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Abstract

Little is known on whether narrowing sex differences in mortality have been accompanied by

shrinking sex differences in health in Denmark within the last decades. Using register data for the

total population, we estimated the number of hospitalization-free years for men and women aged 60

between 1995 and 2014. We decomposed differences across time and between sexes using a method

of continuous change. Between 1995 and 2014, the number of hospitalization-free years rose from

8.6 to 11.4 among men and from 9.4 to 12.6 among women. A decreasing risk of admissions from

neoplasms among women aged 60-69 was the main driver of widening sex differentials between

1995 and 2014. Widening sex difference in the number of hospitalization-free years at age 60 point

towards increasing sex differences in the postponement of disease towards older ages, and might

indicate that women have benefited more from medical progress of the last decades.

Background

After having reached a peak in the 1970s predominantly, the remaining life expectancy of men and

women aged 60 has started to narrow in all low-mortality countries, including Denmark.1,2 While

the drivers of mortality trends are well explored,3,4 little is known on whether this narrowing in the

average length of remaining years of life among men and women has been accompanied by shrinking

sex differences in health.

We refer to an admission to hospital as an event, which indicates an acute manifestation of health
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deterioration.5,6. Studies have shown that a variety of risk factors for mortality are also strongly

associated with an increased risk of hospitalization, including smoking, hazardous drinking, a lack

of physical activity and obesity diet.7,8 Furthermore, the access to health care services is free and

universal in Denmark, with general practitioners having a strong gate-keeping function for the use of

hospital care.9 Based on these observations, we utilized hospital admissions as indicators of population

health in order to monitor changes in health on a population level.10

In a first step, we investigated changes in the average number of remaining years until the first admis-

sion to hospital for an individual aged 60 between 1995 and 2014 in Denmark. In a second step, we

disentangled the ages and the causes that accounted for these changes, and identify the drivers of the

sex differences within this period among the Danish population aged 60+.

Methods and Materials

Data

In this study we used data of the total Danish population. Using the unique personal identification

number (CPR-Number) we linked records from the National Patient Register (NPR) with data of the

Central Population Registry (CPR). The CPR, covers data on the vital status, sex, place and date

of birth of all individuals alive and residing in Denmark since 1968.11 The NPR, a population-based

register with nationwide coverage, contains information on all treatments provided in Danish hospitals

since 1977.12 Reports to the NPR are compulsory and levels of completeness and reliability are high

making it a valuable tool for epidemiological research.13 At this stage of the project, we focused on the

time period after the introduction of the ICD-10 in Denmark. We classified the causes of admission

according to the main chapters of the ICD-10.

Study Population

To ensure consistency in the methodology and comparability of the estimated values through-out the

entire period, we applied an identical methodology for each calendar year. We first linked the CPR

and the NPR to gather information on all inpatient admissions and the population alive and residing

in Denmark. We dropped all individuals from the study population, who were admitted to hospital
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within a previous 7-year period to exclude follow-up admissions. In a next step, we identified the

population at risk and first events. First events were defined as the first admission to hospital as an

inpatient after the age of 60, for all causes of admission, and of at least 3 days of stay.

Analysis

We calculated life tables for each calendar year and separately.14 We used the age-specific risk to have

a first event at age x and year t, q(x, t), to estimate e(60)Hosp,t. Our measure e(60)Hosp,t quantified

the expected average number of years a person of exact age 60 in year t experiences until the first

admission to hospital – or in other words: the expected number of hospitalization-free years of life at

age 60. We split the overall age-specific risk q(x, t) into the contribution of different causes, qi(x, t).

This enabled us to disentangled the causes of admission to hospital which accounted for the changes

in the number of remaining years until the first admission to hospital between 1995 and 2014, and the

male – female differences in 1995 and 2014 using a method of continuous change.15
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Results
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Figure 1: Trends in e(60)Hosp for men and women in Denmark, 1995–2014.

As shown is figure 1, we found the number of hospitalization-free years at age 60 to be consistently

higher for women than for men. In 1995, the levels were 8.6 years for men and 9.4 years for women.

The levels increased steadily among men and women within the observed period. While it increased

by 2.6 years among men and to levels of 11.4 years, it increased by 3.2 years among women and to

levels of 12.6 years in 2014. We found the gap between men and women to almost double within the

observed period and to increased from 0.6 years in 1995 to 1.1 years in 2014.
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Figure 2: Contribution of ages and causes to the increase in e(60)Hosp between 1995 and 2014.

Figure 2 shows the contribution of causes and ages to the increase in the number of remaining

hospitalization-free years at age 60 between 1995 and 2014. As shown in both panels, all ages and

causes contributed to the increasing levels of e(60)Hosp. Among men, improvements among circulatory

diseases accounted for 1.1 years of the changes, followed by neoplasms with 0.5 years. Together, these

two causes accounted for 62% of the increase among men. The contribution of circulatory diseases was

smaller among women and on a level of 0.8 years. Reductions in first admissions due to neoplasms

were higher among women than among men, contributing 0.7 years to the increase.

We found that not all causes of admission contributed to the female advantage in the remaining number

of hospitalization-free years at age 60. As it is shown in figure 3, we found women to have a disadvan-

tage regarding external causes and musculoskeletal disorders at both points in time when compared

with men. Circulatory diseases accounted for the largest part of the sex differentials in 1995 and 2014.

When comparing both points in time, we found that women have lost their disadvantage regarding

respiratory diseases and, especially, neoplasms at ages 60–69 in 2014.
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Figure 3: Contribution of ages and causes to the sex differences in e(60)Hosp in 1995 and 2014.

Discussion

We found the number of hospitalization-free years to increase steadily within the observed period for

men and women, indicating that the onset of the first severe morbidity within the life course shifted

towards older ages. However, in contrast to shrinking sex differences in remaining life expectancy at

age 60, we found that the female advantage in the number of remaining years without admission has

increased between 1995 and 2014. This may indicate increasing sex differences in the postponement of

disease towards older ages. Our finding of widening sex differences in the mean age at first admission

might point towards the fact that medical progress and the introduction of preventive measures like

the ”Heart Plan” in Denmark might have been more beneficial for the health of women than for men.

Moreover, the extinction of the Danish women born between the two world wars, who had high rates

of smoking throughout their whole life,16 might have contributed to the increasing female advantage

within the studied period.
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Outlook

We plan to extent the period of observation as data on hospital admissions are available since 1977.

Utilizing a 7-year washout period will enable us to go back to 1984. Furthermore, we will carry out a

variety of robustness checks. These checks will aim on the duration of the wash-out period (5 years,

7 years, 10 years), the duration of stay in hospital (1 day, 3 days, 5 days), and the decomposition of

differences taking consideration of sex-specific causes of admission as a separate category.
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[5] Höhn A, Larsen LA, Schneider DC, Lindahl-Jacobsen R, Rau R, Christensen K, et al. Sex

differences in the 1-year risk of dying following all-cause and cause-specific hospital admission

after age 50 in comparison with a general and non-hospitalised population: a register-based cohort

study of the Danish population. BMJ open. 2018;8:e021813.

[6] Karampampa K, Drefahl S, Andersson T, Ahlbom A, Modig K. Trends in age at first hospital

admission in relation to trends in life expectancy in Swedish men and women above the age of 60.

BMJ Open. 2013;3:439–454.

[7] Syddall HE, Westbury LD, Simmonds SJ, Robinson S, Cooper C, Sayer AA. Understanding poor

health behaviours as predictors of different types of hospital admission in older people: findings

from the Hertfordshire Cohort Study. J Epidemiol Community Health. 2016;70:292–298.

7



[8] Hanlon P, Lawder R, Elders A, Clark D, Walsh D, Whyte B, et al. An analysis of the link between

behavioural, biological and social risk factors and subsequent hospital admission in Scotland. J

Public Health. 2007;29:405–412.

[9] Olesen F, Hansen RP, Vedsted P. Delay in diagnosis: the experience in Denmark. Br J Cancer.

2009;101:5–8.

[10] Simmonds SJ, Syddall HE, Walsh B, Evandrou M, Dennison EM, Cooper C, et al. Understanding

NHS hospital admissions in England: linkage of Hospital episode statistics to the Hertfordshire

cohort study. Age Ageing. 2014;p. 653–660.

[11] Pedersen CB. The Danish Civil Registration System. Scand J Public Health. 2011;7:22–25.

[12] Lynge E, Lynge Sandegaard J, Rebolj M. The Danish National Patient Register. Scand J Public

Health. 2011;7:30–33.

[13] Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L, Sørensen HT. The Dan-

ish National Patient Registry: a review of content, data quality, and research potential. Clin

Epidemiol. 2015;7:449–490.

[14] Preston S, Heuveline P, Guillot M. Demography: measuring and modeling population processes.

2000;.

[15] Horiuchi S, Wilmoth JR, Pletcher SD. A decomposition method based on a model of continuous

change. Demography. 2008;45:785–801.

[16] Lindahl-Jacobsen R, Rau R, Jeune B, Canudas-Romo V, Lenart A, Christensen K, et al. Rise,

stagnation, and rise of Danish womens life expectancy. Proc Natl Acad Sci USA. 2016;p. 4015–

4020.

8



Supplementary Material

Classification of Causes of Admission

Cause of hospital admission ICD-10

Cardiovascular diseases I00 - I99
External causes S00 - T98 & V01-Y98
Musculosceletal disorders M00 - M99
Neoplasms C00 - D48
Respiratory Diseases J00 - J99
All other diseases - all other -

Sensitivity Analysis
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Figure S-1: Trends in e(60)Hosp for men and women; with and without sex-specific causes of admission.
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Figure S-2: Absolute sex differences in e(60)Hosp; with and without sex-specific causes of admission.
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