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Abstract
Women have consistently lower mortality rates than men at all ages and with respect to most causes. However, gender dif-
ferences regarding hospital admission rates are more mixed, varying across ages and causes. A number of intuitive metrics 
have previously been used to explore changes in hospital admissions over time, but have not explicitly quantified the gender 
gap or estimated the cumulative contribution from cause-specific admission rates. Using register data for the total Danish 
population between 1995 and 2014, we estimated the time to first hospital admission for Danish men and women aged 60. 
This is an intuitive population-level metric with the same interpretive and mathematical properties as period life expectancy. 
Using a decomposition approach, we were able to quantify the cumulative contributions from eight causes of hospital admis-
sion to the gender gap in time to first hospital admission. Between 1995 and 2014, time to first admission increased for both, 
men (7.6 to 9.4 years) and women (8.3 to 10.3 years). However, the magnitude of gender differences in time to first admis-
sion remained relatively stable within this time period (0.7 years in 1995, 0.9 years in 2014). After age 60, Danish men had 
consistently higher rates of admission for cardiovascular conditions and neoplasms, but lower rates of admission for injuries, 
musculoskeletal disorders, and sex-specific causes. Although admission rates for both genders have generally declined over 
the last decades, the same major causes of admission accounted for the gender gap. Persistent gender differences in causes 
of admission are, therefore, important to consider when planning the delivery of health care in times of population ageing.
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Introduction

On average, women live longer than men in all countries of 
the world. The gender gap in life expectancy has persisted 
over time, but it has changed in magnitude, from increasing 
throughout the twentieth century to decreasing thereafter 
(Thorslund et al. 2013). The contribution different causes of 
death have made to the narrowing gender gap in life expec-
tancy are relatively well established. For example, attention 
has been drawn to the relatively faster declines in deaths 
from circulatory and smoking-related diseases among men 
throughout the end of the twentieth century (Sundberg et al. 
2018). Despite these improvements, the most recent esti-
mates for countries within the European Union show that 
the gender gap in life expectancy is between 3.2 years and 
9.9 year (EuroStat. 2018).

Gender differences in life expectancy have important 
implications for how healthcare responds to population age-
ing. Hospital admissions are a fundamental element of the 
healthcare system which may be particularly vulnerable to 
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population ageing and where gender differences are evident. 
Before the age of 60, women are more likely to be admitted 
to hospital than men due to obstetrics-related admissions 
(Westergaard et al. 2019). After the age of 60 and as the 
incidence of major non-communicable diseases increases, 
women are less likely to be admitted to hospital than men 
(Westergaard et al. 2019). Examining gender differences 
by cause of admission to hospital is common practice in 
health research, with men tending to have higher all-cause 
admission rates, as well as higher rates of admission for 
the most acute and life threatening conditions (Case and 
Paxson 2005). In contrast, women tend to have a higher risk 
of admission to hospital for less severe but often disabling 
conditions (Luben et al. 2016; Simmonds et al. 2014).

A number of intuitive metrics have previously been used 
to explore changes in hospital admissions over time. These 
include the average age of patients being treated in hospi-
tals (NHS Digital (2016)), the average age at first hospital 
diagnosis (Modig et al. 2019; Westergaard et al. 2019), and 
whether increases in the average age at first admission have 
kept pace with increases in life expectancy (Karampampa 
et al. 2013). However, these studies did not explicitly set 
out to examine the gender gap in hospital admissions. Using 
individual-level register data for the total Danish population, 
we estimated time to first hospital admission after age 60 for 
men and women of exact age 60, between 1995 and 2014. 
We introduce time to first hospital admission after age 60 
as an intuitive, population-level metric which has the same 
interpretative and mathematical properties as remaining life 
expectancy at age 60. Our measure, therefore, comes with 
the benefit that it can be decomposed into the cumulative 
contributions from different causes of hospital admission 
to identify how gender differences in health have changed 
over time.

In line with trends for life expectancy, we expected time 
to first admission to increase among Danish men and women 
and gender differences in time to first admission to decrease. 
Furthermore, we expected cardiovascular diseases and neo-
plasms to account for the declines in the magnitude of gen-
der differences in time to first hospital admission.

Methods and materials

Data sources

In this study, we used individual-level register data cover-
ing the total Danish population. Using the unique personal 
identification number (CPR-Number), we linked data from 
the Central Population Register (CPR) with records from the 
National Patient Register (NPR). The CPR covers general 
socio-demographic information on the population alive and 
residing in Denmark since 1968, including data on gender 

and the date of birth (Schmidt et al. 2014). The NPR, a pop-
ulation-based register with high levels of completeness and 
reliability, contains information on all treatments provided 
in Danish hospitals since 1977, such as type, length and 
cause of admission to hospital (Lynge et al. 2011). In the 
NPR, information on outpatient treatments, admissions to 
psychiatric wards and psychiatric hospitals, and emergency 
admissions have only been recorded since 1995 (Schmidt 
et al. 2015). We chose to begin the study period in 1995, in 
order to investigate the sensitivity of our results to the inclu-
sion and exclusion of outpatient treatments and emergency 
admissions. Denmark introduced the 10th Revision of the 
International Classification of Diseases (ICD-10) in 1994 
(Munk-Jørgensen et al. 1999). We were, therefore, able to 
group causes of hospital admission using the main chapters 
of ICD-10 consistently throughout the entire study period.

Study population

We did not follow one single study population continuously 
over calendar time. Instead, we identified and followed a 
synthetic cohort study population within each calendar year 
of the study period (Seaman et al. 2020). In the first step, 
we identified all individuals aged 60 and older alive and 
residing in Denmark on 1 January of a particular year (for 
example: 2014). In the second step, we identified the popula-
tion at risk of a first admission to hospital in that particular 
year. In order to identify this population at risk, we identified 
and excluded all individuals from the study population, who 
were hospitalized within a previous 7-year period (for the 
example year 2014: 2007–2013) irrespective of the length 
of stay or the cause of admission to hospital. This is referred 
to as the 7-year washout period and was guided by existing 
literature (Modig et al. 2017, 2019). Applying a washout 
period aims to limit the chance that a first event is a readmis-
sion or a follow-up treatment (Karampampa et al. 2013). In 
the third step, we identified those individuals who had a first 
event within each calendar year. Our main results defined an 
event as the first inpatient admission to hospital with a mini-
mum of 2 treatment days (equivalent to one overnight stay) 
and included cases that ended in either death or discharge. 
This definition is likely to have captured conditions of some 
severity at the time of admission.

Figure 1 provides a summarizing overview of the num-
ber of Danish Men and Women aged 60 and older, Danish 
men and women aged 60 and older defined as at risk of first 
admission, and the number of defined first hospital admis-
sions among Danish men and women aged 60 and older for 
each calendar year between 1995 and 2014.
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Methods

In a first step, we estimated the time to first all-cause hos-
pital admission for Danish men and women of exact age 60 
using the standard life table methodology, which is com-
monly used to derive period life tables for mortality (Chiang 
1984). With our application of the life table methodology 
to hospital admission data, we followed an already existing 
approach (Seaman et al. 2020), but extend this approach by 
accounting for the fact that the all-cause risk of an event—
first hospital admission—can be split into the contributing 
fractions—causes of admission (Preston et al. 2001). We 
divided the number of first events by the population at risk 
in order to estimate the age-specific risks of a first all-cause 
admission to hospital ( qx,thosp ), separately for men and 
women, by single years of age x, and for each calendar year 
t. This age-specific, all-cause risk of hospitalization is the 
sum over all studied causes of admissions to hospital i—
(qx,t,ihosp ). Our definition of ex,thosp is similar to the defini-
tion of remaining life expectancy at age x in year t ( ex,t ) in a 

standard period life table using information on mortality. In 
our case, e60,thosp quantifies the remaining average number 
of years until individuals of exact age 60 experience their 
first admission to hospital after the age of 60, conditional 
upon survival to age 60, and given hospitalisation patterns 
of year t.

In a second step, we examined the causes accounting 
for the gender gap in time to first hospital admission after 
age 60 at different points in time. For this purpose, a range 
of decomposition methods were available. All decomposi-
tion are based on the assumption that the difference in two 
population-level measures—for example, the difference in 
life expectancy between men and women—can be split into 
the contribution of different covariates—for example, the 
contribution of various causes of death (Ponnapalli 2005). 
To disentangle the impact of different causes of admis-
sion on the gender gap in time to first hospital admission, 
we decided to use Horiuchi et al. (2008) decomposition 
method. This method follows the well-established and very 
similar approaches of Andreev, Pollard, and Arriaga closely 

Fig. 1  Number of all Danish Men and Women aged 60+, men and women aged 60+ at risk of first admission, and number of first hospital 
admissions among men and women aged 60+, 1995 to 2014
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(Ponnapalli 2005), but assumes the impact of covariates to 
change continuously rather than discretely (Horiuchi et al. 
2008). We decomposed the gender gap in e60,thosp at the 
start (1995), the mid-point (2005), and the end (2014) of 
the study period.

We distinguished between eight major causes of admis-
sion, derived from the main ICD-10 chapters: respiratory 
disease, neoplasms, circulatory diseases, digestive diseases, 
musculoskeletal disorders, injuries and poisonings, sex-spe-
cific causes, and other causes of admission. Major categories 
of causes of admission were chosen to decrease the potential 
for misclassification (Lahti and Penttila 2001). The ICD-10 
codes assigned to each category are outlined in Supplemen-
tary Material 1. We chose to identify sex-specific causes of 
admission as an independent cause of admission category. 
This approach was chosen to make the other major catego-
ries (e.g., neoplasms) reflect causes of admission that both 
men and women could be admitted to hospital for. While we 
recognize that sex-specific causes are not directly compara-
ble between men and women, there may be parallels to be 
drawn (Sundberg et al. 2018).

Merging of registries and data preparation were carried 
out with Stata (Version 14). All analyses were carried out 
using the DemoDecomp Package (Riffe 2018) for R (Ver-
sion 3.6).

Results

Time to first hospital admission

Figure 2 shows the trend in time to first admission for Danish 
men and women of exact age 60 for inpatient stays lasting 
≥ 2 days. We focussed on the start (1995), the mid-point 
(2005), and the end of the study period (2014). Our results 
show that women consistently experienced a longer time 
to first admission, suggesting that 60-year old women can 
expect to live for longer without being admitted to hospi-
tal than men. Time to first hospital admission after age 60 
increased steadily for both men and women over the study 
period. This indicates that individuals experienced their first 
admission to hospital at later ages in 2014. In 1995, time 
to first admission was 7.6 years for men and 8.3 years for 
women. By 2005, the levels increased to 8.1 years among 
men (+ 0.5 years) and 8.7 years among women (+ 0.4 years). 
Between 2005 and 2014, time to first hospital admission 
increased more rapidly and reached 9.4 years among men 
(+ 1.3 years) and 10.3 years among women (+ 1.7 years). 
The gender gap in remaining time to first admission was 
relatively stable within this period and changed only slightly 
from 0.7 years in 1995, to 0.6 years in 2005, and 0.9 years 
in 2014.

Decomposing the gender gap

Figure 3 shows the contributions of eight different causes of 
admission to the gender gap in time to first hospital admis-
sion after age 60 in 1995, 2005, and 2014. The sum over all 
contributions is the total gender gap in time to first admis-
sion within each of the three years—the value of which is 
stated at the top of the relevant bar. The larger the contribu-
tion, the cause of hospital admission makes the greater and 
the gender difference among the underlying cause-specific 
hospital admission rates. For example, contributions above 
the zero line reflect causes where men had higher underlying 
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rates of admission than women. Contributions below the 
zero line reflect causes where women had higher underlying 
rates of admission than men.

Figure 3 shows that similar cause-specific contributions 
accounted for the gender gap in 1995, 2005, and 2014. The 
largest contributing single cause of admission to the gen-
der gap was circulatory diseases. Circulatory diseases con-
tributed 0.8 years to the total gender gap in 1995, 0.7 years 
in 2005, and 0.8  years in 2014. Men also experienced 
higher admission rates for digestive diseases, neoplasms, 
respiratory diseases, and all other causes of admission. 
The contributions from respiratory diseases to the gen-
der gap in remaining time to first admission after age 60 
were > 0.1 years at all three time points. The contribution 
from neoplasms (1995: 0.2 years; 2005: 0.1 years; 2014: 
0.1 years) and from digestive diseases (1995: 0.1 years; 
2005: < 0.1  years; 2014: < 0.1  years) to the gender gap 
decreased during the study period. The contribution from 
other causes increased substantially within the study period, 
accounting for the largest absolute change: from 0.1 in 1995, 
to 0.2 in 2005, and 0.4 in 2014.

Figure 3 highlights that, after the age of 60, men did 
not have higher admission rates for all causes of admis-
sion. For example, men experienced lower admission 
rates than women for injuries, musculoskeletal disorders, 
and sex-specific causes of admission. The contribution of 
musculoskeletal disorders (1995: −0.1; 2005:−0.2; 2014: 
−0.1), as well as the contribution from injuries (1995: −0.2; 
2005:−0.2; 2014: −0.2), changed only slightly within the 
study period. In contrast to this, the contribution from sex-
specific causes decreased significantly (1995: −0.2; 2005: 
-0.2; 2014: < -−0.1). To gain a deeper understanding of the 
changing contribution from sex-specific causes, we analysed 
the more detailed diagnostic codes (see Supplementary 
Material 2).

Sensitivity analysis

Our main results defined an admission to hospital as an inpa-
tient stay lasting a minimum of 2 treatment days. Since 1995, 
it has been possible to include different types of hospital 
admissions such as outpatient treatments and emergency 
admissions (Schmidt et al. 2015). Therefore, we repeated 
our main analysis, which included inpatient admissions only, 
for all types of hospital admissions together which lasted 
a minimum of 2 treatment days. We decided to keep the 
criterion of 2 or more treatment days, in order to ensure that 
changes in our findings are attributable to changes in the 
type of admission only—and not the result of a combination 
of type and duration.

When including all types of hospital admission, remain-
ing time to first hospital admission after age 60 was lower 
for both men and women, compared with remaining time to 

first hospital admission for inpatient stays only. The trend 
line for all hospital admissions was decreasing initially but 
returned increasing following 2010. The gender gap was 
much smaller when looking at all types of admission. How-
ever, the cause-specific contributions to the gender gap were 
very similar to those found when analysing inpatient admis-
sions only.

Figure 4 shows the decomposition results including all 
types of hospital admission lasting a minimum of 2 treat-
ment days. Gender differences in the cause-specific contribu-
tions remained similar to those found when only looking at 
inpatient admissions: Women had a disadvantage for inju-
ries, musculoskeletal, and sex-specific causes of admission. 
Men had a disadvantage for circulatory diseases, digestive 
disease, neoplasms, respiratory diseases, and all other causes 
of admission (for more details: see Supplementary Material 
3).

Discussion

Summary of main findings

Defining hospital stays as inpatient stays lasting  ≥ 2 days, 
we found that time to first hospital admission after age 60 
increased among Danish men and women between 1995 
and 2014. Within this period, the gender gap in time to first 
admission remained relatively stable. Throughout the study 
period, circulatory diseases were the largest single cause of 
admission accounting for the gender gap. Results of sensitiv-
ity analyses, defining hospital stays as any type of hospital 
admission lasting ≥ 2 days, showed a decrease in time to 

Fig. 4  Cause-specific contributions to the gender gap in remain-
ing years to first admission after age 60 for inpatient, outpatient and 
emergency admissions lasting for a minimum of 2 treatment days, 
1995 and 2014. Note: neoplasms: without explicitly sex-specific neo-
plasms
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first admission. For this definition of hospital stay, we found 
a smaller gender gap in remaining time to first admission, 
although the underlying differences in cause-specific contri-
butions were very similar.

Interpretations

In most developed countries, the gender gap in life expec-
tancy has narrowed over the last 50 years. This is largely 
attributable to decreasing differences in mortality rates from 
circulatory diseases and neoplasms between men and women 
(Sundberg et al. 2018; Thorslund et al. 2013). Converging 
mortality rates between men and women point towards 
the fact that health and health behaviours among men and 
women may have become more similar (Gjonca et al. 2005; 
Glei and Horiuchi 2007). We anticipated increases in time to 
admission for both men and women alongside a narrowing 
gender gap. While time to first admission increased for both 
men and women, the gender gap widened slightly.

One potential explanation for the increase in time to first 
admission among men and women could be that individuals 
are ageing healthier. Supporting this assumption, it has been 
shown that the age at onset of major cardiovascular events 
has shifted towards older ages (Modig et al. 2019). In addi-
tion, falling smoking rates and the reduction in smoking-
related conditions, including respiratory conditions, neo-
plasms and most cardiovascular conditions (Demant et al. 
2013; Schmidt et al. 2012; Thun et al. 2012), might have 
contributed to the increase in time to first admission. Further 
evidence for healthy ageing has been reported for a number 
of health dimensions, including physical health and cogni-
tive functioning and have been attributed to improvements in 
medical technology, health behaviour, and early life condi-
tions (Christensen et al. 2009).

An alternative interpretation is that increases in time to 
first admission could have emerged from changes to treat-
ment and admission strategies. For example, conditions 
which were previously treated over multiple days within an 
inpatient setting could have been pushed towards outpatient 
departments or primary care (Galenkamp et al. 2016). We 
found that the contributions from most causes of admis-
sion to the gender gap were consistent across our sensitivity 
analysis comparing inpatient stays with all hospital stays. 
The category “other causes” was an exception. The main 
analyses, including only inpatient stays lasting ≥ 2 days, 
showed that “other causes” was the category with the largest 
increases in the contribution to the gender gap over time. In 
contrast, the sensitivity analysis including all hospital stays 
lasting ≥ 2 days suggested that the contribution of “other 
causes” did not change as much. Unfortunately, we were not 
able to account for any systematic changes to admission and 
treatment strategies. More detailed diagnostic information 
and data from primary care would be required to identify 

if systematic changes to admission or treatment strategies 
accounted for the contrasting findings for “other causes”. 
However, a more detailed analysis of causes of admission 
would have been subject to a larger misclassification bias, 
which typically increases with the level of diagnostic detail 
(O’Malley et al. 2005). We also found no evidence in the 
literature indicating that changes in admission and treatment 
strategies would have had a differential impact on men and 
women.

Our study indicates that the time to first admission after 
age 60 was consistently higher for women than for men. One 
underlying mechanism for gender differences in time to first 
admission may be gender differences in disease progression 
and health deterioration (Höhn et al. 2018). Evidence has 
shown that, after age 60, men experience higher all-cause 
and cause-specific hospital admissions rates than women 
(Jensen et al. 2014)—even when they have the same underly-
ing health conditions, engage in similar life styles, and when 
controlling for socio-demographic characteristics (Case and 
Paxson 2005). This has been interpreted as evidence of more 
rapid disease progression among men.

Faster disease progression among men may be com-
pounded by gender differences in treatment-seeking behav-
iour. In contrast to hospital admissions, women tend to have 
higher levels of primary healthcare use than men (Banks 
and Baker 2013; Wang et al. 2013). In the past, studies have 
often interpreted this finding as an indicator of a health 
advantage among men (Hunt et al. 2011). However, it has 
been argued that lower levels of primary healthcare use 
among men are more likely to reflect their reluctance to 
seek medical advice. This reluctance to seek advice early 
on might lead to delays in diagnosis and treatment, causing 
diseases to progress more rapidly to the point where treat-
ment in hospital is necessary (Höhn et al. 2020).

Mirroring decreasing mortality differences between men 
and women from cardiovascular disease and neoplasms 
(Sundberg et al. 2018; Thorslund et al. 2013), we expected 
the gender gap in time to first hospital admission to decrease. 
However, we found gender differences in time to first hos-
pital admission to be very persistent throughout the study 
period and to even widen slightly. It is possible that this 
overarching stable pattern could have emerged from two 
opposing trends. On the one hand side, sex differences in 
the incidence of cardiovascular conditions, such as myo-
cardial infarction, decreased in Denmark within the studied 
period as improvements were larger among men than among 
women (Schmidt et al. 2012). On the other hand, the unique 
pattern of smoking among Danish women born between 
1919 and 1939 (Lindahl-Jacobsen et al. 2016) and its fad-
ing lag effect could have contributed to a widening gender 
gap in time to first hospital admission. Smoking was one 
of the largest contributing factors to stagnating life expec-
tancy among Danish women between 1977 and 1995 and 
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is also important to consider in relation to our results. Our 
study population included individuals aged 60 and older. 
This means that women from the cohort born in 1919 would 
have been 76 years old in 1995, while women born in 1939 
would have first entered the study population in 1998, when 
they turned 60. Smoking and its well-established lag effects 
on health have important implications for patterns observed 
among all-cause and cause-specific admission rates (Hanlon 
et al. 2007). If hospital admissions among women in Den-
mark were elevated due to the health behaviours of previ-
ous cohorts, then the increasing gender gap seems like a 
consequence as healthier cohorts of women enter the study 
population. This also means that the magnitude of the gen-
der gap in time to first hospital admission may be smaller 
in Denmark than in other countries, where smoking rates 
among women remained low.

Strengths and limitations

In Denmark, access to healthcare is free of charge and uni-
versal (Pedersen et al. 2012). This substantially minimizes 
selection into healthcare and allows individuals to utilize 
healthcare when needed (Olejaz et al. 2012). Therefore, our 
results may not be generalizable to healthcare systems where 
out-of-pocket payments are high. Additional consideration 
should be given to the particular role GPs in Denmark play 
for determining an admission to hospital. GPs are gatekeep-
ers for the use of hospital care in Denmark, unless patients 
are admitted to hospital in an emergency or with an acute 
onset of conditions. It could also be possible that a GP’s 
decision to admit (or to not admit) a patient to hospital is 
impacted by the patient’s gender and that these gender-spe-
cific admission thresholds could have changed over time. 
Furthermore, our results may not be comparable to health-
care systems with a larger proportion of inpatient capacities 
and private hospitals or where the gate-keeping function of 
GPs differs from that in Denmark.

Our measure, time to first hospital admission, is subject 
to limitations. Individuals are likely to be admitted to hos-
pital multiple times and for different causes. We identified 
the first admission to hospital after age 60 and applied a 
washout period. Applying a washout period aimed to reduce 
the chances that a first admission was a readmission or a 
follow-up treatment. However, this means that our defini-
tion of a first admission after age 60 might not always be 
the “true” first admission. For example, an individual aged 
80 and admitted to hospital in 2010 might have experienced 
an admission at age 70 in 2000 for the same or a different 
condition.

Another limitation emerges from the use of a synthetic 
cohort study design—a perspective originating from demog-
raphy and actuarial sciences (Modig et al. 2020). Analo-
gously to the limitations of period life expectancy, our 

measure is based on the average of a temporary snapshot 
of all age groups combined in one single year (Modig et al. 
2020). Changes in time to first hospital admission might be 
subject to period- and cohort effects which remained unex-
plained in our study. Using a synthetic cohort study design 
aimed to ensure comparability over time and to maximise 
the amount of data included in each year.

A major strength of this study is the high-quality Danish 
register data that was used. By linking the CPR with the 
NPR, we were able to follow the total Danish population for 
hospital admissions. These data substantially reduced the 
known biases that typically emerge when using survey data, 
such as loss to follow-up, recall-bias, non-response, and 
reporting styles (Thygesen and Ersbøll 2014). While find-
ings where not always consistent, studies have shown that 
these aspects might differ over the life course and between 
men and women (Layes et al. 2012; Oksuzyan et al. 2019). 
This has important implications, for example, regarding the 
generalizability and interpretation of results from survey 
data surrounding the direction and magnitude of gender gaps 
in health and healthcare use.

Conclusion

Previous studies using routinely-collected hospital records 
have often only been able to include recorded hospital 
admissions. We were able to capture the underlying popula-
tion at risk to estimate a novel and intuitive population-level 
metric of health. Our measure, time to first hospital admis-
sion, has the same interpretation and mathematical proper-
ties as the well-established metric of period life expectancy. 
This meant that we were able to facilitate population-level 
comparisons over time and to decompose the cumulative 
contribution of different causes of admission to the gender 
gap in time to first admission. While gender differences in 
life expectancy have narrowed, gender differences in hospital 
admissions remained unchanged. Persistent gender differ-
ences in causes of admission are, therefore, important to 
consider when planning the delivery of health care in times 
of population ageing. A better understanding of the under-
lying mechanisms for gender differences in hospital admis-
sions is needed to ensure that hospitals are prepared for the 
challenges of population ageing.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10433- 021- 00614-w.
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