. 1, Supplementary Table S2).

Disease severity
In ICU patients, median SAPS II was higher in women 
as compared to men [29 (IQR 23;40) in women and 
27 (IQR 20;38) in men, p < 0.001]. Accordingly, multi-
variate linear regression models showed higher esti-
mates for SAPS II in women admitted to the ICUs 
as compared to men [8.47 (6.71–10.23) in women 
and 4.06 (2.74–5.39) in men, ratio women:men 4.40 
(2.20–6.61), p < 0.001]. When stratified by age, younger 
women < 45  years had consistently higher baseline 
estimates for SAPS II as compared to men; while, an 
opposite trend was observed at the age > 65 years (Sup-
plementary Fig.  S1). Hence, sex differences in median 
SAPS II were most pronounced in younger individu-
als, with younger women presenting with higher SAPS 
II than younger men (Supplementary Fig.  S1). When 
stratified by diagnoses, baseline estimates of SAPS II 
were significantly higher in women across all diagnoses 
(Supplementary Table S3).

Probability of ICU admission (primary outcome)
Overall, women had a lower likelihood to be admit-
ted to the ICU than men [odds ratio (OR) 0.78 (0.76–
0.79), Table  2]. Multivariate Bayesian regression 
analysis adjusted for admission diagnosis, age catego-
ries (< 45  years, > 65  years) and proximity to peak age 
revealed that the odds for ICU admission were signifi-
cantly lower in women as compared to men for heart 
failure [women 0.17 (0.16–0.18); men 0.24 (0.23–0.25); 
women:men OR 0.73 (0.69–0.77)] and stroke [women 
0.29 (0.28–0.31); men 0.32 (0.31–0.33); women:men OR 
0.92 (0.87–0.98), Table 2]. In contrast, women present-
ing with an acute coronary syndrome including cardiac 
arrest had a higher probability than men to be admitted 
to the ICU [women odds 0.40 (0.39–0.42); men odds 
0.37 (0.36–0.39); women:men OR 1.08 (1.03–1.14), 
Table 2]. When the overall study population was strati-
fied by age categories, women < 45 years of age showed 
a trend towards a lower admission probability as com-
pared to men (Fig.  2), yet the odds ratio women:men 
did not reach significance in the adjusted Bayesian 
model [admission probabilities women:men < 45  years 
OR 1.03 (0.94–1.13), Table 2]. Women > 65 years had a 
lower probability to be admitted to the ICU than men 
[women:men OR 0.94 (0.89–0.99), Fig. 2 and Table 2].
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Secondary outcome measures
Advanced treatments
No significant sex differences were observed for NEMS 
in the overall population (Table  1) and in age-stratified 

subgroups (Supplementary Table  S1). When indi-
vidual components of the NEMS were analyzed, men 
had higher rates of mechanical ventilation (23.40 vs. 
22.51% in women, p = 0.005, Table  1), while women 

Fig. 1  Representative populations and peak ages for the full dataset. Peak ages were identified by fitting a skewed normal distribution to observed 
total patient populations stratified by sex. ICU intensive care unit

Table 2  Multivariate model of odds for ICU admission stratified by sex

Bayesian multivariate binomial model adjusted for admission diagnosis, age categories (< 45 years, > 65 years) and proximity to peak age. Given are median odds and 
95%-credible intervals. ICU intensive care unit

Odds ratio, women Odds ratio, men Odds ratio, women:men

Overall baseline 0.18 (0.18–0.18) 0.23 (0.23–0.23) 0.78 (0.76–0.79)

Pulmonary embolism 0.17 (0.16–0.18) 0.18 (0.17–0.19) 0.93 (0.85–1.02)

Heart failure 0.17 (0.16–0.18) 0.24 (0.23–0.25) 0.73 (0.69–0.77)

Rhythm disturbances 0.18 (0.17–0.19) 0.20 (0.19–0.20) 0.94 (0.88–1.00)

Acute coronary syndrome including 
cardiac arrest

0.40 (0.39–0.42) 0.37 (0.36–0.39) 1.08 (1.03–1.14)

Stroke 0.29 (0.28–0.31) 0.32 (0.31–0.33) 0.92 (0.87–0.98)

Age < 45 years 1.29 (1.20–1.39) 1.25 (1.18–1.31) 1.03 (0.94–1.13)

Age > 65 years 0.79 (0.75–0.82) 0.84 (0.82–0.86) 0.94 (0.89–0.99)
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more often received non-invasive respiratory support 
(73.50 vs. 71.74% in men, p < 0.001, Table 1). Men had a 
greater use of vasoactive substances (12.68 vs. 11.77% in 
women, p < 0.001 for multiple vasoactives, Table  1) and 
a higher rate of renal replacement therapy (RRT, 2.68 
vs. 2.02%, p < 0.001, Table  1). When stratified by age, 
women < 45 years had higher rates of mechanical ventila-
tion (25.25 vs. 21.02% in men, p = 0.004), received more 
often multiple vasoactives (14.71 vs. 11.41% in men, 
p = 0.004) and RRT (4.25 vs. 2.47% in men, p = 0.003) 
than men (Supplementary Table  S1). An opposite trend 
was observed in women > 65  years with regard to these 
treatments (p < 0.001, Supplementary Table S1).

Amongst patients with an acute coronary syndrome, 
21,845 patients underwent percutaneous coronary 

intervention (PCI) or coronary artery bypass grafting 
(CABG). Significantly more men than women underwent 
PCI (53.97 vs. 43.73%, p < 0.001, Table 1) or CABG (2.07 
vs. 3.04%, p < 0.001, Table 1). This was also true when the 
study sample was stratified by age categories, with gender 
differences being most pronounced in the younger age 
group < 45 years (PCI: 13.56 vs. 33.38% in men, p < 0.001, 
Supplementary Table 1).

ICU mortality
Frequentist statistics revealed that ICU mortality was 
6.7% in women and 6.1% in men (p < 0.001, Table  1). 
Women < 45  years and women aged 45–65  years died 
more often during ICU stay than men in the same 
age category (< 45  years: 7.03 vs. 5.30%, p = 0.039 and 

Fig. 2  Calculated total probability of admission for men and women for each age category. Age categories in proximity to peak age show the low-
est overall probability of admission for both sexes. Bold lines represent median probabilities. Probability of ICU admission plotted for each age group 
(5 year intervals). ICU intensive care unit
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45–65  years: 6.23 vs. 4.04%, p < 0.001, Supplementary 
Table  S1). In contrast, in individuals > 65  years, ICU 
mortality was lower in women as compared to men in 
the same age category (6.86 vs. 7.35%; p = 0.039). Bino-
mial logistic regression of the probability of all-cause 
death during ICU stay using unscaled covariates (diag-
noses, age < 45  years, age > 65  years, SAPS II, NEMS /
LOS) showed a significantly higher mortality in women 
with an acute coronary syndrome [OR 1.479 (1.21–1.81), 
p < 0.001, Fig. 3, Supplementary Table S4] or pulmonary 
embolism [OR 1.793 (1.11–2.90), p < 0.05, Fig. 3, Supple-
mentary Table S4], as compared to men, while mortality 
for heart failure, rhythm disturbance, and stroke did not 
differ significantly between sexes (Fig. 3, Supplementary 
Table S4). In both sexes, a higher SAPS II  was associated 
with a higher ICU mortality [women 1.096 (1.09–1.10), 

p < 0.001 and men 1.088 (1.085–1.090), p < 0.001, Fig.  3, 
Supplementary Table  S4], but the association between 
increased SAPS II and the risk of death was signifi-
cantly stronger in women as compared to men [OR 1.008 
(1.004–1.012), p < 0.001, Fig. 3, Supplementary Table S4].

Discussion
Our nationwide analysis in 450,948 patients with car-
dio- and neurovascular diseases shows that women in 
the upper and lower extremes of age are the demographic 
groups most affected by inequalities in ICU care.

Recent studies report an increasing incidence and 
mortality rate of CVD in younger women [7–10]. 
Mechanisms and robust data explaining the excess risk 
for cardiovascular mortality in younger women are 

Fig. 3  Binomial analysis of death. Odds and odds ratios are given with 95%-confidence intervals. Baseline is a diagnosis of acute coronary 
syndrome including cardiac arrest, an average SAPS II of 31.2 and NEMS/LOS of 99.7. P < 0.05*, < 0.01**, < 0.001***. X-axis in logarithmic scale. ICU 
intensive care unit; SAPS II Simplified Acute Physiology Score II; NEMS Nine Equivalents of Nursing Manpower Use Score; LOS length-of-stay
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currently lacking, but data from the VIRGO study indi-
cate that younger women have a worse overall health 
status than younger men [28]. In line with these data, 
young women < 45 years were more severely ill than men 
of similar age in our study. More severe illness usually 
requires a higher level of medical care. However, despite 
their more severe illness, younger women in our study 
were not admitted more frequently to the ICU than 
younger men. Instead, the probability to receive ICU 
care was similar in younger women and men. Unfortu-
nately, current data are insufficient to clarify the extent 
to which such inequalities originate from sex differences 
in pathophysiology (e.g., presentation of symptoms), risk 
stratification (diagnostic bias), less aggressive treatment 
preferences by younger women or underuse of resources.

Age > 65 years was associated with a significantly lower 
probability of ICU admission in women as compared to 
men. The reason for this gender disparity remains elusive. 
Although social networks, family support as well as triage 
decisions are known to be important predictors for ICU 
admissions, recent studies have demonstrated that these 
variables were not associated with the male predomi-
nance amongst the elderly ICU population [11, 13, 14]. 
Recent data on treatment limitations derived from the 
same database show that women were more likely to have 
a documented patient decree upon ICU admission [29]. 
Accordingly, limitation decisions were more frequent in 
women, despite their less severe illness. This observation 
is consistent with previous studies reporting that female 
sex was an independent predictor of treatment limitation 
decisions in patients with sepsis [30, 31]. Accordingly, 
women or their surrogates had less aggressive treatment 
preferences in previous studies [32, 33]. Thus, the higher 
frequency of advanced directives in elderly women might 
impact the decision process of ICU admission, result-
ing in a selection bias. In addition, there is extreme vari-
ability in how health care providers influence end-of-life 
decisions [34]. Hence, there is urgent need to evaluate 
whether there is an unconscious bias in how critically ill 
elderly women and men are assessed and whether their 
wishes are (mis)perceived.

Our findings are consistent with previous studies 
derived from smaller and more heterogenous popula-
tions demonstrating a male predominance in ICU hospi-
tal admissions [11–15, 17]. We now extend the existing 
literature by showing that women hospitalized for neuro- 
and cardiovascular diseases were significantly older 
than men across all conditions. The largest sex differ-
ence in age was observed in patients presenting with an 
acute coronary syndrome, with a larger age gap between 
men and women being seen in the ICU population as 
compared to the general ward population. Accordingly, 

women presenting with an acute coronary syndrome had 
higher estimates of SAPS II and encountered an excess 
ICU mortality as compared to men in our study. How-
ever, it is notable that women with acute coronary syn-
drome were the only female subgroup in our study that 
had a higher likelihood to be admitted to the ICU than 
their male counterparts. The latter might be indicative of 
the growing attention that has been paid to health dispar-
ities in women presenting with acute coronary syndrome 
[8, 35]. Nevertheless, consistent with published literature, 
we also observed that women with an acute coronary 
syndrome underwent less often life-saving invasive pro-
cedures including percutaneous coronary interventions 
or coronary artery bypass grafting. The fact that women 
with CVD receive less evidence-based treatment than 
men was first described in 1991 and was named the’Yentl 
Syndrome’ [36]. Our data indicate that health care ine-
qualities between men and women persist in contempo-
rary practice and emphasize the need to identify barriers 
for the underuse of advanced treatment options in criti-
cally ill women. Indeed, while there is increasing aware-
ness for sex and gender differences in the cardiovascular 
field, gender disparities in intensive care medicine are 
still a widely neglected topic.

Multivariate linear regression models showed higher 
estimates for SAPS II in women admitted to the ICUs as 
compared to men, independent of diagnoses. In addition, 
the association between increased SAPS II and the risk of 
death was significantly stronger in women as compared 
to men indicating that more severe illness in women had 
a greater impact on mortality than in men. Although the 
influence of sex on the SAPS II score’s ability to predict 
outcome was not specifically tested in our study, our data 
suggest that the SAPS II performs different in women and 
men. A similar observation has previously been reported 
for the sequential organ failure assessment (SOFA) score 
[37]. The fact that these prediction tools perform differ-
ent in men and women is not surprising, given that none 
of these scores includes sex as a variable. In cardiovascu-
lar patients, the outcome predictive value of ICU scores 
related to sex was only explored in one recent study. In 
this report, the performance of currently used ICU-based 
risk stratification systems in predicting in-hospital mor-
tality was limited in both women and men, especially in 
those subgroups of disease with the highest mortality 
[38]. Given the overall higher ICU mortality observed 
in women in our cohort, our limited knowledge regard-
ing the influence of sex and sex-specific variables on the 
predictive value of ICU-based risk prediction tools is 
particularly remarkable. Future studies will have to assess 
whether sex changes how the other variables in SAPS II 
account for total risk estimation.
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Some limitations to this study should be pointed out. 
First, our study is retrospective and observational, and 
does not provide information on underling causal mech-
anisms. Second, data on in- and out-of-hospital mortal-
ity were not available in our dataset. Hence, the question 
whether gender imbalances in ICU admission have 
altered these endpoints cannot be answered by our study. 
Third, information on patient demographics and health 
status prior to admission was limited in our study sam-
ple. Hence, we cannot rule out potential confounding by 
variables (e.g., distribution of pre-existing comorbidities 
and chronic diseases in different age categories, patient 
frailty or socio-economic variables) not accounted for 
in our statistical models. Fourth, SAPS II was only avail-
able as the overall score, precluding a more informative 
analysis as compared to the use of SAPS II subitems. 
Fifths, given that information on mechanical ventila-
tion, hemodialysis and vasoactive support is included in 
the NEMS, the latter was used as an estimate of disease 
severity, although it was originally developed as a pre-
dictor for the burden of nursing care. Sixth, our dataset 
was dichotomized in patients being admitted to the ICU 
or normal ward. Patients being admitted to intermediate 
care units were not included in the ICU dataset which 
might limit the generalizability of our findings. Neverthe-
less, ICU mortality observed in our study is comparable 
with previously reported data [39] thereby indicating that 
our dataset is representative of a typical and contempo-
rary ICU population. Seventh, data for cardiac arrest and  
acute coronary syndrome  were aggregated in our study 
sample leading to a slightly higher overall mortality in 
this subgroup of patients as compared to previous stud-
ies [40].

Intensive care is expensive and demand for ICU 
resources often exceeds supply. Our data suggest that 
women, in particular young women, have to present with 
more severe illness to receive equal treatment as men. 
Thus, intensivists and emergency physicians making tri-
age decisions should carefully reassess whether critically 
ill young women are at risk to fail receiving the care they 
need. Addressing gender biases in triage algorithms and 
local protocols will help to ensure equal application of 
intensive therapy.

While our study is limited by the number of available 
variables from the registries, our findings may serve as 
a catalyst for further research on sex disparities in the 
provision of ICU care. Future studies will have to iden-
tify biological and social factors influencing the decision 
to withhold or withdraw intensive care in women. Pro-
spective studies delivering more detailed information 
on pre-admission health status are needed to confirm 
our findings. Finally, further education is needed to raise 

awareness for gender inequalities in intensive care in 
both healthcare professionals and patients.
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