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POPULAR SCIENCE SUMMARY OF THE THESIS 

Background 

The intensive care unit (ICU) is a highly specialized unit in the hospital, to which only the 
most severely ill patients are admitted. In general, patients admitted suffer from organ failure, 
for example of the lungs or kidneys, and without intensive care the chance of survival is 
sometimes very limited. Often the patients are unconscious, either because of brain damage 
or because they need to be under pharmacologically induced unconsciousness, to be able to 
tolerate the pain associated with the illness and the treatment. This is naturally very labor 
intensive, and typically a team of physicians, nurses, physiotherapists and assistant nurses 
only tend to two to three patients. Needless to say, intensive care is expensive. Hence, there is 
a limited number of intensive care beds available. It is therefore of uttermost importance that 
admission and discharge of patients to and from the ICU is performed in a correct manner. All 
and only those patients deemed to be in need of intensive care should be treated in the ICU. 
The decision on who should be granted access is based on a number of variables. Patient sex 
is not one of them. Therefore, the ICU patient population sex ratio - with male predominance 
- is unsettling. This thesis aims at investigating that discrepancy. 

Methods and results 

Study I is aimed at investigating if there are different thresholds for patients to be admitted to 
the intensive care unit depending on whether they are men or women. This was a survey 
study, where we asked physicians in Sweden if they would admit a patient to the ICU, yes or 
no. Two identical surveys were distributed, and responders were randomized to one of the 
two. The only difference between the surveys was the gender of the patient in each case. 
Hence, any differences in admittance between case x in survey one and two would be 
attributable to the gender of the patient. Using this method, we could not observe any 
difference in admittance caused by the gender of the patient. 

Study II is based on the same method as in study I, but instead of eight cases we only 
included one case. This survey was endorsed and distributed by the European Society of 
Intensive Care Medicine. Therefore, responders came from 75 different countries. As in study 
I, we could not find any difference in admittance to the ICU caused by the gender of the 
patient. 

Study III investigates if there are any differences in how long patients stay in the ICU and 
sex-related differences in survival after intensive care, depending on if the patient is a man or 
a woman. We used a dataset with almost 9,000 patients cared for in the Karolinska University 
Hospital ICU between 2006-2016. Aiming at comparing equally severely ill patients we used 
different severity of illness scores in our statistical models. We found no differences in 
survival between men and women, but men had a lower probability of being discharged from 
the intensive care unit.  



In Study IV we explored if the treatment given to patients in the ICU differed depending on 
whether the patient was a man or a woman. Using the same patient dataset as in study III, we 
investigated differences in the use of for example mechanical ventilation, various ICU-typical 
medications and dialysis. We found that given equal level of illness, men received slightly 
more intensive care.  

Study V explored long-term survival following intensive care after infection with SARS-
CoV-2. We investigated all COVID-19 patients in Sweden cared for in an ICU between early 
March 2020 and late June 2020, looking at sex-differences in the treatment provided in the 
intensive care unit and 90-days mortality. We found that men with COVID-19 received more 
mechanical ventilation, stayed longer in the ICU and had a higher mortality at both 30- and 
90-days. 

Conclusion  

We could not observe gender bias against women regarding admitting them to the ICU, 
furthermore we found no differences in mortality between men and women following 
intensive care in general. Men appear to have a slightly greater need of intensive care, which 
to some extent can be explained by different reactions to disease in men and women. Men 
need more intensive care and have a higher risk of dying following infection with SARS-
CoV-2.  

  



 

 

 

Populärvetenskaplig sammanfattning 

Bakgrund 

En intensivvårdsavdelning (IVA) är en högspecialiserad enhet på sjukhuset där endast de 
svårast sjuka patienterna är inlagda. I allmänhet har intensivvårdspatienter ett eller flera 
sviktande organ, till exempel lungor eller njurar, och utan intensivvård är chansen för 
överlevnad mycket begränsad. Ofta är patienterna medvetslösa, antingen på grund av 
hjärnskador eller för att de måste vara sövda till följd av smärtan och obehaget orsakade av 
själva sjukdomen, alternativt i syfte att kunna ge nödvändig behandling utan att patienten 
utsätts för smärta. Detta är naturligtvis mycket arbetskrävande, och vanligtvis har ett team av 
läkare, sjuksköterskor, sjukgymnaster och undersköterskor bara ansvar för två till tre 
patienter. Personaltätheten samt behovet av avancerad medicinsk-teknisk utrustning gör att 
intensivvård är dyrt. Därför finns det ett begränsat antal intensivvårdsplatser tillgängligt. Det 
är således av yttersta vikt att inläggning och utskrivning av patienter till och från IVA utförs 
på ett korrekt sätt. Alla och endast de patienter som bedöms behöva intensivvård ska 
behandlas på IVA. Beslut om vem som ska läggas in på IVA baseras på ett antal variabler. 
Patientens kön är inte en variabel som ska få påverka det beslutet. Den könsskillnad som 
noterats i IVA-populationen - där män utgör en större grupp än kvinnor - är därför 
otillfredsställande. Denna avhandling syftar till att undersöka den skillnaden. 

Metod och resultat 

Studie I syftade till att undersöka om tröskeln för patienter att bli inlagda på IVA är olika 
beroende på om patienten var en man eller en kvinna. Två identiska enkäter distribuerades till 
läkare i Sverige, som randomiserades till en av enkäterna. Enkäten bestod av flera patientfall 
med en avslutande fråga om respondenten ansåg att patienten behövde läggas in på IVA, ja 
eller nej. Den enda skillnaden mellan enkäterna var patientens kön i de olika fallen. 
Följaktligen skulle alla skillnader i inläggning mellan fall X i enkät ett och två bero på 
patientens kön. Med den här metoden kunde vi inte observera någon skillnad i inläggning 
som kunde hänvisas till patientens kön. 

Studie II bygger på samma metod som i studie I, men istället för åtta fall inkluderade vi bara 
ett fall. Denna studie fick stöd av European Society of Intensive Care Medicine som bistod i 
konstruktion och distribution av enkäten, som således fick stor spridning och vi fick svar från 
läkare i 75 olika länder. I likhet med studie I kunde vi inte se någon skillnad i antal 
inläggningar på IVA som kunde hänvisas till om patienten var en man eller kvinna. 

Studie III hade som mål att undersöka om det finns några skillnader i hur länge patienter 
vårdas på IVA och om det finns skillnader i överlevnad efter intensivvården, beroende på om 
patienten är en man eller en kvinna. Vi använde en databas med nästan 9000 patienter som 
vårdats på Karolinska Universitetssjukhusets IVA mellan 2006 och 2016. För att jämföra lika 



svårt sjuka patienter konstruerande vi olika statistiska modeller som tog hänsyn till de 
poängsystem som används inom intensivvård för att bedöma grad av sjuklighet hos patienten. 
Vi hittade inga skillnader i överlevnad mellan män och kvinnor, men vi fann att kvinnor har 
högre sannolikhet att bli utskrivna. 

I studie IV undersökte vi om behandlingen som ges till patienter på IVA skiljer sig beroende 
på om patienten är en man eller en kvinna. Med hjälp av samma databas som vi använde i 
studie III undersökte vi skillnader i användningen av t.ex. mekanisk ventilation, olika IVA-
typiska läkemedel och dialys. Vi fann att givet samma sjukdomsgrad får män något fler 
medicinska åtgärder under intensivvården. 

Studie V utforskar 90-dagarsmortalitet samt skillnader i överlevnad mellan män och kvinnor 
som vårdats för COVID-19 på intensivvårdsavdelningar i Sverige. Vi undersökte alla 
patienter i Sverige som vårdades på IVA mellan början av mars 2020 och slutet av juni 2020 
med diagnosen COVID-19. Vi undersökte också eventuella skillnader i behandling mellan 
män och kvinnor. Vi fann att män med COVID-19 fick mer mekanisk ventilation, stannade 
längre på IVA och hade högre risk att dö. 

Slutsats 

Vi kunde inte observera någon skillnad i läkares vilja att lägga in patienter på IVA beroende 
på om patienten var en man eller en kvinna. Vi fann heller inga skillnader i risken att dö efter 
intensivvård beroende på om patienten var en man eller en kvinna. Män verkar ha ett något 
större behov av intensivvård, vilket till viss del kan förklaras av att män och kvinnor reagerar 
olika på olika sjukdomar, beroende bland annat på olika hormonuppsättningar och olika 
genuppsättningar. Män behöver mer intensivvård och har högre risk att dö efter infektion med 
SARS-CoV-2. 

  



 

 

ABSTRACT 

There is an underlying assumption in society that critically ill patients are admitted to an 
intensive care unit (ICU) based on their illness severity coupled with their comorbidities, and 
that other variables are irrelevant. It is therefore troublesome to not fully understand the sex-
discrepancy in the ICU-population; the gender distribution in intensive care units is 
consistently found to be around 60% men and 40% women. We sought to elucidate the 
reasons for this discrepancy by constructing five different studies, covering the entire chain 
from admittance to the ICU until 90 days post intensive care. The overall aim for this thesis is 
to investigate if there are differences in allocation of intensive care resources depending on 
whether the patient is a man or a woman.  

The first two studies aimed at investigating gender differences in the afferent arm, i.e., the 
access to the ICU. This was done using surveys with fictive patient cases, where the 
respondent was to decide whether the patient in each case described was in need of ICU care 
or not. We concluded that in a blinded survey we could not see any differences in admittance 
to the ICU depending on whether the patient was a man or a woman.  

Study III is a retrospective cohort study with 8,598 adult patients admitted between 2006 and 
2016 to the ICU at Karolinska University Hospital in Stockholm, Sweden. This study 
explored differences in the efferent arm, i.e., sex- and gender-based differences in discharge 
from the ICU and mortality after intensive care. We found that women had a higher 
probability of being discharged from the ICU. There were no differences in 30- or 90-day 
mortality.  

In Study IV we used the same cohort as in study III. In this retrospective cohort study, we 
explored care provided within the ICU, specifically different ICU-typical items, for example 
mechanical ventilation, vasoactive and inotropic treatment. We concluded that differences in 
the level of intensive care provided to men and women exist. Given equal severity of illness, 
men receive more intensive care.  

Finally, in study V, we investigated differences between men and women regarding care 
provided in the ICU as well as long-term outcome for all ICU-treated patients with COVID-
19 during the spring of 2020 in Sweden. Male sex was significantly associated with mortality. 
Additionally, age, COPD/asthma, immune deficiency, malignancy, SAPS 3 and admission 
month were associated with mortality. In this nationwide study of ICU patients with COVID-
19 we concluded that men were at higher risk of poor long-term outcome compared to 
women.  
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1 INTRODUCTION 

When suffering from a disease that requires hospital care, patients are generally admitted to a 
hospital ward. If the disease causes organ failure that progresses beyond the capabilities of 
the ward, the patient needs to move to a unit with more resources. The highest level of care is 
in the intensive care unit (ICU). An ICU can offer the patient advanced monitoring and organ 
support, with a high level of staffing around the clock. But intensive care is expensive, and 
ICU beds are few and far between. This leads to a situation where there is a shortage of ICU 
beds. Hence some sort of selection needs to take place in order to secure that the patient in 
most need of intensive care is the patient who gets access to intensive care, but also that no 
patient in need is left without. 

More women than men are admitted to hospital in Sweden, but more men are admitted to the 
ICU (1). The assumption is naturally that this is in concordance with ethical values dictated 
by Swedish law; The principle of human dignity – according to which all people have equal 
value and the same right regardless of personal characteristics and social status; Needs and 
solidarity principle – according to which resources should be invested in areas (individuals or 
activities) where the needs are greatest; Cost-effectiveness principle – according to which a 
reasonable relationship between costs and impact, measured in terms of health and quality of 
life, should be sought when choosing between different measures or activities (2,3). 
Recognizing the above mentioned discrepancy between men and women in the ICU 
population as medically sound without reservations is problematic, in view of the fact that 
previous research in other medical fields have suggested otherwise (4–12). Likewise, prior 
research on sex and gender differences in ICUs have indicated that men receive more 
intensive care and have a longer length of stay (13–16), but results are conflicting, in 
particular concerning differences in mortality (17–21). Notwithstanding, if the assumption 
holds true and the discrepancy between men and women in the ICU is motivated by sound 
medical and ethical decisions, it is of interest to unveil the underlying reasons. It could denote 
a sex or gender driven general increased risk for men to develop severe illness.  

The aim of this thesis in short is to elucidate if differences in admittance, intensity of and 
outcome from intensive care differ between women and men. Both social and biological 
effects of gender and sex will be studied. In the first part of the thesis, we investigated if there 
were any differences in accessibility to an intensive care unit, using blinded randomized 
surveys. For the second part, we investigated differences in the probability of being 
discharged from an intensive care unit and if there were any differences between women and 
men regarding the level of intensive care provided once admitted. These questions were 
approached using data from the intensive care unit at Karolinska University Hospital Solna. 
Finally, we studied differences between women and men in outcome after severe COVID-19 
infection, using the Swedish Intensive Care Unit register, accessing all ICU COVID-19 
patients in Sweden between March 2020 and October 2020. 
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2 BACKGROUND 

2.1 EPIDEMIOLOGY 

Intensive care is for patients with acute, life-threatening conditions who are in need of 
continuous surveillance and possible interventions to sustain organ function. This care is 
often provided in an intensive care unit but can also be given in an emergency room and 
during transport of a critically ill patient (22). According to the Swedish Intensive Care 
Registry, there are around 45,500 admissions per year to Swedish ICUs. In 2020, there were 
43,971 admissions. The coronavirus pandemic renders 2020 and 2021 to be exceptional and 
not comparable to other years. In Sweden, there were fewer ICU admissions in total 
compared to 2019 (23). This might be caused by an increased length of stay in ICU for 
patients with Corona virus disease-19 (COVID-19) (24,25) compared to other diagnoses (13). 
It also appeared as if there were fewer admissions to ICU for other reasons then COVID-19, 
possibly caused by the need for postponing elective surgery and the general effect of a society 
in pandemic lockdown. In 2019 there were 45,478 admissions, the five most common 
diagnoses were interstitial pulmonary disease (NOS), trauma, bacterial infection, pneumonia 
and intoxication. There were more men (59.2%) than women and the median age in years 
was 58.6 and 59.7 for women and men respectively. 30-day mortality at a nationwide level 
was 15.7% for men and 16.0% for women. Corresponding 90-day mortality for men was 
19.2% and 18.8% for women (23). 1,265,033 patients were admitted to hospital in 2019. Of 
them, 686,255 (54.2%) were women (26).   

2.2 DEFINITIONS OF GENDER AND SEX 

Gender and sex are often used interchangeably. This is not in line with current discourse, and 
when it is used interchangeably it is somewhat difficult to interpret if research has been done 
with regard to sex or gender. It is likely that this issue is frequently overlooked, i.e., that sex 
and gender are used as synonyms, when they in fact have two different meanings. 

2.2.1 Gender 

The World Health Organization defines gender as the socially constructed roles, behaviors, 
activities and attributes that a given society considers appropriate for men and women. 
Gender identity is one´s innermost concept of being male, female, a blend of both or neither 
(27).  

2.2.2 Sex 

Sex is broadly defined as either of the two main categories (male and female) into which 
humans and most other living species are divided on the basis of their reproductive functions. 
Specifically, a person is typically categorized as being male if they carry chromosomes X and 
Y, or female if they carry X and X. However, it has been reported that roughly 1.7% of 
humans are intersex (28). When conducting this research, we only had access to the patients’ 
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legal sex, i.e., the sex registered in the social security number. Therefore, we dichotomize 
male/female based on the patients’ social security number. 

2.3 GENDER DISPARITY IN HEALTH CARE 

The field is vast and heterogeneous, and it is somewhat difficult to interpret if previous 
research has been done with regard to sex or gender, i.e., is the research question one for 
biological differences or social? Regardless, there is a vast body of evidence from different 
fields within health care that all point in the same direction; for some unclear reason men and 
women are treated in different ways. For example, women are less likely to get guideline 
treatment when suffering acute myocardial infarction (AMI) (29–32), both in the acute period 
but also with regard to secondary prevention. Furthermore, it is reported that women are less 
likely to receive evidence-based treatment for congestive heart failure (11,33), experience 
more emergency department delays (34) and receive less evidence-based treatment when 
presenting with stroke (35). These findings are not restricted to conditions with acute illness 
progression, like stroke and AMI. For some reason it appears that women received less 
information and encouragement than men when being referred for total knee arthroplasty (36) 
and there is a threefold underuse of arthroplasty in severe arthritis among women compared 
to men (12). Women are more prone to develop chronic kidney disease (37), but men are 
more often on haemodialysis and are more often recipients of kidney transplants (12). In 
summary, evidence suggests that there is a discrepancy in the level of care given to men and 
women. However, registry-based studies are always associated with certain limitations and 
results must be interpreted with that in mind. 

2.4 GENDER DISPARITY IN INTENSIVE CARE 

It is fair to say that the intensive care patient cohort is very heterogeneous, from young to old, 
with a wide range of comorbidities and different medical or surgical disorders leading to 
acute organ failure and need of support, especially at a mixed ICU. All of this makes it 
difficult to investigate and compare treatment between men and women with the only 
common denominator being that they are treated at an ICU. It is therefore understandable that 
there are only a handful of studies with the object of understanding how the biological sex of 
the patient affects access to, treatment within and survival after intensive care. That being 
said, certain specific diagnoses, for example sepsis and differences in treatment and survival 
within the ICU has previously been studied (38–41). In conformity with the sex/gender-
oriented research questions discussed above, it is not always clear whether biological sex or 
gender has been the focus of the research and despite being distinctive entities sex and gender 
are often used indistinctively, which also complicates interpretation of previous research. It 
can nonetheless be concluded that women are far fewer in the ICU population (13–16). 
Furthermore it has been reported that women have a shorter length of stay (13,16,17) undergo 
less invasive procedures (15) and are less likely to receive mechanical ventilation (14,17). As 
previously addressed, this conundrum has yet to be solved. 
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It is not clear whether reported differences in treatment between men and women in the ICU 
translates into any difference in mortality. The majority of studies report no difference in 
mortality (15,17–19) but there are reports of an increased mortality for women (14,20,21) as 
well as increased mortality for men (16). In an extensive study from the Apache IV registry, 
with more than 260,000 patients, women under 50 years of age had a lower mortality, while 
there was no difference in mortality between men and women over 50 years (13). Concerning 
differences in mortality after intensive care and sepsis, data is conflicting. In an early study, 
Eachempati et al found women to have a higher mortality than men in a cohort of surgical 
ICU patients with documented infection (29). Similar results were found in a large study of 
over 18,000 patients with severe sepsis, where women had a higher hospital mortality in all 
age groups, including women over 50 years of age, which is the median age of menopause in 
the USA (31). However, in smaller studies, women had a lower mortality (38,40,42) which 
makes any conclusions regarding sex-based differences in mortality more difficult. Similar 
difficulties arise when studying other critical illnesses. Shoenberg et al investigated if there 
were any differences in mortality in a cohort of severely ill trauma patients and conclude that 
women are more likely to die in the first days, but men have a higher mortality risk if the 
hospital stay is prolonged. They further conclude that women in their cohort have a lower risk 
of sepsis, which may drive survival rates towards being more favorable for women (43). 
Brattström et al reported similar results. They found men to have a higher 360-day mortality 
after trauma compared to women (44). The most in-depth analysis of mortality after trauma is 
presented in a relatively recent meta-analysis, where women appeared to have a lower risk of 
mortality in all groups except in that of the most injured patients (45). 

In the final stages of life or when further intensive care is deemed futile, a do-not-resuscitate 
(DNR) order is often written. It has been found that for patients who underwent emergency 
surgery women had a higher risk of receiving a do-not-resuscitate order (46). Furthermore, 
physicians were more prone to order a DNR on a woman who sustained an intracerebral 
haemorrhage than on a man with similar injury (47). Contesting this is a study from Lissauer 
et al. When investigating post-operative care, they found that men had a three times higher 
probability of receiving a DNR (48).  

In conclusion, opinions regarding sex- and gender-based differences in intensive care and 
mortality are divergent and the true nature of any such differences is yet to be revealed.  

2.5 GENDER BIAS 

Differences in treatment or outcome between patients of opposite sex that cannot be 
otherwise explained could be caused by gender bias. It is unlikely that explicit gender bias 
exists in health care at a group level (49) but there might still be implicit bias. Implicit bias is 
attitudes and beliefs about a person or a group that is held on an unconscious level, or when 
someone acts in a prejudiced way, whilst not intending to do so. This behavior can be 
automatic and unintentional, and the person acting in a prejudiced way can be unconscious of 
the fact that their behavior could be perceived as prejudiced. Early work by Fazio et al 
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indicated that attitudes can be activated either by controlled or automatic processes, and when 
attitudes were automatically activated, they were more prone to be prejudiced. Other studies 
revealed that awareness of stereotypes could affect social behavior in relative independence 
from subjects´ reported attitudes (50). Devine demonstrated that white students who had a 
low-prejudice attitude towards black persons would stereotype a black person in the same 
way as a white student with high-prejudice towards black people. In the next stage of 
research, it was shown that if restrained from cognitive reflection, i.e., when acting on 
instinct, the low-prejudice group would act in a similar way as the high-prejudice group (51). 
Hence, just knowing about a stereotype increases the risk of acting in a prejudiced way, if not 
given the opportunity to correct the behavior. Explicit bias is beliefs and attitudes (positive or 
negative) about a person or a group on a conscious level.  

There are several ways to test implicit bias, but the most widely used test is the Implicit 
Association Test (IAT). The test builds on reaction time measurement, were the test subject 
sort words or pictures into categories as fast as possible, whilst making as few errors as 
possible. The subject will be faster and make fewer errors when sorting words that are more 
congruent with the test subject´s beliefs. The attitudes become implicit if the test subject 
denies having those attitudes in the first place (50).  

2.6 COVID-19 

When nearing the end of working with this thesis, the world saw the dawn of a new strain of 
coronavirus emerging from Wuhan, China. Scarce reports concerning a deadly viral 
pneumonia started coming out of China in December 2019, and by mid-January 2020 China 
reported its official first casualty (52,53). By the end of January 2020, the virus had spread to 
18 countries outside China. Italy was one of the first countries in Europe where the virus, 
now known as Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2), gained a 
strong foothold and the rest of Europe held its breath as reports about the chaotic situation in 
Italy in general, and hospitals in particular, were presented in the news. The virus had spread 
to Sweden in February 2020 and the first patient in need of intensive care because of 
Coronavirus disease-19 (COVID-19) was admitted to an ICU on March 6, 2020. Early 
epidemiological work from China and Italy (54,55) suggested that men where at higher risk 
for developing severe respiratory disease, which was clinically observed in Swedish ICUs. 
For obvious reasons, considering the novelty of the disease, no long-term outcome data was 
available. Since all citizens in Sweden have a unique personal identification number, which is 
needed in all contact with healthcare and authorities, patients are very seldom lost to follow-
up. We were therefore in the unique position of being able to add knowledge concerning 
long-term outcome to the research field. We thus aimed at investigating differences in long-
term mortality between men and women with COVID-19 treated in Swedish ICUs. We also 
aimed at investigating differences between men and women regarding treatment in the ICU.  
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3 AIMS OF THESIS 

To test if the threshold for being admitted to intensive care differs if the patient is a man or a 
woman. 

To study if physicians make different choices in admitting patients to ICU, based on the 
physician´s gender or specialty.   

To investigate if patient sex affects ICU-LOS, probability of discharge and 30- and 90-day 
mortality. 

To investigate differences in admission characteristics in the form of comorbidities and 
severity of illness between men and women. 

To investigate any differences between men and women regarding the intensity of intensive 
care provided within the ICU.  

To analyze long-term outcome beyond 90 days in critically ill patients with COVID-19, with 
special focus on differences between men and women. 
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4 MATERIALS AND METHODS 

4.1 OVERVIEW 

 Study I Study II Study III Study IV Study V 

Short title The influence 
of gender on 
ICU admittance 

The impact of 
patient sex on 
intensive care 
unit admission  

Sex and gender 
aspects on 
intensive care  

 

The impact of 
patient sex and 
gender on the 
intensity of 
intensive care 

Long-term 
outcome after 
intensive care 
for COVID-19 

Design Randomized 
survey study 

Randomized 
survey study 

Retrospective 
cohort study 

Retrospective 
cohort study 

Retrospective 
cohort study 

Study 
Participants 

1,426 Swedish 
physicians    

1,004 
physicians and 
nurses 
associated with 
ESICM 

8,598 ICU 
patients 
admitted 
between 2006-
2016 

9,067 ICU 
patients 
admitted 
between 2006-
2016 

2,354 COVID-
19 ICU patients 
in Sweden 

Main outcome If threshold for 
admitting male 
or female 
patients differ 

If threshold for 
admitting male 
or female 
patients differ 

Sex-related 
difference in 
ICU length of 
stay and 
probability of 
being 
discharged 

Sex-related 
difference in 
intensity of 
intensive care 

Sex-related 
difference in 
90-day 
mortality 

Secondary 
outcome 

If physician sex 
and field of 
specialty has an 
impact on 
admission rates  

If respondents 
sex has an 
impact on 
admission rates. 

Sex-related 
difference in 
30- and 90-day 
mortality 

 Sex-related 
differences in 
baseline 
comorbidities 
and processes 
of care 

Statistical 
method 

Pearson´s chi-
square test 

Pearson´s chi-
square and GEE 

Wilcoxon rank-
sum test, 
Pearson´s chi-
square test, 
Fine-Gray 
competing risk 
regression 
model and a 
quantile  
regression 
model 

Wilcoxon rank-
sum test, 
Pearson´s chi-
square test and 
a logistic 
regression 
model 

Kaplan-Meier 
with a log-rank 
test, Cox-
regression 
model and a 
logistic 
regression 
model 

ICU Intensive care unit; ESICM European Society of Intensive Care Medicine; GEE Generalized estimation equation 
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4.2 ETHICAL CONSIDERATIONS 

Studies I-IV were approved by the Regional Ethics Review board in Stockholm (approval 
number 2017/1074-32 and 2014/756-31/1). Study V was approved the Swedish Ethical 
Review Authority (approval number 2020-01477). For studies I and II responders were 
acknowledged as test subjects. They were informed about the general aim of the study prior 
to agreeing to participate. Studies III-V are retrospective register studies, and as such written 
consent was waived. Nevertheless, the data are considered as highly sensitive under law, as 
stated by the Swedish Authority for Privacy Protection. Data has therefore been handled and 
reported in such a way that the risk of identifying a patient is minimal.  

4.3 REGISTERS AND DATABASES  

4.3.1 PDMS, Clinisoftâ  

Clinisoft is the electronic ICU patient data management system used at Karolinska University 
Hospital during the study period. All patients admitted to ICU are connected to Clinisoft, 
regardless of whether the patient is identified or has temporary patient number. Data on 
admission time and discharge time and use of different ICU items are manually registered by 
ICU nurses. International Statistical Classification of Disease and Related Health Problems – 
Tenth Revision (ICD-10) codes, Acute Physiology and Chronic Health Evaluation II 
(APACHE II) and Simplified Acute Physiology Score 3 (SAPS 3) are manually entered by a 
physician. Data is then validated, and if needed corrected by a designated Clinisoft 
administrator.  

4.3.2 Karolinska Database  

The Karolinska Database is an inhouse database at Karolinska University Hospital that 
contains patient data from different sources; the electronic medical record, the surgical 
planning system, Karolinska University Laboratory, the Radiology Information System and 
several quality registries, for example Swedeheart and Swedish Rheumatology Quality 
Register. 

4.3.3 The Swedish Intensive Care Registry 

The Swedish Intensive Care Registry (SIR) collects individual patient data from all intensive 
care units in Sweden, within the legal framework of the Swedish National Quality Registries 
(56). Data in SIR includes demographics, comorbidities, treatment given within the ICU and 
variables included in SAPS 3. Data is transferred electronically to SIR after local validation at 
each hospital. After validation at SIR, any incomplete or inconsistent patient records are 
returned to the source for correction before accepted and added to the master database. 
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4.4 STUDY I 

4.4.1 Design and study population 

A survey of eight patient cases was distributed to physicians working in any of the 15 largest 
hospitals in Sweden. Only physicians working in fields that come in contact with intensive 
care units, e.g., surgeons, anesthesiologists and emergency physicians were approached. The 
responders were randomized to one of two identical surveys, bar the sex of the patient (case 
one in survey A portrayed a woman, and the identical case one in survey B portrayed a man, 
and so on). The cases described real intensive care events but were tweaked in a way so that it 
would be debatable if the patient should be admitted to an ICU. At the end of each case, the 
respondent was asked if they would admit the patient to an ICU, yes or no. Any differences in 
admittance between each case in survey A and B would in theory be attributable only to the 
sex of the patient. Responders were randomized based on their date of birth. 1426 physicians 
responded to the survey, which represented approximately a 30% response rate.  

4.4.2 Statistical analysis 

We compared differences in admittance rate depending on whether the patient was a woman 
or a man. Furthermore, we investigated if there were any differences in admittance to ICU 
depending on if the physician was a woman or a man, regardless the of sex of the patient. 
Finally, we compared differences in admittance rate between anesthesiologists/intensive care 
physicians and all other specialties combined, regardless the sex of the patient. Differences in 
proportions were compared using Chi-squared test. All tests were two-sided and a p-value of 
<0.05 was considered as statistically significant.  

4.5 STUDY II 

4.5.1 Design and study population 

The design is analogous to the design in study I but using only one patient case, choosing the 
case in study I that proved most contentious. The study was endorsed by the European 
Society of Intensive Care Medicine (ESICM) and the survey was accessible via a hyperlink 
on ESICMs webpage. The survey was promoted via ESICMs newsletter and social media 
channels. Responders were randomized to either critical case Jane or critical case John, 
utilizing a randomization function in the software used for designing the survey 
(Surveymonkey, SurveyMonkey INC, San Mateo, USA). 1,004 individuals from 75 different 
countries replied to the survey.  

4.5.2 Statistical analysis 

Differences in admittance rate between Jane/John and differences in admittance rate 
depending on if the responder was a man or a woman, regardless the sex of the patient, was 
analyzed. Differences in proportions were compared using Chi-squared test. All tests were 
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two-sided. A p-value <0.05 was considered statistically significant. A Generalized Estimating 
Equation (GEE), clustering on country, was used to investigate if the respondent’s country of 
residence had an impact on willingness to admit patients to the ICU. 

4.6 STUDY III 

4.6.1  Design and study population 

In this retrospective cohort study, we aimed at investigating differences between men and 
women in ICU length of stay, probability of discharge and 30- and 90-day mortality in a 
cohort of patients from a mixed ICU at Karolinska University Hospital between January 2006 
to December 2016. Cardiothoracic, neurological and pediatric patients are treated in separate 
ICUs. All first-admission ICU patients ≥18 years old were eligible for inclusion. After 
excluding patients not found in the Karolinska Database (KARDA) and readmitted patients, 
8,598 patients were included. The analysis was performed on the entire cohort and on the 
non-trauma cohort separately, since the trauma cohort is distinctively different in age, sex and 
comorbidities. Data was extracted from the electronic ICU patient data management system 
(PDMS, Clinisoft®, GE Healthcare) and included age, sex, comorbidities, admission 
diagnosis codes, SOFA, APACHE II, SAPS 3, time for admission and discharge. Data on 
length of stay in hospital prior to ICU and mortality was extracted from KARDA.  

4.6.2 Statistical analysis 

Comparison of categorical variables was performed using Pearson´s chi-squared test. 
Continuous variables were compared using Wilcoxon rank-sum test and presented as median 
and interquartile range. Differences in length of stay in wards and emergency rooms prior to 
ICU admittance was analyzed using a quantile regression model. Statistical analysis was 
performed on the entire cohort and after excluding trauma patients. Differences between men 
and women in median length of stay in the ICU were analyzed using the same method. A 
priori selected variables including age, probability of mortality and Charlson Comorbidity 
Index (CCI) were included in a multivariable quantile regression model. Results are presented 
as median differences (b) and corresponding 95% confidence interval (CI).  

When comparing length of stay it is important to consider death as a competing risk of being 
discharged. For that reason, we also performed a Fine-Gray competing risk regression model, 
treating death in the ICU as a competing event. We divided the cohort into a trauma and non-
trauma group. A priori selected variables included age, probability of mortality, CCI and 
SOFA score for the day of discharge. Results are presented as sub-distribution hazard ratios 
(SHRs) with corresponding 95% CI. 
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4.7 STUDY IV 

4.7.1 Design and study population 

The aim of study IV was to investigate if the care provided within the ICU differed 
depending on if the patient was a man or a woman. We approached this question using the 
same cohort as in study III. Through the ICU patient data management system (PDMS, 
Clinisoft®, GE Healthcare), we had access to the care provided within the ICU. We decided a 
priori to specifically investigate differences in treatment in the form of invasive ventilation, 
use of vasoactive drugs, inotropic drugs, renal replacement therapy, invasive monitoring, 
evaluation with echocardiography and placement of central venous catheters between men 
and women. We were interested in investigating differences in the entire cohort, but foremost 
in patients admitted with a primary diagnosis of respiratory origin, sepsis or post cardiac 
arrest. Subgroup analysis was therefore performed on these diagnoses.  

4.7.2 Statistical analysis 

Continuous variables were compared using Wilcoxon rank-sum test and presented as median 
and interquartile range (IQR). Comparison of categorical variables was performed using 
Pearson´s chi-squared test. Comparison between the aforementioned intensive care items 
between men and women was done using a logistic regression model, both for the entire 
cohort as well as the subgroup analysis. Variables in the multivariable model were selected a 
priori and included age, estimated mortality risk and CCI. Results are presented as odds-ratios 
(ORs) and corresponding 95% CI. 

4.8 STUDY V 

4.8.1 Design and study population 

This retrospective cohort study aimed at investigating long-term outcome beyond 90-days in 
a cohort of patients with COVID-19 treated in ICUs in Sweden. The first patient was 
admitted to a Swedish ICU on March 6, 2020. Long-term mortality was for obvious reasons 
not known at this point. We set out to investigate outcome beyond 90 days, with special focus 
on differences between men and women. We performed a nationwide retrospective cohort 
study, extracting data from the Swedish Intensive Care Registry on all COVID-19 patients 
cared for in an intensive care unit in Sweden between March 6 and June 30, 2020. Patients 
were then followed until death or study endpoint, which was October 30, 2020. 

4.8.2 Statistical analysis  

Categorical variables were presented as number with percentage. Continuous variables were 
presented as median and interquartile range (IQR). Kaplan-Meier estimator with a log-rank 
test was used to evaluate differences in time to death.  
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Patient sex, age, comorbidities (cardiac disease, chronic obstructive pulmonary disease 
(COPD)/asthma, morbid obesity (BMI>40kg/m2), hypertension, immune deficiency, chronic 
liver disease, chronic kidney disease, neuromuscular disease and malignancy (neoplasia 
spread beyond regional lymph nodes)), hospital level (local, county or tertiary) and admission 
month (March, April, May or June) and its association with mortality were estimated using 
univariate and multivariable Cox regression models and expressed as hazard ratios (HRs) 
with corresponding 95% CI. We also constructed a similar logistic regression model, 
estimating factors associated with 90-day mortality. Results were expressed as odds ratios 
(ORs) with corresponding 95% CI.  
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5 RESULTS 

5.1 STUDY I 

The survey had 1,426 respondents. After contact with human resources departments at the 
different hospitals, we approximated the number of possible responders to 4,800. This would 
render us a response rate of 30%. The majority of respondents were between 30-39 years of 
age. Baseline demographic data of respondents are provided in table 1. We found no 
significant differences in admittance rate based on the gender of the patient (table 2). Women 
physicians tended to be more willing to admit patients, regardless of the gender of the patient 
(table 3). Compared to all other specialties, anesthesiologists/intensive care physicians were 
more willing to admit patients in five out of eight cases. 

Table 1. Demographic data of respondents 

 Survey 1 n = 679 Survey 2 n = 747 

Gender (n, %) 
Women 298 (43.9 %) 320 (42.8 %) 
Men 381 (56.1 %) 427 (57.2 %) 

Age (years, %) 
20–29 31 (4.6 %) 23 (3.1 %) 
30–39 279 (41.1 %) 288 (38.6 %) 
40–49 188 (27.7 %) 229 (30.7 %) 
50–59 108 (15.9 %) 126 (16.9 %) 
60–69 71 (10.5 %) 78 (10.4 %) 
70-79 2 (0.3 %) 3 (0.4 %) 

Type of Hospital (n, %) 
   Regional Hospital  542 (72.6 %) 

Central Hospital 151 (22.2 %) 173 (23.2 %) 
Rural Hospital 22 (3.2 %) 21 (2.8 %) 
Not given 11 (1.6 %) 11 (1.5 %) 

Title (n,%)  

Resident 236 (34.8 %) 247 (33.1 %) 
Board certified specialist 148 (21.8 %) 174 (23.3 %) 
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 Survey 1 n = 679 Survey 2 n = 747 

Assistant senior physician 37 (5.4 %) 39 (5.2 %) 
Senior Physician 258 (38.0 %) 287 (38.4 %) 

Specialty (n,%) 
Emergency medicine 30 (4.4 %) 32 (4.3 %) 
Anesthesiology /Intensive Care 166 (24.4 %) 166 (22.2 %) 
Gynecology 52 (7.7 %) 47 (6.3 %) 
Infectious diseases 44 (6.5 %) 64 (8.6 %) 
Cardiology 44 (6.5 %) 46 (6.2 %) 
General surgery 80 (11.8 %) 80 (10.7 %) 
Internal medicine 125 (18.4 %) 135 (18.1 %) 
Oncology 39 (5.7 %) 47 (6.3 %) 
Orthopedic surgery 54 (8.0 %) 71 (9.5 %) 
Urology 15 (2.2 %) 21 (2.8 %) 
Ear, Nose, Throat 27 (4.0 %) 33 (4.4 %) 

Other 3 (0.4 %) 4 (0.5 %) 
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Table 2. Female vs. male gender of the patient 

 Female patient Male patient p-value 

Case 1 39.9 % 39.0 % n.s. 
Case 2 37.9 % 38.3 % n.s. 
Case 3 40.4 % 43.9 % n.s. 
Case 4 70.7 % 68.1 % n.s. 
Case 5 63.0 % 62.0 % n.s. 
Case 6 66.9 % 69.8 % n.s. 
Case 7 48.9 % 53.3 % n.s. 
Case 8 65.6 % 63.6 % n.s. 

 
Proportion of patients deemed in need of ICU care dependent of patient gender 

Table 3. Respondent: female vs. male, regardless of the gender of the patient 

 Female respondent Male respondent p-value 

Case 1 42.4 % 37.0 % 0.04 

Case 2 37.1 % 38.9 % n.s 

Case 3 41.4 % 42.8 % n.s. 

Case 4 72.0 % 67.3 % n.s. 

Case 5 67.5 % 58.7 % 0.001 

Case 6 73.5 % 64.4 % <0.001 

Case 7 47.4 % 54.1 % 0.01 

Case 8 62.8 % 66.1 % n.s. 
 

 

5.2 STUDY II 

The survey received 1,004 responders from 75 different countries (table 4). There was no 
significant difference in admitting female patient “Jane” or male patient “John” to an ICU 
(Jane 68.3% vs. John 70.1%, p=0.341) (table 5), nor was there a difference in admittance 
depending on the gender of the respondent. This was further established after having 
performed a GEE clustering on country.  
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Table 4. Demographics of the respondents 

Responders Jane case John case 
 

Gender (n, %)   

  Female 158 (32.9) 162 (32.2) 

  Male 323 (67.1) 341 (67.8) 

Age (n, %)   

  21–30 36 (7.5) 45 (9.0) 

  31–40 198 (41.2) 203 (40.7) 

  >41 247 (51.4) 251 (50.3) 

Type of hospital (n, %)   

  Urban 86 (17.9) 100 (20.0) 

  Regional 115 (23.8) 114 (22.8) 

  University Affiliated 282 (58.4) 287 (57.3) 

Specialty (n, %)   

  Anaesthesiology 276 (57.0) 298 (59.2) 

  Critical/Intensive Care Medicine 93 (18.4) 99 (20.4) 

  Cardiology 9 (1.9) 5 (1.0) 

  Internal medicine 55 (11.4) 59 (11.7) 

  Surgery 6 (1.2) 4 (0.8) 

  Other 45 (0.9) 38 (0.8) 
 

 

Table 5. Female vs. male responder, regardless the gender of the patient. *Chi-square test. 

Gender of Respondent Admitting patient (n, %) 

No Yes 
 

Female 97 (30.3) 223 (69.7) 

Male 198 (29.7) 465 (70.1) 

  p* = 0.886 
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5.3 STUDY III 

Of the 8,598 included patients with a primary ICU admission, 36.6% were women. After 
excluding trauma patients men were older, had a higher CCI and higher median SAPS 3 and 
probability of mortality than women. There was no difference in median APACHE II. 

In the univariate analysis, median LOS in hospital prior to ICU admission was significantly 
longer for women with a median time of 3.7 hours vs 2.4 hours for men (b = -1.3 hours, (95% 
CI -1.77--0.86)). In the multivariable analysis the difference was no longer significant. After 
excluding trauma patients similar results were noted. No differences were noted in the 
multivariable models when analyzing non-trauma patients admitted from the emergency 
department and hospital wards separately. 

Median ICU-LOS for women was 34.1 hours and for men 37.4 hours. After adjustment in the 
multivariable quantile regression model there was no detectable difference between men and 
women. After excluding trauma patients median ICU-LOS for women and men were 35.7 
hours and 40.6 hours respectively. This discrepancy proved non-significant in the 
multivariable analysis (table 3). 

In the competing risk analysis after adjustment for age, CCI, probability of mortality and 
SOFA score, men had a lower probability at any time of being discharged from the ICU 
compared to women (SHR 0.94, 95% CI 0.90-0.99) (table 6). Analysis without SOFA score 
did not change the results. When stratifying on trauma and non-trauma patients there was no 
evidence of a sex difference in probability of being discharged.  

30-day mortality was 14.4% for women and 13.5% for men. Corresponding results for non-
trauma patients was 15.2% and 18.0%. 90-day mortality was 18.5% for women and 17.5% 
for men. 90-day mortality for non-trauma patients was 20.5% for women and 23.3% for men. 
In the logistic regression model, there was no evidence of a sex difference in 30- or 90-day 
mortality in the non-trauma group or when including all patients. Analysis without SOFA as 
an explanatory variable did not change the results (table 7).  

  



 

20 

Table 6. Univariate and multivariable Fine-Gray competing risk regression model exploring probability of being 
discharged from the ICU, data presented as Sub-distributed Hazard Ratio (SHR) and 95% CI. 

Patients Univariate Multivariabled 

 

All patientsa 

Female Ref Ref 

Male 0.97 (95% CI 0.92–1.01) 0.94 (95% CI 0.90–
0.99) 

Trauma patientsb 

Female Ref Ref 

Male 1.03 (95% CI 0.93–1.14) 0.94 (95% CI 0.84–
1.04) 

Non-trauma patientsc 

Female Ref Ref 

Male 0.92 (95% CI 0.87–0.97) 0.95 (95% CI 0.90–
1.00) 

a8598 and 8394 patients included in univariate and multivariable analyses respectively.  
b2346 and 2265 patients included in univariate and multivariable analyses respectively. 
c6252 and 6129 patients included in univariate and multivariable analyses respectively.  
dAdjusted for age, probability of mortality and CCI. 

 
Table 7. Univariate and multivariable logistic regression analyses exploring 90-day mortality, data presented as 
OR (95% CI). 

 Univariate Multivariablec 

All patientsa 

Female 

Ref Ref 

Male 0.9 (0.8–1.0) 1.0 (0.8–1.1) 

Non-traumab 

Female 

Ref Ref 

Male 1.2 (1.0–1.3) 1.0 (0.9–1.2) 
 

a8658 and 8394 patients included in univariate and multivariable analyses respectively. 
b 6270 and 6129 patients included in univariate and multivariable analyses respectively. 
cAdjusted for age, probability of mortality, CCI and SOFA score on day of discharge. 
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5.4 STUDY IV 

In total 9,067 patients were included in the study. There were more men than women 
admitted to the ICU, with a male dominance of 63.6%. Median [IQR] age (61 [41 – 72] vs. 
59 [41 – 70]; p = 0.001) and estimated mortality risk (11.1 [3.1 – 29.9] vs. 9.9 [2.9 – 29.1]; p 
= 0.03) were statistically higher in women. According to admission diagnosis, women were 
more likely to be admitted with a respiratory disease (22.6% of the women vs. 18.2% of the 
men; p < 0.001), neurological disease (2.2% vs. 1.4%; p = 0.01), intoxication (5.5% vs. 4.4%; 
p = 0.018), sepsis (12.7% vs. 10.2%; p = 0.004) or other (7.4% vs. 5.5%; p = 0.000) whilst 
men were more likely trauma patients (30.0% of the men vs. 15.9% of the women; p = 
0.000). 

Overall, men were more likely to receive mechanical ventilation (OR 1.28 (95% CI 1.17 – 
1.41)), vasoactive treatment (OR 1.16 (95% CI 1.06 – 1.27)) and intermittent haemodialysis 
or continuous renal replacement therapy (RRT) (OR 1.21 (95% CI 1.04 – 1.40)) (table 2). In 
additional subgroup analyses, men were more likely to be administered levosimendan if 
admitted to ICU with sepsis (OR 1.45 (95% CI 1.03 – 2.04)) or cardiac arrest (OR 2.11 (95% 
CI 1.27 – 3.49)). If admitted with a cardiac arrest diagnosis, men more often received a 
central venous line (1.60 (95% CI 1.04 – 2.45)) (table 3 and 4). Men were also more likely to 
receive mechanical ventilation (1.22 (95% CI 1.01 – 1.49)) if admitted with a respiratory 
diagnosis (table 5). Women were not more likely to receive any of the items investigated. 

5.5 STUDY V 

During the study period, 2,481 ICU patients with confirmed SARS-CoV-2 were reported to 
SIR. We excluded 127 patients who were admitted to ICU with a primary diagnosis not 
associated with COVID-19 (n=64), had a temporary Swedish personal identification number 
(n=62) or invalid registration data (n=1). In total, 2,354 patients with laboratory-confirmed 
COVID-19 were included in the final analyses. 73.2% were men. Median age was 61 (IQR 
52-69) years for the entire patient cohort, 60 (IQR 50-70) and 61 (IQR 53-69) years for 
women and men respectively. Median duration of symptoms before ICU admission was 10 
(IQR 7-13) days. Of the 632 women included in the study, 20 (3.2%) were pregnant at ICU 
admission. 851 (36.2%) patients had no reported comorbidity at admission; no comorbidities 
were noted in 216 (34.2%) women and 635 (36.9%) men respectively. 74.7% received 
invasive mechanical ventilation for a median total duration of 313 (IQR 186-534) hours. 
Corresponding figures for women were 70.3% with a duration of 266 (IQR 165-443) hours 
and for men 76.3% with a duration of 331 (191-571) hours. Renal replacement therapy and 
prone position was reported in 19.2% and 46.3% of the patients respectively, both treatments 
were more common in men than women.  Median total length of ICU stay was 12 (IQR 5-22) 
days; 10 (IQR 4-18) days for women and 13 (IQR 6-24) days for men.  

Median follow-up time was 183 (IQR 158-199, range 114-230) days. In total, we observed a 
crude mortality at 30-days of 23.3%, in women 21.4% and in men 24.0%. Mortality at 90-
days was 26.9% for the entire study cohort, 23.4% and 28.2% for women and men 
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respectively. After 90 days until end of follow-up, only 11 deaths occurred. Overall time to 
death is depicted in figure 1.  

In the Cox regression model, male sex, age, cardiac disease, COPD/asthma, diabetes, 
hypertension, immune deficiency, chronic liver disease. chronic kidney disease, malignancy, 
SAPS 3 (excluding age and comorbidity components) and admission month were 
significantly associated with mortality. In the multivariable Cox regression analysis, male sex 
(HR 1.28, 95% CI 1.06-1.55) remained significantly associated with mortality even after 
adjustment for the above-mentioned covariates, also including morbid obesity and 
neuromuscular disease. In addition, age (HR 1.07, 95% CI 1.06-1.08 per year), COPD/asthma 
(HR 1.46, 95% CI 1.20-1.79), immune deficiency (HR 1.56, 95% CI 1.18-2.07), morbid 
obesity (HR 1.45, 95% CI 1.05-1.99), malignancy (HR 1.81, 95% CI 1.19 - 2.74), SAPS 3 
(HR 1.04, 95% CI 1.03-1.05 per unit increase) and admission month (HR 0.48, 95% CI 0.36-
0.63, June vs. March) were also significantly associated with mortality. We could not 
demonstrate any statistically significant interaction between age and patient sex (figure 2). 

	

Figure 1. Time to death for men and women admitted to ICU. After 90 days, only 11 more deaths occurred.  
p = 0.016  
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Figure 2. Univariate and multivariable Cox regression exploring 90-day mortality. Local hospital is 
considered as reference. March is considered as reference month

0 1 2 3 4

June
May
April

Tertiary Hospital
County Hospital

SAPS3, per 1 unit increase
Malignancy

Neuromuscular disease
Chronic kidney disease

Chronic liver disease
Immune deficiency

Hypertension
Morbid obesity

Diabetes
COPD/Asthma

Cardiac disease
Age, per year

Men

Hazard ratio

Multivariable Cox regression

Univariate Cox regression





 

 25 

6 DISCUSSION 

6.1 GENERAL DISCUSSION  

This thesis is based on one simple question, asked six years ago: “Why are so many ICU 
patients men?”. At first glance it is easily explained by a few well-known facts; men are more 
often subject to trauma and trauma patients often end up in the ICU, and men are more prone 
to develop diseases that require intensive care. This has been previously described in several 
studies (57–61). However, after removing trauma patients from the equation, there are still 
more men in the ICU (62,63). And we still did not know if men truly are more prone to 
develop diseases that require intensive care, or if there is some unknown factor that 
contributes to the inequity. Hence, the overall aim of this thesis was to investigate why there 
are more men in the intensive care unit, and if men and women are treated differently whilst 
in the ICU.  

There are more women than men admitted to hospitals in Sweden in general (26), but more 
men admitted to the ICU (19,23). The first question that needed answering was therefore if 
the threshold for accessing the ICU differed between men and women, given equal burden of 
disease. The ideal way of answering this would be to determine the level of illness in all 
patients in the hospital, and then to investigate which patients were admitted to an ICU. A 
study of that kind might be possible in the near future, depending on new ways of surveying 
patients, but at the moment we had to approach it differently. As we did not expect our 
colleagues to have an explicit bias towards men or women, merely asking our colleagues if 
they would prefer to admit a man or a woman to ICU would hardly work. On the off chance 
that physicians do have a patient gender preference, it is not probable that this clouds clinical 
judgement, given that they are not under severe stress. We had to somehow evoke any 
potential implicit bias which is more difficult than one might think.  

We wanted to investigate if women were less likely to be admitted to ICUs because of 
implicit bias. Our notion was that if we would randomize responders to one of two identical 
surveys (where only gender of the patient differed) asking them if they would admit a fictive 
potential ICU-patient, and also blind them to the true aim of the survey, any difference in 
admittance rate between the two surveys would be attributable to the only variable that 
separated them, namely the gender of the patient. This still holds true; if any difference was 
observed it would likely be caused by gender bias. Hence, the specificity of the test is high. 
The problem in analyzing the results occurred when it became obvious that there was no 
difference in admittance between men and women. It is reasonable to assume that the test 
lacks sensitivity to detect implicit bias. In the most widely used test for implicit bias, the 
Implicit Association Test (IAT), time is introduced as a variable, with the purpose of 
removing cognition, making the respondent answer intuitively. This was not a part of our test. 
Still, there is evidence supporting our approach (64), and the null result is encouraging. We 
conclude that when exposed to a fictive paper case, Swedish physicians do not exhibit any 
tendency for gender bias when admitting patients to the ICU. In an effort to sharpen the tool 
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we reconstructed the survey, removing all but one case from study I, keeping only the case 
that had proved to be the most contentious regarding whether to admit or not. The European 
Society of Intensive Care Medicine agreed to endorse the study, which they did by assisting 
in construction of the survey, promoting it and linking to it from their website. Even if we 
considered results from this survey slightly easier to interpret, we still had reason to believe 
that we lacked sensitivity and we found no difference in admittance rate between men and 
women. Furthermore, there was the problem of response rate. In study I, we could 
approximate response rate by extracting information concerning the number of physicians at 
each hospital who were likely to be receiving our study. For study II, it was impossible to 
establish a response rate.  

To summarize study I and II, we could not see any difference in ICU-admittance between 
men and women, but the studies were hampered by lack of sensitivity and high risk of 
volunteer bias. To our knowledge this has not been studied in this setting previously, but 
when investigating differences in ICU-admittance between men and women in a trauma 
cohort it was reported that men were more likely to be admitted to an ICU. The difference 
was restricted to patients with less severe injury and did not translate to a beneficial effect on 
mortality. On the contrary, men had a higher risk of mortality overall (65). Similarly, in a 
large study from Canada, Dodek et al found men to be more likely to be admitted to an ICU 
even after adjusting for confounders (62). 

The next step was to investigate if the discrepancy in ICU population between men and 
women was caused by differences in ICU length of stay. Could it be that men were given 
more time in the ICU and that is what caused the discrepancy in ICU population? The 
principal question that we wanted answered was if given equal disease burden, do men stay 
longer in the ICU than women? We investigated this by utilizing a data set of approximately 
9,000 ICU patients. The challenging part is clearly how to ensure that we compare equally 
sick patients. For each patient, different severity of illness scores is filled out by the 
physician. Acute Physiology and Chronic Health Evaluation II (APACHE II) was used by the 
hospital as severity of illness score until 2010. After 2010 the hospital instead started using 
Simplified Acute Physiology Score 3 (SAPS 3). These are filled out the day the patient is 
admitted to the ICU, and its purpose is to predict the mortality risk. Both APACHE II and 
SAPS 3 have been validated in several different settings (66–68) and proved to have 
acceptable performance regarding predicting mortality and have showed similar results when 
compared (69,70). For the purpose of being able to include all patients in the cohort, we 
decided to treat the estimated mortality risk (EMR) calculated from APACHE II and SAPS 3 
as equivalent to each other. But the EMR only gives us a baseline risk, which makes our 
patients comparable at admission. We also needed some way to compare patients over time, 
since we are investigating the length of stay. Every day, an additional score is supposed to be 
filled out by the physician; The Sequential Organ Failure Assessment (SOFA) score. Its 
purpose is to evaluate the patient’s rate of organ failure and its practical use in research to 
serve as proxy for illness progression. It is frequently used as a mortality prediction model in 
ICU-patients (71–74). However, filling out SOFA is unfortunately often overlooked, and we 
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had too many missing values for it to be used as intended. Realizing that we were unable to 
use SOFA was naturally a setback. Luckily, the SOFA score was more frequently filled out 
on the day of discharge. This gave us the opportunity to use it as a variable (SOFA out). In an 
effort to minimize the risk of comparing men and women who at baseline were unequally ill, 
we also used a third scoring system, Charlson Comorbidity Index (CCI). This index is 
developed for approximating 1-year mortality risk using weighted scores calculated from 
different comorbidities (75) and has been validated and used in intensive care settings (76–
79). With this information we could construct a Fine-Gray competing risk model, treating 
death in the ICU as a competing risk of being discharged from the ICU using age, sex, EMR, 
SOFA out and CCI as explanatory variables. We further constructed identical logistic 
regression models for comparison of 30- and 90-day mortality. From this we learned that men 
had a slightly lower probability of being discharged, but similar 30- and 90-day mortality. It 
is not unambiguous how these findings should be interpreted, especially considering that 
there is no difference in ICU-mortality between men and women. Nevertheless, given that the 
patient does not die in the ICU, men have a slightly lower probability of discharge from the 
ICU at any time. The clinical relevance of this is unclear, but results are in concordance with 
previous research. In a very large study Mahmood et al found a small survival advantage for 
women <50 years of age, and no difference in mortality between men and women >50 years 
of age (13). Valentin et al found no difference in mortality following intensive care (15), but 
disparate results exist (39,42,80,81). These studies are however becoming dated. In a more 
recent study from Sweden, no difference in mortality was observed (19). We concluded that 
the main finding of this study was that there were no differences in mortality. This is certainly 
encouraging. The only remaining question was if there were any differences in the intensity 
of intensive care offered to men and women. 

This led us to our fourth study, where we aimed at investigating differences in the care 
provided within the ICU. We used the same cohort as in study III, with the exception that 
readmissions were added. The intensive care items compared are described in methods. For 
this analysis we decided against using SOFA as an explanatory variable, on the basis of 
having too much data missing. Interestingly, it appears as if men overall receive more 
invasive ventilation, vasoactive treatment and renal replacement therapy. In the subgroup 
analysis we found that men admitted with respiratory diseases received more invasive 
ventilation, and men admitted with sepsis or after cardiac arrest received more inotropic 
treatment in the form of levosimendan than women. Similar results have been previously 
described in multi-center studies from Austria and Canada (14,15). In both studies, women 
were found to be less likely to receive common intensive care treatments. In contrast to 
Fowler et al, who found older women to have a slightly increased risk of death in the ICU 
(14), Valentin et al found no adverse effect on mortality (15).  

The outbreak of corona in 2019 causing a pandemic in 2020 and 2021 has resulted in great 
suffering worldwide. As clinicians working with COVID-19 patients in hastily constructed 
temporary COVID-19-specific intensive care units, it became clear to us fairly early that a 
majority of patients were men. Reports from China and Italy confirmed this (82,83), but there 
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was naturally a knowledge gap regarding differences between men and women in long-term 
mortality, comorbidities and level of care in the ICU. For our final study, we therefore 
investigated differences in long-term outcomes in women and men following infection with 
SARS-CoV-2. A majority of patients were men (73.2%) and they had a higher risk of 
mortality, received more invasive ventilation, renal replacement therapy and were more often 
placed in prone position. This is somewhat in line with current literature, with several centers 
reporting more men in their ICUs, and a higher mortality risk for men (83–85). There are to 
our knowledge no other studies reporting differences in care provided to men and women 
with COVID-19.  

To conclude study III, IV and V it seems as if men need more time and resources in the ICU, 
but with no positive effect on survival rate. There is a possibility that given equal level of 
treatment, women would have a survival benefit, assuming that more invasive ventilation, 
renal replacement therapy and inotropic treatment equals better outcome. Why men need 
more intensive care is however still an enigma. There is by now a fair body of evidence 
supporting sex-differences in various pathophysiological responses to illness, where men in 
general seem to develop a more severe response in several different organs (86–91). This is at 
large explained by differences in sex-hormones (92–95), but this is likely only part of the 
explanation, as sex-chromosomes, genomic and epigenomic differences also play a part in the 
regulation of the immune response (96,97). The field is vast and complicated, but there are a 
few points that require attention: 

6.1.1 Respiration and immune response 

Men seem to be more at risk for developing severe respiratory symptoms following acute 
respiratory illness (98,99) and at least there are plausible explanations for differences in 
development of acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) 
(99). This is clearly observed in study V and attributed to differences in immune response to 
viral infection. Both X- and Y-chromosomes have immunoregulatory genes and incomplete 
inactivation of these genes affect the risk of autoimmune diseases as well as the response to 
vaccination and virus infection. Sex steroids also have a direct effect on immune cell 
function, which results in different immune response to disease (100). Similar results have 
been presented for the development of sepsis, where men had increased level of 
proinflammatory cytokines and decreased levels of cytokines with anti-inflammatory 
properties as compared to women (42). 

6.1.2 Cardiovascular response 

Sex-differences in cardiovascular diseases have been thoroughly investigated (30,101–103), 
and there is compelling evidence regarding differences in heart failure, that would at least 
partly explain the differences in use of levosimendan noted in study IV. Men are more prone 
to develop macrovascular coronary artery disease, commonly leading to heart failure with 
reduced ejection fraction (HFrEF) while women are more prone to develop endothelial 
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inflammation, leading to microvascular dysfunction, which in turn leads to heart failure with 
preserved ejection fraction (HFpEF) (104). This will in turn lead to less use of levosimendan 
in women, since its primary indication is in HFrEF, even if some positive results have been 
found also in HFpEF (105). Estrogen might play a role as explanatory variable in the 
pathophysiology of heart failure; treatment with estrogen preserved ejection fraction in rats 
with heart failure (106) and administration of estradiol post hemorrhagic shock in rats 
restored their cardiac index to sham levels (107). There also seems to be sex-specific 
differences in vascular response to illness, as demonstrated by Li et al who found that 
premenopausal women have a stronger responsiveness in vasoreactivity compared to 
postmenopausal women and men when investigated in healthy humans. In their rat model, 
they found that male rats lost more of their vascular reactivity compared to female rats 
following hemorrhagic shock (108). Infusion of exogen 17-b estradiol increased MAP and 
animal survival. This may in part justify why women received less vasoactive treatment as 
compared to men in our study. 

6.1.3 Acute kidney injury 

Differences in incidence of acute kidney injury (AKI) between men and women have been 
priorly investigated. Women have been found to be less likely than men to develop AKI 
(9,109,110) and there is compelling evidence from animal models supporting the role of 
estrogen to be protective against the development of AKI (111–113). This is in line with our 
results, where we found that men receive more renal replacement therapy (RRT) then 
women.  
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6.2 METHODOLOGICAL CONSIDERATIONS 

This thesis is built on epidemiology, where we investigate exposure and outcome in intensive 
care patients. We aimed at answering questions regarding any sex- and gender differences in 
intensive care but to be able to interpret the results correctly one must be aware of certain 
definitions and pitfalls.  

6.2.1 Internal validity 

Internal validity is defined as to which extent the observed results in a study are accurate, or 
the result of different types of methodological errors. Within epidemiology, typical 
systematic errors are bias and confounding. Errors can also be caused by random errors. 
There are several different types of bias. In this thesis, both different forms of selection bias 
and information bias are at risk of distorting results. Furthermore, unmeasured confounding 
can always have a potential influence on results and are by nature difficult to shield from.  

6.2.2 Volunteer bias 

Volunteer bias is a form of selection bias. It occurs when respondents who volunteer to 
participate in a study do not represent the target population. A low response rate increases the 
risk of volunteer bias. As previously mentioned, in study I and II there was a very low 
response rate. Consequently, the risk of volunteer bias is high in both study I and II. 

6.2.3 Measurement error 

Measurement error is a form of information bias and occur when we do not measure what we 
intend to measure. This can be caused be erroneous instruments. In the case of a survey study, 
it can also occur because of attitudes from the respondent, for example carelessness. There is 
a risk of measurement error in both study I and II. We think we measure implicit bias, but it is 
likely that the surveys did not evoke implicit attitudes in the respondents.  

6.2.4 Confounding 

A confounder is a variable that influences both the independent (X) and dependent (Y) 
variable, and thereby incorrectly suggests causal effect between X and Y. Known 
confounders can be predicted and adjusted for with the use of statistical modelling. However, 
unknown confounders are inherently impossible to correct for and might therefore cause 
results to be misinterpreted. For studies III-V there is a risk of unknown confounders. Partly 
because of the complex form of care provided in the ICU; there are a multitude of variables 
that are unmeasured, which physicians and nurses value when deciding on different ways to 
treat the patient.  
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6.2.5 Random error 

If an error is not systematic, they are random. They can occur because of mistakes from a 
respondent or in the collection of data. Since a random error is not repeatable, the impact on 
results will diminish with a larger sample size. Studies III-V in this thesis were all based on 
large cohorts, and the risk of random errors is considered to be low.  

6.2.6 External validity 

The concept of external validity is constituted by the extent to which the results of the study 
can be generalized beyond the cohort included in the study. External validity is highly 
dependent on internal validity. If the internal validity is low, external validity will be 
consequently low. High internal validity however does not guarantee high external validity if, 
for example, the sample is highly specific and not easily compared to a different cohort. The 
work that constitutes this thesis is generalizable to populations in countries with similar 
socio-economic profile and health care systems, i.e., tax-based funded health care. Privately 
funded health care will introduce other variables that might influence results, for example 
differences in financial condition and ability to pay between men and women. 
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7 CONCLUSIONS 

This thesis aimed at investigating the entire chain of events surrounding an intensive care 
episode, from admittance until 90-days post intensive care. Concerning the afferent arm, we 
did not observe any differences in admittance to the ICU that could be attributable to gender 
bias. When investigating the efferent arm, we found no differences in mortality. We did 
however find that men have a lower probability of being discharged from the ICU. 
Furthermore, we found that men received more intensive care in the form of invasive 
ventilation, vasoactive treatment and RRT. If admitted with sepsis or post cardiac arrest, men 
received more inotropic treatment.  

In patients admitted with COVID-19, we found that men had a higher long-term mortality, a 
longer length of stay and received more intensive care resources in the form of invasive 
ventilation, RRT and being positioned in prone position.  
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8 POINTS OF PERSPECTIVE 

Even if there was an absence of gender bias in this thesis, future research should 
systematically include sex and gender as variables of investigation. We have historically 
treated men and women differently within the field of medicine, and even if that might have 
been medically sound, it is not until now that we have a deeper understanding of the reasons 
behind differences in treatment. Different people respond differently to disease. 
Dichotomizing on patient biological sex might be an oversimplification, but it could be an 
important step when aiming at individualizing treatment.  

 





 

 37 

9 ACKNOWLEDGEMENTS 

I would like to express my sincere gratitude to everyone who has supported me in this 
project. All in all, it has been a fantastic journey, and I would especially like to extend my 
deepest gratitude and thanks to the following persons. 

Emma Larsson, my principal supervisor. I can´t believe that you entrusted me to be your 
first PhD-student! I know that it hasn’t always been easy, and I bet that you at times regretted 
the choice…But if I´ve ended up alright, it’s all you. Your ability to juggle life, children, 
research and work is unparalleled. I am so lucky to have had you as my principal supervisor, 
keeping an eye on me, and always, regardless of other commitments, finding the time to help. 
I got this we-did-it feeling. Thank you! 

Gabriella Jäderling, my co-supervisor. You were there for my first trembling steps in Stata 
and then all the way. Not only my co-supervisor, but also my mentor during my time as a 
resident physician; you are a role model ICU-physician. Thank you for always being there. 
Now let´s catch up on all the postponed celebrations! 

Max Bell, my co-supervisor. Everyone should have a Max on their team. You might not be 
aware of it, but you have been invaluable for me during this process. When things seem really 
hard, you make it feel easy. A just-do-it kind of thing. Self-doubt is a real thing for many 
when working on their thesis, and you help mitigate it. This, everyone should know, is 
awesome.  

Eddie Weitzberg, professor at PMI and Karolinska Institutet and as luck has it, also my 
mentor. Ok, here it is; I want to be like you. Smart, fun and kind. An astounding 
neurointensivist and researcher. On top of all this, a stellar golf player. You nailed it all.  

Lars I Ericsson and Anders Oldner, professors at PMI. What you have done is remarkable. 
And I am not only talking about your incredible academic merits, but what you have done for 
us, creating a clinic where research is an integrated and natural part of work. It is always 
inspiring and encouraging to discuss various questions with you. Thank you. 

Kristina Hambraeus Jonzon. It is fascinating to ponder upon life-changing events. Meeting 
you, and being hired by you, is such an event for me. I can´t thank you enough.  

Jonas Blixt. First friend, now boss. Still friends. Thank you for taking me on and allowing 
me to aim for new goals. Great times ahead! Maybe you will have time for Ramis next year? 
Be my roomie, again?  

Bijan Darvish, head of education at PMI. What an absolute star you are. Thank you for 
always being there, always with a friendly word, always with a laugh. Together with Kristina 
you created the best residency in Sweden, taking such great care of all your apprentices. You 
are the best and I owe you so much. 



 

38 

Peter Rudberg, head of residency and former boss. You have my most sincere admiration 
for your fantastic skills as a clinician and tutor. Being a resident at PMI was such smooth 
sailing under your command, just follow along and it will be fine. All because of the hard 
work that you and the others put in. I am so grateful for this. I only wish we will get the 
chance to work more together in the future! Also, we talked about grabbing a pint, celebrating 
that you managed to drag me through residency. Don´t forget! 

Karin Hellgren, my deepest gratitude for arranging a very comprehensive and enlightening 
course in epidemiology.  

The biostat magicians, Andrea Discacciati and Professor Matteo Bottai, thank you for your 
invaluable help with statistics and Stata. It has been a privilege! 

Maggie Brohmée, honestly, what would we do without you? When you were gone, the 
hospital was in complete chaos, you must have read about it in the news, it was all over the 
place. Then you came back, and everything became better! Thank you for all your invaluable 
help.  

My heartfelt thanks to our fantastic scheduling crew. You do what I dread the most. 
Foremost, I want to thank Daniel Ringby and Linda Rydén, for always checking in and 
listening, and creating a schedule that allowed for research when times were truly hard. 

Erik von Oelreich, you are such a fantastic person, friend and colleague. I was so lucky to 
tag along with you in Research school. Always so kind, always there to listen and help. Your 
amazing sense of humour made even the darkest days brighter. Honestly, I could not have 
done it without you. And thank you for always almost putting up with my not-so-humble 
bragging… 

Anil Gupta, I think that we have proven that locker-room-talk is something completely 
different than what they think on the other side of the pond. Always kind, always supporting 
and always inspiring.  

Niklas Grevfors. I want to thank you not only for your friendship, your amazing can-do 
spirit and your loyalty which is all truly inspiring, but also for the work you do for all of us in 
your role as our union representative. Thank you, my friend. 

The NIVA/N-op crew, all of you. You are absolute superstars to work with. David Nelson, I 
am so much looking forward to times ahead, and I am deeply grateful and proud to be able to 
hang out with you at NIVA! It is slightly intimidating, but mostly inspiring to be a part of 
your gang.  

 All my colleagues at PMI. What a truly amazing group of people you are. Immensely 
talented, kind and hard working. You make it feel like coming home every day. I don´t think 
that we have ever worked as much and as hard as we have done this past year. It has taken its 
toll on us, for sure. When writing these lines, we are in the midst of the third wave, which no 



 

 39 

one can bear, really. The fact that you allow me to take time off to finish my thesis is an 
absolute bliss. I don´t have the words express my gratitude.  

Daniel Falk, best friend and godfather to my youngest. A touchstone in my life, thank you 
for being there for me. Now when this is all done, I might be able to catch you.  

Erik Thorén, for telling me to use my brain and study. Good advice. Proved to have great 
impact on future Eriks life. Also, for being my Word and PowerPoint God.  

Christian Grundberg, my dear friend from medical school. Thank you for all the hours of 
walking and talking. Carl Aulin, all the great times we had, coming back to Sthlm. Thank 
you for joining me that evening in 2012!  Axel Tovi, my old friend and source of inspiration. 
Ebba and Maria, thank you for keeping me in your life and also for introducing me to your 
awesome husbands, Jocke and Johan. 

Farmor, you saw in me a little doctor and never gave that up. Thank you for nagging on me 
and believing in me when I did not. I wish you were here for this.  

Ulf and Netta, my parents-in-law. Axel asked me the other day if you are my parents or 
Hannas, he had forgotten. Honestly, it´s becoming a blur for me too. With your endless love, 
support and generosity you continue to be our rescuers. I am forever grateful. 

Ulla, my bonus mom. You took me to your heart, and I took you to mine. I have had such 
amazing times with you and Dad. I don´t know anyone who would have committed to a little 
boy like me the way you did. Thank you. 

Anna-Karin and Johan, my beloved sister and brother. You guys always put up with a little 
know-it-all kid like me. Anna-Karin, you are the coolest person. I´m sorry that I don´t have 
the guts to watch your scary movies. Johan, I miss you so much. You were the best big 
brother the world has seen. See you on the other side.  

Pappa Ian, my hero. Thank you for being there for me and showing me the sunny side of life. 
We have had so much fun together, windsurfing, skiing and golfing! You have always trusted 
in me; you and mom have always allowed me to do things in my own time and in my own 
way. You have been my source of inspiration my entire life. Where would I be without you? 

Mamma Inga, you made me, and you made me to what I am today. With your never-ending 
compassion and love you allowed me to do things my way, always supporting me and loving 
me. It couldn´t have been easy taking care of the three of us on your own. You are the 
strongest person I know, remember always that you are fantastic. I owe you everything. 

Hanna, you are my world, my everything. I can´t begin to describe how much your support 
means to me. I love you endlessly. Axel and Arvid. My amazing boys. You are my life and 
my love for you knows no boundaries.  

 



 

40 

Last but not least, I would like to thank all respondents of my first two surveys, it is 
admirable that you took the time from your busy schedule to answer surveys from an 
unknown Ph.D. student. I am grateful for all the patients included in the registers. I wish you 
all the best, wherever you are. I also wish to extend my gratitude to Svenska 
Läkaresällskapet, Region Stockholm and SciLifeLab together with Knut and Alice 
Wallenberg Foundation for believing in our research and extending funds to us. Without you, 
none of this would have been possible. 



 

 41 

 

10 REFERENCES 

1.  The Swedish Board of Health and Welfare. 2019.  

2.  Prioriteringsplattformen [Internet]. Svenska Läkaresällskapet. [cited 2021 Apr 
12]. Available from: https://www.sls.se/etik/prioriteringsplattformen/ 

3.  Riksdagsförvaltningen. Hälso- och sjukvårdslag (2017:30) Svensk 
författningssamling 2017:2017:30 t.o.m. SFS 2020:1043 - Riksdagen [Internet]. [cited 2021 
Apr 12]. Available from: https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-
forfattningssamling/halso--och-sjukvardslag_sfs-2017-30 

4.  Stramba-Badiale M, Fox KM, Priori SG, Collins P, Daly C, Graham I, et al. 
Cardiovascular diseases in women: a statement from the policy conference of the European 
Society of Cardiology. Eur Heart J. 2006 Apr;27(8):994–1005.  

5.  Bugiardini R, Estrada JL, Nikus K, Hall AS, Manfrini O. Gender bias in acute 
coronary syndromes. Curr Vasc Pharmacol. 2010 Mar;8(2):276–84.  

6.  Kucher N, Tapson VF, Quiroz R, Mir SS, Morrison RB, McKenzie D, et al. 
Gender differences in the administration of prophylaxis to prevent deep venous thrombosis. 
Thromb Haemost. 2005 Feb;93(2):284–8.  

7.  McInnes C, McAlpine C, Walters M. Effect of gender on stroke management in 
Glasgow. Age Ageing. 2008 Mar;37(2):220–2.  

8.  Kapral MK, Degani N, Hall R, Fang J, Saposnik G, Richards J, et al. Gender 
differences in stroke care and outcomes in Ontario. Womens Health Issues. 2011 
Apr;21(2):171–6.  

9.  Neugarten J, Golestaneh L, Kolhe NV. Sex differences in acute kidney injury 
requiring dialysis. BMC Nephrol. 2018 08;19(1):131.  

10.  Hawker GA, Wright JG, Coyte PC, Williams JI, Harvey B, Glazier R, et al. 
Differences between men and women in the rate of use of hip and knee arthroplasty. N Engl J 
Med. 2000 Apr 6;342(14):1016–22.  

11.  Ohlsson A, Lindahl B, Hanning M, Westerling R. Inequity of access to ACE 
inhibitors in Swedish heart failure patients: a register-based study. J Epidemiol Community 
Health. 2016 Jan;70(1):97–103.  

12.  Jindal RM, Ryan JJ, Sajjad I, Murthy MH, Baines LS. Kidney transplantation 
and gender disparity. Am J Nephrol. 2005 Oct;25(5):474–83.  

13.  Mahmood K, Eldeirawi K, Wahidi MM. Association of gender with outcomes 



 

42 

in critically ill patients. Crit Care Lond Engl. 2012 May 22;16(3):R92.  

14.  Fowler RA, Sabur N, Li P, Juurlink DN, Pinto R, Hladunewich MA, et al. Sex-
and age-based differences in the delivery and outcomes of critical care. CMAJ Can Med 
Assoc J. 2007 Dec 4;177(12):1513–9.  

15.  Valentin A, Jordan B, Lang T, Hiesmayr M, Metnitz PG. Gender-related 
differences in intensive care: a multiple-center cohort study of therapeutic interventions and 
outcome in critically ill patients. Crit Care Med. 2003 Jul;31(7):1901–7.  

16.  Reinikainen M, Niskanen M, Uusaro A, Ruokonen E. Impact of gender on 
treatment and outcome of ICU patients. Acta Anaesthesiol Scand. 2005 Aug;49(7):984–90.  

17.  Vezzani A, Mergoni M, Orlandi P, Corradi F, Volpi A, Zasa M. Gender 
differences in case mix and outcome of critically ill patients. Gend Med. 2011 Feb;8(1):32–9.  

18.  Epstein SK, Vuong V. Lack of influence of gender on outcomes of 
mechanically ventilated medical ICU patients. Chest. 1999 Sep;116(3):732–9.  

19.  Samuelsson C, Sjoberg F, Karlstrom G, Nolin T, Walther SM. Gender 
differences in outcome and use of resources do exist in Swedish intensive care, but to no 
advantage for women of premenopausal age. Crit Care Lond Engl. 2015;19:129.  

20.  Romo H, Amaral AC, Vincent JL. Effect of patient sex on intensive care unit 
survival. Arch Intern Med. 2004 Jan 12;164(1):61–5.  

21.  Lipes J, Mardini L, Jayaraman D. Sex and mortality of hospitalized adults after 
admission to an intensive care unit. Am J Crit Care. 2013 Jul;22(4):314–9.  

22.  Grenvik A, Pinsky MR. Evolution of the intensive care unit as a clinical center 
and critical care medicine as a discipline. Crit Care Clin. 2009 Jan;25(1):239–50, x.  

23.  SIR | Data portal [Internet]. [cited 2021 Apr 12]. Available from: 
https://portal.icuregswe.org/utdata/en/home 

24.  Oliveira E, Parikh A, Lopez-Ruiz A, Carrilo M, Goldberg J, Cearras M, et al. 
ICU outcomes and survival in patients with severe COVID-19 in the largest health care 
system in central Florida. PLoS ONE [Internet]. 2021 Mar 25 [cited 2021 Apr 12];16(3). 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7993561/ 

25.  Larsson E, Brattström O, Agvald‐Öhman C, Grip J, Campoccia Jalde F, Strålin 
K, et al. Characteristics and outcomes of patients with COVID‐19 admitted to ICU in a 
tertiary hospital in Stockholm, Sweden. Acta Anaesthesiol Scand. 2021 Jan;65(1):76–81.  

26.  Statistikdatabas [Internet]. Socialstyrelsen. [cited 2021 Apr 12]. Available 
from: https://www.socialstyrelsen.se/statistik-och-data/statistik/statistikdatabasen/ 

27.  WHO | Gender and Genetics [Internet]. WHO. World Health Organization; 



 

 43 

[cited 2021 Apr 12]. Available from: https://www.who.int/genomics/gender/en/ 

28.  Blackless M, Charuvastra A, Derryck A, Fausto‐Sterling A, Lauzanne K, Lee 
E. How sexually dimorphic are we? Review and synthesis. Am J Hum Biol. 2000;12(2):151–
66.  

29.  Johnston N, Bornefalk-Hermansson A, Schenck-Gustafsson K, Held C, 
Goodman SG, Yan AT, et al. Do clinical factors explain persistent sex disparities in the use 
of acute reperfusion therapy in STEMI in Sweden and Canada? Eur Heart J Acute Cardiovasc 
Care. 2013 Dec;2(4):350–8.  

30.  Redfors B, Angeras O, Ramunddal T, Petursson P, Haraldsson I, Dworeck C, et 
al. Trends in Gender Differences in Cardiac Care and Outcome After Acute Myocardial 
Infarction in Western Sweden: A Report From the Swedish Web System for Enhancement of 
Evidence-Based Care in Heart Disease Evaluated According to Recommended Therapies 
(SWEDEHEART). J Am Heart Assoc. 2015 Jul;4(7).  

31.  Jneid H, Fonarow GC, Cannon CP, Hernandez AF, Palacios IF, Maree AO, et 
al. Sex differences in medical care and early death after acute myocardial infarction. 
Circulation. 2008 Dec 16;118(25):2803–10.  

32.  Worrall-Carter L, McEvedy S, Wilson A, Rahman MA. Impact of 
comorbidities and gender on the use of coronary interventions in patients with high-risk non-
ST-segment elevation acute coronary syndrome. Catheter Cardiovasc Interv. 2015 Aug 17;  

33.  Baumhäkel M, Müller U, Böhm M. Influence of gender of physicians and 
patients on guideline-recommended treatment of chronic heart failure in a cross-sectional 
study. Eur J Heart Fail. 2009 Mar;11(3):299–303.  

34.  Gargano JW, Wehner S, Reeves MJ. Do presenting symptoms explain sex 
differences in emergency department delays among patients with acute stroke? Stroke. 2009 
Apr;40(4):1114–20.  

35.  Reeves MJ, Fonarow GC, Zhao X, Smith EE, Schwamm LH. Quality of care in 
women with ischemic stroke in the GWTG program. Stroke. 2009 Apr;40(4):1127–33.  

36.  Borkhoff CM, Hawker GA, Kreder HJ, Glazier RH, Mahomed NN, Wright JG. 
Influence of patients’ gender on informed decision making regarding total knee arthroplasty. 
Arthritis Care Res. 2013 Aug;65(8):1281–90.  

37.  Cobo G, Hecking M, Port FK, Exner I, Lindholm B, Stenvinkel P, et al. Sex 
and gender differences in chronic kidney disease: progression to end-stage renal disease and 
haemodialysis. Clin Sci Lond Engl 1979. 2016 Jul 1;130(14):1147–63.  

38.  Adrie C, Azoulay E, Francais A, Clec’h C, Darques L, Schwebel C, et al. 
Influence of gender on the outcome of severe sepsis: a reappraisal. Chest. 2007 
Dec;132(6):1786–93.  



 

44 

39.  Eachempati SR, Hydo L, Barie PS. Gender-based differences in outcome in 
patients with sepsis. Arch Surg. 1999 Dec;134(12):1342–7.  

40.  Nasir N, Jamil B, Siddiqui S, Talat N, Khan FA, Hussain R. Mortality in Sepsis 
and its relationship with Gender. Pak J Med Sci. 2015 Oct;31(5):1201–6.  

41.  Pietropaoli AP, Glance LG, Oakes D, Fisher SG. Gender differences in 
mortality in patients with severe sepsis or septic shock. Gend Med. 2010 Oct;7(5):422–37.  

42.  Schroder J, Kahlke V, Staubach KH, Zabel P, Stuber F. Gender differences in 
human sepsis. Arch Surg. 1998 Nov;133(11):1200–5.  

43.  Schoeneberg C, Kauther MD, Hussmann B, Keitel J, Schmitz D, Lendemans S. 
Gender-specific differences in severely injured patients between 2002 and 2011: data analysis 
with matched-pair analysis. Crit Care Lond Engl. 2013;17(6):R277.  

44.  Brattstrom O, Larsson E, Granath F, Riddez L, Bell M, Oldner A. Time 
dependent influence of host factors on outcome after trauma. Eur J Epidemiol. 2012 
Mar;27(3):233–41.  

45.  Liu T, Xie J, Yang F, Chen JJ, Li ZF, Yi CL, et al. The influence of sex on 
outcomes in trauma patients: a meta-analysis. Am J Surg. 2015 Nov;210(5):911–21.  

46.  Eachempati SR, Hydo L, Shou J, Barie PS. Sex differences in creation of do-
not-resuscitate orders for critically ill elderly patients following emergency surgery. J 
Trauma. 2006 Jan;60(1):193–7; discussion 197-8.  

47.  Nakagawa K, Vento MA, Seto TB, Koenig MA, Asai SM, Chang CW, et al. 
Sex differences in the use of early do-not-resuscitate orders after intracerebral hemorrhage. 
Stroke. 2013 Nov;44(11):3229–31.  

48.  Lissauer ME, Naranjo LS, Kirchoffner J, Scalea TM, Johnson SB. Patient 
characteristics associated with end-of-life decision making in critically ill surgical patients. J 
Am Coll Surg. 2011 Dec;213(6):766–70.  

49.  Larsson E, Zettersten E, Jaderling G, Ohlsson A, Bell M. The influence of 
gender on ICU admittance. Scand J Trauma Resusc Emerg Med. 2015;23(1):108.  

50.  Brownstein M. Implicit Bias. 2015 Feb 26 [cited 2021 Apr 1]; Available from: 
https://plato.stanford.edu/archives/fall2019/entries/implicit-bias/#HistFiel 

51.  Patricia G Devine. Stereotypes and prejudice: their automatic and controlled 
components. J Pers Soc Psychol. 1989;56(1):5–18.  

52.  Taylor DB. A Timeline of the Coronavirus Pandemic. The New York Times 
[Internet]. 2021 Mar 17 [cited 2021 Apr 12]; Available from: 
https://www.nytimes.com/article/coronavirus-timeline.html 



 

 45 

53.  Timeline: WHO’s COVID-19 response [Internet]. [cited 2021 Apr 12]. 
Available from: https://www.who.int/emergencies/diseases/novel-coronavirus-
2019/interactive-timeline 

54.  Giacomelli A, Ridolfo AL, Milazzo L, Oreni L, Bernacchia D, Siano M, et al. 
30-day mortality in patients hospitalized with COVID-19 during the first wave of the Italian 
epidemic: A prospective cohort study. Pharmacol Res. 2020 Aug;158:104931.  

55.  Xie J, Wu W, Li S, Hu Y, Hu M, Li J, et al. Clinical characteristics and 
outcomes of critically ill patients with novel coronavirus infectious disease (COVID-19) in 
China: a retrospective multicenter study. Intensive Care Med. 2020 Aug 20;1–10.  

56.  About Quality Registries - Nationella Kvalitetsregister [Internet]. [cited 2021 
Apr 12]. Available from: 
https://kvalitetsregister.se/englishpages/aboutqualityregistries.2422.html 

57.  Croce MA, Fabian TC, Malhotra AK, Bee TK, Miller PR. Does gender 
difference influence outcome? J Trauma. 2002 Nov;53(5):889–94.  

58.  Magnotti LJ, Fischer PE, Zarzaur BL, Fabian TC, Croce MA. Impact of gender 
on outcomes after blunt injury: a definitive analysis of more than 36,000 trauma patients. J 
Am Coll Surg. 2008 May;206(5):984–91; discussion 991-2.  

59.  Ali Ali B, Lefering R, Fortun Moral M, Belzunegui Otano T. Epidemiological 
comparison between the Navarra Major Trauma Registry and the German Trauma Registry 
(TR-DGU(R)). Scand J Trauma Resusc Emerg Med. 2017 Nov 2;25(1):107.  

60.  Trentzsch H, Lefering R, Nienaber U, Kraft R, Faist E, Piltz S. The role of 
biological sex in severely traumatized patients on outcomes: a matched-pair analysis. Ann 
Surg. 2015 Apr;261(4):774–80.  

61.  Haider AH, Crompton JG, Oyetunji T, Stevens KA, Efron DT, Kieninger AN, 
et al. Females have fewer complications and lower mortality following trauma than similarly 
injured males: a risk adjusted analysis of adults in the National Trauma Data Bank. Surgery. 
2009 Aug;146(2):308–15.  

62.  Dodek P, Kozak J-F, Norena M, Wong H. More men than women are admitted 
to 9 intensive care units in British Columbia. J Crit Care. 2009 Dec 1;24(4):630.e1-630.e8.  

63.  Zettersten E, Jaderling G, Bell M, Larsson E. Sex and gender aspects on 
intensive care. A cohort study. J Crit Care. 2019 Oct 25;55:22–7.  

64.  Hamberg K, Risberg G, Johansson EE, Westman G. Gender bias in physicians’ 
management of neck pain: a study of the answers in a Swedish national examination. J 
Womens Health Gend Based Med. 2002 Sep;11(7):653–66.  

65.  Larsson E, Lindström A-C, Eriksson M, Oldner A. Impact of gender on post- 



 

46 

traumatic intensive care and outcomes. Scand J Trauma Resusc Emerg Med. 2019 Dec 
23;27(1):115.  

66.  Livingston BM, MacKirdy FN, Howie JC, Jones R, Norrie JD. Assessment of 
the performance of five intensive care scoring models within a large Scottish database. Crit 
Care Med. 2000 Jun;28(6):1820–7.  

67.  Ko M, Shim M, Lee S-M, Kim Y, Yoon S. Performance of APACHE IV in 
Medical Intensive Care Unit Patients: Comparisons with APACHE II, SAPS 3, and MPM0 
III. Acute Crit Care. 2018 Nov;33(4):216–21.  

68.  Lee H, Shon Y-J, Kim H, Paik H, Park H-P. Validation of the APACHE IV 
model and its comparison with the APACHE II, SAPS 3, and Korean SAPS 3 models for the 
prediction of hospital mortality in a Korean surgical intensive care unit. Korean J 
Anesthesiol. 2014 Aug 26;67(2):115–22.  

69.  Fuchs PA, Czech IJ, Krzych ŁJ. The Pros and Cons of the Prediction Game: 
The Never-ending Debate of Mortality in the Intensive Care Unit. Int J Environ Res Public 
Health. 2019 Sep 13;16(18).  

70.  Gong Y, Ding F, Zhang F, Gu Y. Investigate predictive capacity of in-hospital 
mortality of four severity score systems on critically ill patients with acute kidney injury. J 
Investig Med. 2019 Dec 1;67(8):1103–9.  

71.  Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H, et al. 
The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ 
dysfunction/failure. On behalf of the Working Group on Sepsis-Related Problems of the 
European Society of Intensive Care Medicine. Intensive Care Med. 1996 Jul;22(7):707–10.  

72.  Vincent J-L, de Mendonca A, Cantraine F, Moreno R, Takala J, Suter PM, et al. 
Use of the SOFA score to assess the incidence of organ dysfunction/failure in intensive care 
units: Results of a multicenter, prospective study. Crit Care Med. 1998 Nov;26(11):1793–
800.  

73.  Huerta LE, Wanderer JP, Ehrenfeld JM, Freundlich RE, Rice TW, Semler MW, 
et al. Validation of a Sequential Organ Failure Assessment Score using Electronic Health 
Record Data. J Med Syst. 2018 Sep 14;42(10):199.  

74.  Jones AE, Trzeciak S, Kline JA. The Sequential Organ Failure Assessment 
score for predicting outcome in patients with severe sepsis and evidence of hypoperfusion at 
the time of emergency department presentation. Crit Care Med. 2009 May;37(5):1649–54.  

75.  Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: development and validation. J 
Chronic Dis. 1987;40(5):373–83.  

76.  Hadique S, Culp S, Sangani RG, Chapman KD, Khan S, Parker JE, et al. 



 

 47 

Derivation and Validation of a Prognostic Model to Predict 6-Month Mortality in an 
Intensive Care Unit Population. Ann Am Thorac Soc. 2017 Jun 9;14(10):1556–61.  

77.  Chang CJ, Tam HP, Ko WJ, Tsai PR. Predicting hospital mortality in adult 
patients with prolonged stay (>14 days) in surgical intensive care unit. Minerva Anestesiol. 
2013 Aug;79(8):843–52.  

78.  von Oelreich E, Eriksson M, Brattstrom O, Discacciati A, Strommer L, Oldner 
A, et al. Post-trauma morbidity, measured as sick leave, is substantial and influenced by 
factors unrelated to injury: a retrospective matched observational cohort study. Scand J 
Trauma Resusc Emerg Med. 2017 Oct 13;25(1):100.  

79.  Gabbe BJ, Magtengaard K, Hannaford AP, Cameron PA. Is the Charlson 
Comorbidity Index useful for predicting trauma outcomes? Acad Emerg Med Off J Soc Acad 
Emerg Med. 2005 Apr;12(4):318–21.  

80.  Papathanassoglou E, Middleton N, Benbenishty J, Williams G, Christofi MD, 
Hegadoren K. Systematic review of gender- dependent outcomes in sepsis. Nurs Crit Care. 
2017 Sep;22(5):284–92.  

81.  Bosch F, Angele MK, Chaudry IH. Gender differences in trauma, shock and 
sepsis. Mil Med Res. 2018 Oct 26;5(1):35.  

82.  Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al. 
Factors associated with COVID-19-related death using OpenSAFELY. Nature. 2020 
Aug;584(7821):430–6.  

83.  Li LQ, Huang T, Wang YQ, Wang ZP, Liang Y, Huang TB, et al. COVID-19 
patients’ clinical characteristics, discharge rate, and fatality rate of meta-analysis. J Med 
Virol. 2020 Jun;92(6):577–83.  

84.  Gomez JMD, Du-Fay-de-Lavallaz JM, Fugar S, Sarau A, Simmons JA, Clark 
B, et al. Sex Differences in Coronavirus Disease 2019 (COVID-19) Hospitalization and 
Mortality. J Womens Health 2002. 2021 Apr 7;  

85.  Fowler RA, Filate W, Hartleib M, Frost DW, Lazongas C, Hladunewich M. 
Sex and critical illness. Curr Opin Crit Care. 2009 Oct;15(5):442–9.  

86.  Guidet B, Maury E. Sex and severe sepsis. Crit Care Lond Engl. 
2013;17(3):144.  

87.  Majetschak M, Christensen B, Obertacke U, Waydhas C, Schindler AE, Nast-
Kolb D, et al. Sex differences in posttraumatic cytokine release of endotoxin-stimulated 
whole blood: relationship to the development of severe sepsis. J Trauma. 2000 
May;48(5):832–9; discussion 839-40.  

88.  Guidry CA, Swenson BR, Davies SW, Dossett LA, Popovsky KA, Bonatti H, 



 

48 

et al. Sex- and diagnosis-dependent differences in mortality and admission cytokine levels 
among patients admitted for intensive care. Crit Care Med. 2014 May;42(5):1110–20.  

89.  Dias SP, Brouwer MC, Bijlsma MW, van der Ende A, van de Beek D. Sex-
based differences in adults with community-acquired bacterial meningitis: a prospective 
cohort study. Clin Microbiol Infect. 2017 Feb;23(2):121.e9-121.e15.  

90.  Trentzsch H, Nienaber U, Behnke M, Lefering R, Piltz S. Female sex protects 
from organ failure and sepsis after major trauma haemorrhage. Injury. 2014 Oct;45 Suppl 
3:S20-8.  

91.  Sheth SU, Palange D, Xu DZ, Wei D, Feketeova E, Lu Q, et al. Testosterone 
depletion or blockade in male rats protects against trauma hemorrhagic shock-induced distant 
organ injury by limiting gut injury and subsequent production of biologically active 
mesenteric lymph. J Trauma. 2011 Dec;71(6):1652–8.  

92.  Al-Tarrah K, Moiemen N, Lord JM. The influence of sex steroid hormones on 
the response to trauma and burn injury. Burns Trauma. 2017;5:29.  

93.  Knoferl MW, Jarrar D, Angele MK, Ayala A, Schwacha MG, Bland KI, et al. 
17 beta-Estradiol normalizes immune responses in ovariectomized females after trauma-
hemorrhage. Am J Physiol Cell Physiol. 2001 Oct;281(4):C1131-8.  

94.  Zolin SJ, Vodovotz Y, Forsythe RM, Rosengart MR, Namas R, Brown JB, et 
al. The early evolving sex hormone environment is associated with significant outcome and 
inflammatory response differences after injury. J Trauma Acute Care Surg. 2015 
Mar;78(3):451–7; discussion 457-8.  

95.  Scully EP, Haverfield J, Ursin RL, Tannenbaum C, Klein SL. Considering how 
biological sex impacts immune responses and COVID-19 outcomes. Nat Rev Immunol. 2020 
Jul;20(7):442–7.  

96.  Takahashi T, Iwasaki A. Sex differences in immune responses. Science. 2021 
Jan 22;371(6527):347–8.  

97.  Casimir GJ, Lefèvre N, Corazza F, Duchateau J. Sex and inflammation in 
respiratory diseases: a clinical viewpoint. Biol Sex Differ. 2013;4:16.  

98.  Erfinanda L, Ravindran K, Kohse F, Gallo K, Preissner R, Walther T, et al. 
Estrogen-mediated upregulation of the Mas receptor contributes to sex differences in acute 
lung injury and lung vascular barrier regulation. Eur Respir J. 2020 Aug 6;  

99.  Takahashi T, Ellingson MK, Wong P, Israelow B, Lucas C, Klein J, et al. Sex 
differences in immune responses that underlie COVID-19 disease outcomes. Nature. 2020 
Aug 26;  

100.  Lam CS, McEntegart M, Claggett B, Liu J, Skali H, Lewis E, et al. Sex 



 

 49 

differences in clinical characteristics and outcomes after myocardial infarction: insights from 
the Valsartan in Acute Myocardial Infarction Trial (VALIANT). Eur J Heart Fail. 2015 
Mar;17(3):301–12.  

101.  Boese AC, Kim SC, Yin K-J, Lee J-P, Hamblin MH. Sex differences in 
vascular physiology and pathophysiology: estrogen and androgen signaling in health and 
disease. Am J Physiol Heart Circ Physiol. 2017 Sep 1;313(3):H524–45.  

102.  Connelly PJ, Azizi Z, Alipour P, Delles C, Pilote L, Raparelli V. The 
Importance of Gender to Understand Sex Differences in Cardiovascular Disease. Can J 
Cardiol. 2021 Feb 13;  

103.  Lam CSP, Arnott C, Beale AL, Chandramouli C, Hilfiker-Kleiner D, Kaye 
DM, et al. Sex differences in heart failure. Eur Heart J. 2019 Dec 14;40(47):3859–3868c.  

104.  Burkhoff D, Borlaug BA, Shah SJ, Zolty R, Tedford RJ, Thenappan T, et al. 
Levosimendan Improves Hemodynamics and Exercise Tolerance in PH-HFpEF: Results of 
the Randomized Placebo-Controlled HELP Trial. JACC Heart Fail. 2021 Apr 3;  

105.  Iorga A, Umar S, Ruffenach G, Aryan L, Li J, Sharma S, et al. Estrogen rescues 
heart failure through estrogen receptor Beta activation. Biol Sex Differ. 2018 Oct 30;9(1):48.  

106.  Mizushima Y, Wang P, Jarrar D, Cioffi WG, Bland KI, Chaudry IH. Estradiol 
administration after trauma-hemorrhage improves cardiovascular and hepatocellular 
functions in male animals. Ann Surg. 2000 Nov;232(5):673–9.  

107.  Li T, Xiao X, Zhang J, Zhu Y, Hu Y, Zang J, et al. Age and sex differences in 
vascular responsiveness in healthy and trauma patients: contribution of estrogen receptor-
mediated Rho kinase and PKC pathways. Am J Physiol Heart Circ Physiol. 2014 Apr 
15;306(8):H1105-1115.  

108.  Xu X, Nie S, Liu Z, Chen C, Xu G, Zha Y, et al. Epidemiology and Clinical 
Correlates of AKI in Chinese Hospitalized Adults. Clin J Am Soc Nephrol. 2015 Sep 
4;10(9):1510–8.  

109.  Loutradis C, Pickup L, Law JP, Dasgupta I, Townend JN, Cockwell P, et al. 
Acute kidney injury is more common in men than women after accounting for socioeconomic 
status, ethnicity, alcohol intake and smoking history. Biol Sex Differ. 2021 Apr 8;12(1):30.  

110.  Ikeda M, Swide T, Vayl A, Lahm T, Anderson S, Hutchens MP. Estrogen 
administered after cardiac arrest and cardiopulmonary resuscitation ameliorates acute kidney 
injury in a sex- and age-specific manner. Crit Care Lond Engl. 2015 Sep 18;19:332.  

111.  Buléon M, Cuny M, Grellier J, Charles P-Y, Belliere J, Casemayou A, et al. A 
single dose of estrogen during hemorrhagic shock protects against Kidney Injury whereas 
estrogen restoration in ovariectomized mice is ineffective. Sci Rep. 2020 14;10(1):17240.  



 

50 

112.  Singh AP, Singh N, Pathak D, Bedi PMS. Estradiol attenuates ischemia 
reperfusion-induced acute kidney injury through PPAR-γ stimulated eNOS activation in rats. 
Mol Cell Biochem. 2019 Mar;453(1–2):1–9.  

 


