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Abstract
Objectives To enhance the understanding of the current increase in life expectancy and decreasing gender gap in life

expectancy.

Methods We obtained data on underlying cause of death from the National Board of Health and Welfare in Sweden for

1997 and 2014 and used Arriaga’s method to decompose life expectancy by age group and 24 causes of death.

Results Decreased mortality from ischemic heart disease had the largest impact on the increased life expectancy of both

men and women and on the decreased gender gap in life expectancy. Increased mortality from Alzheimer’s disease

negatively influenced overall life expectancy, but because of higher female mortality, it also served to decrease the gender

gap in life expectancy. The impact of other causes of death, particularly smoking-related causes, decreased in men but

increased in women, also reducing the gap in life expectancy.

Conclusions This study shows that a focus on overall changes in life expectancies may hide important differences in age-

and cause-specific mortality. It also emphasizes the importance of addressing modifiable lifestyle factors to reduce

avoidable mortality.
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Introduction

The gender gap in life expectancy is a well-known and

well-explored pattern. Women in Sweden have had, on

average, a 3-year higher life expectancy at birth than men

since the 1750s (HMD 2015). The female mortality

advantages have, however, gone through different phases

(Thorslund et al. 2013). There was a sharp rise in the

gender gap during the 1950s, when mortality started to

decline at a faster rate among Swedish women than among

Swedish men. The gender gap was at its greatest in 1978,

since then the gender gap in life expectancy has been

continuously declining (HMD 2015). The reasons for this

gender difference are thought to have both biological and

non-biological origins. Biological differences in genetic

structure and hormones are suggested to favor female life

expectancy (Luy and Wegner-Siegmundt 2015; Oksuzyan

et al. 2008). However, several studies have attributed the

bulk ([ 75%) of the gender gap in life expectancy to non-

biological factors (e.g., behavior, life style, social roles)

(Luy and Wegner-Siegmundt 2015; Oksuzyan et al. 2008),

with higher mortality risk among men due to smoking,

hazardous alcohol consumption, substance abuse and

occupational risks (Loef and Walach 2012; Oksuzyan et al.

2008). A recent paper addressing the gender gap in life

expectancy in Sweden also points to social change as a

main driver of the historically observed changes in the

gender gap (Hemström 2016). As for the currently ongoing

decrease of the gender gap in life expectancy, there is some

evidence suggesting that it could mostly be attributed to

changing gender patterns of smoking (Pampel 2002, 2005);

specifically, an increase in smoking among women and

subsequent delayed health consequences (Lopez et al.

1994; Pampel 2006). The gender gap in Sweden is one of

Europe’s lowest (Van Oyen et al. 2013). One way to

enhance our understanding of the recent decrease in the

gender gap in life expectancy is to decompose life
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expectancy by age- and cause-specific mortality. While

previous studies have addressed gender-specific life

expectancies in Sweden (Hemström 2016; Thorslund et al.

2013), they have not addressed the role of age- and cause-

specific mortality. In this study, we analyze recent changes

in life expectancy in Sweden by assessing a more com-

prehensive list of age- and cause-specific mortality in 1997

and 2014. We do this by analyzing the impact of (1)

changes in age- and cause-specific mortality on the

increase in life expectancy in men, (2) changes in age- and

cause-specific mortality on the increase of life expectancy

in women, and (3) changes in age- and cause-specific

mortality on the gender gap in life expectancy.

Methods

Information on underlying causes of death was collected

from the Swedish National Cause of Death Register for

1997 and 2014 (National Board of Health and Welfare

2016). In this register, underlying cause of death is defined

as ‘‘(a) the disease or injury which initiated the train of

morbid events leading directly to death, or (b) the cir-

cumstances of the accident or violence which produced the

fatal injury’’ (WHO 2004). All deaths are coded in accor-

dance with the International Classification of Disease 10th

version (ICD-10). The Swedish National Cause of Death

Register covers the deaths of all people registered as living

in Sweden, including deaths that occurred outside Sweden.

It does not cover stillborn infants, people applying for

asylum, people temporarily residing in Sweden, or emi-

grants who are no longer registered as living in Sweden

(Statistic Sweden 2010). The amount of data not reported

to the National Board of Health and Welfare and therefore

missing from death certificates has increased over time,

from 0.4% in 1997 to 1.0% in 2014 (National Board of

Health and Welfare 2000, 2015). Similarly, the percentage

of death certificates that lack a sufficiently specific cause of

death has increased, from 1.8% in 1997 to 2.6% in 2014

(National Board of Health and Welfare 2015; Statistic

Sweden 2010).

We restricted our analysis of underlying cause of death

to eight main chapters and 15 sub-chapters of the ICD-10

(Table 1), which cover 91–92% of all deaths. These causes

of death were chosen because of their impact on overall

mortality and/or change in life expectancy. All other causes

of death, 8–9%, were collapsed into one single group

(‘‘other’’). We used 5-year age groups (e.g., 0–4,

5–9 years) with the exception of the oldest age group,

which was ‘‘85 years or older’’. We used these age groups

because they are the groups for which official statistics are

available.

Analysis

Age-standardized mortality rates were obtained from the

National Cause of Death Register. Confidence intervals

were calculated with the method used by Chiang (1961).

Number of deaths was obtained for both genders (male and

female), both years (1997 and 2014) and for each age group

(0–4, 5–9… 85 years or older). We used Arriaga’s method

to decompose life expectancy by age and cause of death. In

a first step, the difference in life expectancy was decom-

posed by the contribution from each age group. This was

based on a direct, indirect and interaction effect. In a

second step, the contributions from each separate age group

were parted into the contributions from each specific cause

of death. By summing the contributions from each cause of

death across all age groups, the total contributions from

any given cause were obtained (Arriaga 1984; Auger et al.

2014; Preston et al. 2001). We decomposed the difference

in life expectancy between (1) men in 1997 and 2014, (2)

women in 1997 and 2014, (3) men and women in 1997, and

(4) men and women in 2014. This way, we estimated the

impact of age- and cause-specific mortality on the (1)

increase in male life expectancy; (2) increase in female life

expectancy; (3) gender gap in life expectancy in 1997, and

(4) gender gap in life expectancy in 2014. We based all life

expectancy estimates on the remaining life expectancy for

the 0–4 year age group.

Results

Between 1997 and 2014, age-standardized all-cause mor-

tality decreased by 26% in men and 16% in women

(Table 1), and life expectancy increased from 73.1 years to

76.1 years in men (3.6 years) and 78.3–80.3 years in

women (2 years). Hence, the gender gap in life expectancy

decreased from 5.2 years in 1997 to 3.6 years in 2014.

Mortality decline was found across all age groups (with

some exceptions as a result of very low mortality rates with

large fluctuations), but especially profound in those

60 years or older. Across all age groups, mortality declined

more in men than in women, especially in those 60 years or

older.

Table 2, column 1, shows the contribution of age-

specific mortality to the change in male life expectancy

between 1997 and 2014. Lower mortality in men 65 years

or older accounted for 2.3 years of the increase. The results

on cause-specific mortality (Table 3) show that reduced

mortality from diseases of the circulatory system explained

most of the increase in life expectancy and reduced mor-

tality from ischemic heart disease explained the greatest
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fraction of the increase. Mortality rose from a few causes,

which in turn had a negative impact on life expectancy.

Table 2, column 2, shows that reduced mortality in

women 65 years or older accounted for 1.37 years of the

total increase in female life expectancy. The results on

cause-specific mortality (Table 3) show that reduced mor-

tality from diseases of the circulatory system explained

most of the increase in life expectancy, and reduced mor-

tality from ischemic heart disease explained the greatest

fraction of the increase. The increased mortality from

certain causes observed in men was also observed in

women. However, women also experienced an increase in

smoking-related mortality (malignant neoplasms of respi-

ratory and intrathoracic organs, malignant neoplasm of

bronchus and lung, and chronic lower respiratory diseases),

mortality from falls, and mortality from mental and

behavioral disorders. Smoking-related mortality increased

mainly in those 65 years or older; mortality from the other

causes increased mainly in those 60 years or older. In total,

women 80 years or older accounted for the bulk (82%) of

the increased mortality from these causes (results not

shown).

Table 1 Age-adjusted mortality rates with 95% confidence interval for 23 causes of death in the population of Sweden in 1997 and 2014

Cause of death Men Women

1997 (95% CI) 2014 (95% CI) 1997 (95% CI) 2014 (95% CI)

I00–I99 Diseases of the circulatory

system

709.3 (699.9–718.6) 401.5 (395.2–407.8) 449.8 (444.0–455.6) 283.2 (278.9–287.5)

I20–I25 Ischemic heart diseases 378.6 (371.9–385.3) 174.4 (170.3–178.5) 194.7 (190.9–198.6) 95.3 (92.8–97.7)

I60–I69 Cerebrovascular diseases 142.6 (138.4–146.8) 73.4 (70.7–76.1) 117.6 (114.6–120.6) 62.8 (60.8–64.8)

I30–I52 Other forms of heart disease 99.9 (96.3–103.5) 100.9 (97.6–104.1) 75.5 (73.1–77.) 78.5 (76.3–80.7)

C00–D48 Neoplasms 341.2 (334.9–347.4) 289 (283.9–294.1) 225.5 (221.2–229.8) 208.2 (204.3–212.1)

C15–C26 Malignant neoplasms of

digestive organs

99.8 (96.5–103.2) 86 (83.2–88.7) 69.6 (67.2–72.0) 61.6 (59.5–63.7)

C61 Malignant neoplasm prostate 76.7 (73.6–79.7) 61.1 (58.6–63.5) ** **

C50–C50 Malignant neoplasm of breast 0.3 (0.1–0.5) 0.1 (0.0–0.2) 32.5 (30.9–34.1) 26.5 (25.1–27.8)

C51–C58 Malignant neoplasms of

female genital organs

** ** 27.5 (26.0–29.0) 22.6 (21.3–23.9)

C30–C39 Malignant neoplasms of

respiratory and intrathoracic organs

54.6 (52.2–57.1) 43.1 (41.1–45.0) 26.6 (25.0–28.1) 36.1 (34.4–37.7)

C34 Malignant neoplasm of bronchus

and lung

51.7 (49.3–54.0) 40.9 (39.0–42.8) 25.5 (24.0–27.0) 35.5 (33.9–37.1)

J00–J99 Diseases of the respiratory

system

117.2 (113.3–121.1) 71.1 (68.4–73.7) 70.1 (67.8–72.5) 48.7 (46.8–50.5)

J09–J18 Influenza and pneumonia 62.2 (59.3–65.1) 25.6 (23.9–27.2) 41.8 (40.1–43.6) 14.2 (13.3–15.2)

J40–J47 Chronic lower respiratory

diseases

42.5 (40.2–44.8) 31.9 (30.1–33.6) 21.2 (19.9–22.5) 28.5 (27.1–29.9)

V01–Y98 External causes of morbidity

and mortality

74.7 (71.9–77.4) 69.4 (66.9–71.9) 33.2 (31.6–34.8) 33 (31.5–34.5)

X60–X84 Intentional self-harm 20.8 (19.4–22.2) 16.6 (15.4–17.8) 7.7 (6.9–8.5) 7.4 (6.6–8.5)

W00–W19 Falls 10.1 (9.0–11.1) 14.2 (13.0–15.4) 5.2 (4.5–5.8) 7.5 (6.8–8.2)

F00–F99 Mental and behavioral disorders 37.5 (35.4–39.7) 55.3 (52.9–57.7) 34 (32.4–35.6) 64.3 (62.3–66.3)

F03 Unspecified dementia 18 (16.4–19.6) 37.3 (35.3–39.3) 25.3 (23.9–26.6) 49.5 (47.8–51.3)

G00–G99 Diseases of the nervous system 22 (20.5–23.6) 41.9 (39.9–43.9) 19.9 (18.6–21.1) 41.8 (40.1–43.5)

G30 Alzheimer’s disease 6 (5.2–6.9) 20.1 (18.7–21.6) 7 (6.3–7.8) 26.2 (24.9–27.4)

A00–B99 Certain infectious and parasitic

diseases

12.9 (11.7–14.2) 27.1 (25.5–28.8) 9 (8.1–9.8) 18.2 (17.1–19.3)

R00–R99 Symptoms, signs, abnormal

clinical and laboratory findings, not

elsewhere classified

26.7 (24.8–28.6) 30.1 (28.4–31.8) 25.9 (24.5–27.3) 29.3 (27.9–30.7)

Total 1451.1 (1438–1464) 1078.6 (1068–1089) 944.3 (936–953) 793.9 (787–801)

Causes of deaths are coded according to ICD-10 and are listed in a hierarchical order according to their impact on mortality

** Sex specific cancer for the other gender. Not applicable
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Gender gap in life expectancy

Between 1997 and 2014, the gender gap in life expectancy

decreased by 1.55 years. Figure 1 shows the main causes

of death that explained most of the gender gap in each year.

The decreasing gap resulted from three patterns. First, male

mortality decreased at a faster rate than female mortality.

Second, male mortality from certain causes of death

decreased, whereas female mortality from those causes

increased. Third, mortality from a few specific causes

increased in both genders, but increased more in women.

The first pattern (male mortality decreased at a faster rate

than female mortality) was the main driver of the decrease

in the gender gap. Essentially all main ICD-10 chapters of

underlying cause of death show this trend. As seen in

Fig. 1, reduced mortality from diseases of the circulatory

system, especially from ischemic heart disease, had the

largest impact on the reduction in the gender gap. How-

ever, when we decomposed the result by ICD-10 sub-

chapters, more details emerged. Smoking-related deaths

(from lung cancer and chronic lower respiratory disease),

deaths from falls, and deaths from mental and behavioral

disorders decreased in men but increased in women.

Mortality from unspecified dementia and Alzheimer’s

disease increased in both genders, but had a larger negative

impact on female life expectancy than male life

expectancy.

Analysis of the impact of age-specific mortality on the

gender gap in 1997 showed that mortality in people

65 years or older had the greatest impact on the overall

gender gap. By 2014, a clear shift had occurred. Mortality

in people 85 years or older had the greatest impact on the

overall gender gap, although the gender gap also dimin-

ished in this age group.

Discussion

In this study, we assessed the impact of age- and cause-

specific mortality on the increasing life expectancy among

men and women, and on the decreasing gender gap in life

expectancy, between years 1997 and 2014. We found that

lower mortality in men 60–84 years explained most of the

increase in men’s life expectancy, and that lower mortality

in women 70–84 years explained most of the increase in

women’s life expectancy. The decreasing gender gap was

primarily the result of a more rapid mortality decline from

Table 2 Age-specific contribution to the change in life expectancy between 1997 and 2014

Age Male LE 1997–2014 Female LE 1997–2014 Sex gap LE 1997 Gender gap LE 2014 Gender gap change

Years % Years % Years % Years % Years %

C85 0.21 5.9 0.17 8.2 - 0.71 13.7 - 0.62 17.0 0.09 5.81

80–84 0.39 11.0 0.35 17.2 - 0.64 12.3 - 0.51 14.2 0.13 8.39

75–79 0.57 15.7 0.34 16.9 - 0.77 14.8 - 0.51 14.1 0.26 16.77

70–74 0.66 18.3 0.35 17.1 - 0.72 13.8 - 0.40 11.1 0.32 20.65

65–69 0.49 13.6 0.16 7.9 - 0.63 12.1 - 0.35 9.7 0.28 18.06

60–64 0.37 10.3 0.14 6.7 - 0.47 9.2 - 0.28 7.8 0.19 12.26

55–59 0.24 6.7 0.11 5.4 - 0.29 5.6 - 0.18 5.0 0.11 7.10

50–54 0.22 6.0 0.13 6.3 - 0.20 3.9 - 0.12 3.4 0.08 5.16

45–49 0.15 4.1 0.07 3.6 - 0.16 3.1 - 0.10 2.7 0.06 3.87

40–44 0.12 3.4 0.06 3.0 - 0.13 2.4 - 0.07 2.0 0.06 3.87

35–39 0.11 3.1 0.05 2.6 - 0.13 2.5 - 0.08 2.2 0.05 3.23

30–34 - 0.01 - 0.4 0.02 0.8 - 0.07 1.4 - 0.11 3.1 - 0.04 - 2.58

25–29 0.00 - 0.1 0.00 - 0.1 - 0.10 1.9 - 0.11 3.0 - 0.01 - 0.65

20–24 0.02 0.5 0.02 1.2 - 0.11 2.1 - 0.12 3.3 - 0.01 - 0.65

15–19 0.00 - 0.1 0.02 1.0 - 0.02 0.3 - 0.04 1.1 - 0.02 - 1.29

10–14 0.01 0.2 0.02 1.1 0.01 - 0.1 - 0.01 0.2 - 0.02 - 1.29

5–9 0.04 1.1 0.00 - 0.2 - 0.03 0.6 0.01 - 0.3 0.04 2.58

\ 4 0.02 0.7 0.02 1.1 - 0.01 0.3 - 0.01 0.3 0.0 0.0

Total 3.59 100 2.04 100 - 5.17 100 - 3.62 100 1.55 100

The first column shows the increase in male life expectancy; the second, the increase in female life expectancy; the third, the gender gap in life

expectancy in 1997; and the fourth, the gender gap in life expectancy in 2014. The negative values in columns three and four indicate male

disadvantage. Sweden year 1997 and 2014
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Table 3 The impact of cause-specific mortality on the change in life expectancy between 1997 and 2014

Cause of death Male life

expectancy

1997–2014

Female life

expectancy

1997–2014

Gender gap life

expectancy

1997

Gender gap life

expectancy

2014

Change gender

gap life

expectancy

1997–2014

Years % Years % Years % Years % Years %

I00–I99 Diseases of the circulatory system (excl.

I20–I25, I60–I69, I30–I52)

0.28 7.8 0.19 9.4 - 0.25 4.8 - 0.09 2.6 - 0.16 10.2

I20–I25 Ischemic heart diseases 1.72 47.9 1.09 53.3 - 1.82 35.2 - 0.93 25.7 - 0.89 57.5

I60–I69 Cerebrovascular diseases 0.49 13.6 0.60 29.2 - 0.25 4.8 - 0.14 3.8 - 0.11 7.3

I30–I52 Other forms of heart disease 0.01 0.2 - 0.02 - 1.0 - 0.24 4.7 - 0.28 7.8 0.04 - 2.7

Total I00–I99 Diseases of the circulatory system 2.50 69.6 1.86 90.9 - 2.56 49.6 - 1.44 39.9 - 1.12 72.2

C00–D48 Neoplasms (excl. C15–C26, C61, C50,

C51–C58, C30–C39, C34)

0.20 5.4 0.16 7.9 - 0.43 8.3 - 0.47 12.9 0.04 - 2.6

C15–C26 Malignant neoplasms of digestive organs 0.14 3.8 0.11 5.5 - 0.29 5.7 - 0.29 8.0 0.00 0.1

C61 Malignant neoplasm prostate 0.16 4.4 0.00 0.0 - 0.63 12.2 - 0.63 17.3 - 0.01 0.4

C51–C58 Malignant neoplasms of female genital

organs

0.00 0.0 0.10 4.8 0.32 - 6.2 0.30 - 8.3 0.02 - 1.4

C50 Malignant neoplasm of breast 0.00 0.0 0.13 6.3 0.41 - 8.0 0.38 - 10.4 0.04 - 2.3

C30–C39 Malignant neoplasms of respiratory and

intrathoracic organs (excl. C34)

0.01 0.3 0.01 0.3 - 0.02 0.4 - 0.02 0.5 0.00 0.2

C34 Malignant neoplasm of bronchus and lung 0.16 4.6 - 0.10 - 4.9 - 0.25 4.7 - 0.04 1.0 - 0.21 13.4

Total C00–D48 Neoplasms 0.67 18.6 0.40 19.8 - 0.88 17.1 - 0.76 21.1 - 0.12 7.9

J00–J99 Diseases of the respiratory system (excl.

J09–J18, J40–J47)

0.00 - 0.1 0.01 0.4 - 0.05 1.0 - 0.08 2.3 0.03 - 2.0

J09–J18 Influenza and pneumonia 0.18 5.0 0.26 12.9 - 0.15 2.9 - 0.12 3.3 - 0.03 2.2

J40–J47 Chronic lower respiratory diseases 0.09 2.5 - 0.06 - 2.8 - 0.15 2.9 - 0.02 0.6 - 0.13 8.3

Total J00–J99 Diseases of the respiratory system 0.27 7.4 0.21 10.5 - 0.36 6.9 - 0.22 6.2 - 0.13 8.5

V01–Y98 External causes of morbidity and

mortality (excl. X60–X84, W00–W19)

0.07 1.8 0.04 2.0 - 0.46 8.9 - 0.47 13.1 0.01 - 0.9

X60–X84 Intentional self-harm 0.10 2.8 0.01 0.7 - 0.26 5.0 - 0.21 5.8 - 0.05 3.1

W00–W19 Falls 0.00 - 0.1 - 0.02 - 0.8 - 0.06 1.2 - 0.08 2.3 0.02 - 1.4

Total V01–Y98 External causes of morbidity and

mortality

0.16 4.6 0.04 2.0 - 0.78 15.1 - 0.77 21.2 - 0.01 0.8

F00–F99 Mental and behavioral disorders (excl.

F03)

0.16 4.4 - 0.03 - 1.4 - 0.18 3.5 - 0.05 1.3 - 0.13 8.6

F03 Unspecified dementia - 0.08 - 2.3 - 0.22 - 10.8 0.05 - 0.9 0.11 - 3.1 - 0.07 4.3

Total F00–F99 Mental and behavioral disorders 0.08 2.1 - 0.25 - 12.2 - 0.14 2.6 0.07 - 1.8 - 0.20 13.0

G00–G99 Diseases of the nervous system (excl.

G30)

- 0.02 - 0.5 - 0.02 - 0.9 - 0.04 0.8 - 0.07 2.0 0.03 - 1.9

G30 Alzheimer’s disease - 0.06 - 1.8 - 0.18 - 8.7 0.01 - 0.2 0.06 - 1.7 - 0.05 3.2

Total G00–G99 Diseases of the nervous system - 0.08 - 2.3 - 0.20 - 9.6 - 0.03 0.6 - 0.01 0.3 - 0.02 1.3

A00–B99 Certain infectious and parasitic diseases - 0.06 - 1.7 - 0.09 - 4.2 - 0.05 0.9 - 0.10 2.7 0.05 - 3.3

R00–R99 Symptoms, signs, abnormal clinical and

laboratory findings, not elsewhere classified

- 0.07 - 2.1 - 0.05 - 2.7 - 0.03 0.7 - 0.06 1.8 0.03 - 1.9

Other 0.14 3.9 0.11 5.4 - 0.34 6.6 - 0.32 8.8 - 0.02 1.4

Total 3.59 100 2.04 100 - 5.17 100 - 3.62 100 - 1.55 100

The first column shows the increase in male life expectancy; the second, the increase in female life expectancy; the third, the sex gap in life

expectancy in 1997; the fourth, the sex gap in life expectancy in 2014; and the fifth, the change in sex gap between 1997 and 2014. Sweden year

1997 and 2014

Causes of deaths are coded according to ICD-10. Negative values in the first two columns indicate a negative impact on life expectancy. Negative

values in the third and fourth columns indicate male disadvantage. Negative values in the fifth column indicate a reduction in the gender gap, and

positive values indicate an increase in the gender gap. Causes of deaths listed in a hierarchical order according to their impact on mortality
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circulatory diseases among men than women, especially in

those 70–74 years.

These results should be viewed in light of a number of

limitations. First, everyone 85 years or older were col-

lapsed in a single age group, since the official data used set

this boundary for the oldest age group, and a large pro-

portion of all deaths happened in this group. During the

study period, the number and proportion of deaths occur-

ring in this age group increased, as did the mean age of

death (HMD 2015). Hence, the description of the mortality

pattern among the oldest old is less detailed than the

description of the mortality patterns in younger age groups.

The second limitation regards the classification of the

underlying cause of death. The number of missing death

certificates and the number of death certificates with

insufficient information have increased over time. How-

ever, missing data are still rare (0.4–2.6%). Third, previous

studies have found major coding errors in the main ICD

chapters of death certificates (Alfsen and Maehlen 2012;

Mieno et al. 2016). Such coding errors are especially rel-

evant in studies of older people, because multimorbidity,

which is common in the older population, increases the

uncertainty of death certificates (Lahti and Penttilä 2003;

Mieno et al. 2016). Although misclassification of the

underlying cause of death is a substantial problem at the

individual level, such misclassification is less of a problem

at the aggregated level, because the errors tend to balance

each other (Statistic Sweden 2010). Sweden’s decreased

autopsy rate could also negatively impact the accuracy of

the diagnoses of underlying causes of death (Alfsen and

Maehlen 2012; Lindström et al. 1997). The autopsy rate

declined during the study period and is generally lower in

the older population (National Board of Health and Wel-

fare 2000, 2015). However, declining autopsy rates do not

necessarily imply increasing errors, as diagnostics and

health records have improved in parallel (Statistic Sweden

2010).

We chose the study period specifically to facilitate

comparisons of the causes of death. Sweden shifted from

the ICD-9 to the ICD-10 in 1997, so by selecting 1997 as

the initial study year, we minimized potential classification

errors that could have arisen from a shift in coding the

underlying cause of death. Another strength of the study is

that we focused on main chapters from the ICD-10 and

included a limited number of sub-chapters. Because coding

errors increase with increasing level of diagnostic detail

(Lahti and Penttilä 2001; Statistic Sweden 2010), this

choice reduced the risk for such errors. However, we still

assessed a more comprehensive list of causes of death than

previous studies, which have either focused on a specific

age range (Glei and Horiuchi 2007; Vollset 2013), fewer

causes of death (Klenk et al. 2016; Trovato and Lalu 1998),

or avoidable mortality (Westerling 1992, 2003; Westerling

et al. 1996).

With regard to age-specific mortality, a previous study

that addressed cohort differences in mortality found that in

cohorts born in and after 1880, the gender gap in life

expectancy was mainly the result of higher mortality

Fig. 1 The gender gap in life

expectancy in 1997 and 2014

decomposed by the eight main

causes of death and other causes

of death. Values above zero

indicate higher mortality in

women, and values below zero

indicate higher mortality in

men. The sum of the negative

and positive values results in a

gender gap of 5.2 years in 1997

and 3.6 years in 2014
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among men aged 50–70 years (Beltrán-Sánchez et al.

2015), and other period-specific studies have found the

same (Glei and Horiuchi 2007; Klenk et al. 2016; Trovato

and Lalu 1998). In this study, we found a somewhat dif-

ferent pattern. In 1997, the main explanation for the gender

gap in mortality was the higher mortality rate in men

65 years or older. In 2014, mortality in the age groups 65

and above was still important, but the main contribution

came from those 85 years or older. Given the ongoing

increase in life expectancy in old age, the growing impact

of mortality at older ages on the gender gap is not

surprising.

Our results on cause-specific mortality are in line with

what others have found; namely, that most of the increased

life expectancy and most of the decreased gender gap in

life expectancy is the result of reduced mortality from

circulatory diseases. Our results show that decreased

mortality from circulatory diseases accounted for 70% of

the reduced gender gap, and that ischemic heart disease

explained the vast majority of this decrease. We know that

lifestyle has a profound impact on the occurrence of cir-

culatory disease and of cardiovascular disease (Kones and

Rumana 2014), and that smoking is a major contributor

(Lim et al. 2012). Given that there is a gender difference in

lifestyle behaviors, especially in smoking (Peters et al.

2014), but also in diet, overweight and obesity (Institute for

Health Metrics and Evaluation (IHME) 2016), the reduced

gender gap in life expectancy could be a reflection of

diminishing gender differences in lifestyles. However,

while decreased smoking has had a positive impact on life

expectancy through the reduction of diseases in the circu-

latory system, the increasing prevalence of obesity could

have a counteracting effect. Obesity has increased in both

men and women in Sweden (Juul and Hemmingsson 2010),

and it is a contributing factor to many causes of death

(Barbieri et al. 2017). Hence, although not stated as the

underlying cause of death, the increasing prevalence of

obesity has probably had a negative impact on life expec-

tancy development among both men and women. To what

degree it has had an impact on the gender gap, and in what

direction, we do not know as of yet, but the prevalence of

obesity has been found to be similar across the genders

(Juul and Hemmingsson 2010). Although smoking was

initially much more prevalent among men, the prevalence

of smoking has become higher among women than men

since the 1990s (Midlöv et al. 2014; Patja et al. 2009). Our

results show that mortality from lung cancer and lower

respiratory disease decreased in men but increased in

women [about 90% of all deaths from chronic lower res-

piratory disease in Sweden in 2014 were due to chronic

obstructive pulmonary disease (National Board of Health

and Welfare 2016)]. Thus, the impact of lung cancer and of

chronic lower respiratory disease on the gender gap in life

expectancy decreased overall, and was attributable to both

decreased mortality in men and increased mortality in

women.

The results also showed a rise in mortality from certain

causes of death, which diminished the increases in life

expectancy by a total of - 0.3 years in men and

- 0.8 years in women. This was especially evident for

unspecified dementia, Alzheimer’s disease and mortality

from falls. Yet, some of the observed increases in cause-

specific mortality should be interpreted with caution. Most

of the observed mortality increases from these causes of

death occurred in the oldest age groups. On the one hand,

there are more inaccuracies on the death certificates of the

oldest age groups (Lahti and Penttilä 2003), and one known

problem is an underreporting of Alzheimer’s disease as the

cause of death (Ganguli and Rodriguez 1999; Garcia-Pta-

cek et al. 2016). This could mean that the current analyses

underestimated the increase in Alzheimer’s disease as a

cause of death among the oldest old, both in 1997 and in

2014. On the other hand, improved diagnostic tools and

increased awareness might have reduced the problem of

underreporting of certain diseases, as has happened with

falls (Kharrazi et al. 2015). Thus, at least part of the

increase in falls and in Alzheimer’s disease as causes of

death might be due to more accurate reporting in 2014 than

1997. We have no reason to suspect that the reporting

procedure would affect men and women differently, and

therefore we do not believe that this has had a substantial

impact on the gender gap. Moreover, the increase of deaths

from certain causes is likely to reflect a real change, rather

than just changes in the coding procedure. When some

causes of death decrease, others tend to increase, as com-

peting risks. Increased survival, especially from diseases of

the circulatory system, has allowed an increasing propor-

tion of the population to reach very old age, and thereby to

be at risk for Alzheimer’s disease and other age-related

diseases. Similarly, cancer mortality has decreased the last

decades, and it also declines in very old age (Liu and Liu

2016), thus opening up for the increase of other causes of

death.

Researchers have consistently pointed towards the dif-

ferent evolution of smoking behavior among men and

women as an important explanation for the decreasing

gender gap in life expectancy (Hemström 2016; Luy and

Wegner-Siegmundt 2015; Pampel 2002, 2005). However,

it seems like the impact of smoking only plays a minor role

for the current gender gap. Whereas it accounted for about

20% of the gap from the 1950s through the 1980s, it only

accounted for about 5% of the gap in 2013 (Luy and

Wegner-Siegmundt 2015; Valkonen and Van Poppel

1997). Our study did not specifically address smoking-re-

lated mortality, but its diminishing impact on the remaining

gender gap is evident in the finding that mortality from

Why is the gender gap in life expectancy decreasing? 679
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chronic lower respiratory disease and lung cancer

decreased in men but increased in women. Although

mortality from smoking contributes to reducing the gender

gap, smoking still remains an important public health target

since it has a strong negative impact on health and mor-

tality, and especially since mortality from smoking has

increased among women. Yet, our results put forward the

importance of both biological factors and lifestyle factors

other than smoking for the explanations of the gender gap

in life expectancy. Previous studies of the gender gap in

life expectancy in Sweden have emphasized the importance

of social conditions and social change (Hemström 2016;

Thorslund et al. 2013). Our findings underscore this

emphasis. Thus we would like to highlight the fact that

other lifestyle factors besides smoking may need to be

targeted in order to maintain a positive development of life

expectancy for both genders, and a continuously decreasing

gender gap. Hence, future studies should put emphasis on

the impact of a broader range of modifiable life style fac-

tors and avoidable mortality in order to understand the

ongoing trend in increasing life expectancy, the decreasing

gender gap in life expectancy, as well as the scope for

future improvements.

Funding The study received financial support from the Swedish

Research Council for Health, Working Life and Welfare (grant

number 2012-1704 and 2011-1330], and from NordForsk (grant

number 74637, Social Inequalities in Ageing). This study was con-

ducted while the corresponding author was affiliated with the Swedish

National Graduate School for Competitive Science on Ageing and

Health (SWEAH), which is funded by the Swedish Research Council.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of

interest.

Open Access This article is distributed under the terms of the Creative

Commons Attribution 4.0 International License (http://creative

commons.org/licenses/by/4.0/), which permits unrestricted use, dis-

tribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

Alfsen G, Maehlen J (2012) The value of autopsies for determining

the cause of death Tidsskrift for den Norske laegeforening:

tidsskrift for praktisk medicin, ny raekke 132:147–151

Arriaga EE (1984) Measuring and explaining the change in life

expectancies. Demography 21:83–96

Auger N, Feuillet P, Martel S, Lo E, Barry AD, Harper S (2014)

Mortality inequality in populations with equal life expectancy:

Arriaga’s decomposition method in SAS, Stata, and Excel. Ann

Epidemiol 24:575

Barbieri M, Désesquelles A, Egidi V, Demuru E, Frova L, Meslé F,
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