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Forecast of future premature mortality as a result of trends
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Abstract In many countries obesity has increased dra-
matically during the last decades, while there has been a
parallel decrease in smoking. The objective of the present
study was to estimate the net effect on premature mortality
of these trends. A simulation model was developed to
estimate the expected number of deaths between ages 19—
56 years for cohorts of young men (n = 50,000), depend-
ing on inputs of obesity and smoking prevalence. The
model was populated with nationwide data of Swedish men
performing mandatory military conscription tests between
1969 and 2005. Risk equations for all cause mortality with
smoking and obesity status as predictors were developed
based on the 1969-1970 conscription cohort (n = 45,920;
2,897 deaths, median follow-up 38 years). It was found
that between 1969 and 2005, the prevalence of smoking
decreased from 58.6 to 23.2%, while overweight increased
from 5.7 to 15.6% and obesity from 0.8 to 5.5%. As a result
of these trends, a 14% (Clgsg, 6, 21%) reduction of pre-
mature deaths between ages 19 and 56 years was fore-
casted for men aged 19 year in 2004-2005 compared to
men aged 19 years in 1969—-1970 (2,679 vs. 3,116 deaths).
However, one-third of the survival benefit from reduced
smoking during the period was offset due to the parallel
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increase in obesity. This study shows that despite large
increases in overweight and obesity, a continued decline in
premature deaths among Swedish males is expected due to
reduced smoking during the last four decades.
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Introduction

Obesity has increased dramatically in recent decades and is
today highly prevalent, with an estimated worldwide
prevalence in 2005 of 20.3% in economically developed
countries [1]. In Swedish adolescents, overweight has tri-
pled, obesity quintupled and morbid obesity increased
tenfold from the period 1969-1974 compared to 2000—
2005 [2]. With the strong association between obesity
status and subsequent cardiovascular disease [3], disability
pension [4, 5] and premature death [6-8], it will likely be
several decades until the full burden of recent obesity
trends on healthcare and society is manifested.

In contrast to the trends of increasing obesity, the
prevalence of smoking, a factor also strongly associated
with cardiovascular disease, disability pension [9] and
premature death [10], has decreased substantially during
the last decades in several industrialized countries [11-13].
Smoking and obesity in adolescents, arguably the two most
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important modifiable risk factors in this age group, inde-
pendently increase premature mortality risk, but the com-
bined effects of these simultaneous opposite trends on life
expectancy is unknown.

The aim of this study was to estimate the net effect on
future premature deaths due to trends in obesity and
smoking in adolescent Swedish men.

Materials and methods

A Markov model [14] with Monte Carlo simulation was
developed to simulate the effects on expected number of
premature deaths between age 19 and 56 years based on
inputs of obesity and smoking status from a nationwide
cohort study of Swedish men. The time horizon of the
model was chosen in order to avoid extrapolation outside
the observed data. The model was constituted by two
health states (“Alive” and “Dead”) with possible annual
transitions from “Alive” to “Dead”. Cycles of 1 year until
cohort participants had reached age 56 years or died were
utilized. In each cycle, individuals of the cohort were
subjected to time-dependent risks of death, based on
obesity and smoking status at age 19 years, and age at
cycle (i.e. 19-56 years, with increasing risk of death with
older age). Simulations were run for 10,000 iterations, and
empirical 95% confidence intervals were retrieved from the
sorted simulation results as the 250th and 9,750th values.

Input data

The model input data consisted of prevalence of smoking
and obesity, as well as obesity-, smoking-, and age-specific
annual risk of death. The data were retrieved from the
nationwide Swedish Military Service Conscription Regis-
ter, which has been presented in greater detail elsewhere
[15]. Briefly, military conscription was mandatory for all
Swedish men during the study period, and is normally
completed during the last year of high-school (age 18-
19 years). At conscription the young men go through a 2-
day test including medical examinations.

Based on the unique personal identification number
assigned to each Swedish citizen, a dataset was created by
register linkage between the Military Service Conscription
Register, Register of the Total Population, and Population
and Housing Censuses. In order to be included in the
current study, subjects were required to have performed
their military conscription tests between 16 and 20 years of
age, and to have data recorded on measured weight and
height as well as self-reported smoking habits at con-
scription (i.e. complete case analysis was used). The age
restriction was used to keep the sample homogenous by
age.
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Risk equation input data

The risk equations employed in the model were derived
from the cohort performing military conscription tests in
1969-1970. A proportional hazards regression model using
the parametric Weibull distribution [16] was used to model
absolute annual risks of premature death for each one-year
cycle in the simulation model. Participants were censored
at emigration, death or end of follow-up, whichever came
first. Except for the predictors smoking and obesity status,
the models were adjusted for household socio-economic
index (white collar, blue collar, self-employed, other). The
information on socio-economic index was extracted from
the Population and Housing Census 1970 and thus repre-
sents household socio-economic index during childhood.
Data on alcohol consumption and highest attained educa-
tion were also available, but due to high degree of collin-
earity with socio-economic position these variables were
not used simultaneously. The estimates for BMI- and
smoking categories were unaffected when these covariates
were also used in the regression model.

Body mass index (BMI) was used as proxy for fatness. It
was defined as weight in light clothing (kg) divided by
height (m) squared, without shoes, and categorized into the
World Health Organization-defined BMI categories
underweight (<18.5), normal weight (18.5-24.9), over-
weight (25-29.9) and obesity (=>30) [17]. To minimize
errors of misclassifications, exclusion limits were applied
for height (<150 or >210 cm), weight (<40 or >150 kg)
and BMI (<15 or >60 kg/mz). Smoking status was cate-
gorized into three levels (non-smoker/1-10/>10 daily cig-
arettes) using a questionnaire.

Risk factor prevalence input data

Prevalence of obesity and smoking were retrieved from the
1969-1970 (n = 45,920) and 2004-2005 (n = 56,411)
conscription cohorts. To predict distribution over obesity
status categories for future cohorts, data from each indi-
vidual year from 1969 to 2005 (n = 1.6 million) were
used. The predictions were performed with logistic
regression using year of military conscription testing as
predictor. The future prevalence was then calculated
according to the following formula:

e(oHr Pyear)
Prevalence =

where « is the intercept on the log odds scale and f is the
log odds ratio for the obesity status category, as has been
done previously [2].

Regarding smoking, individual participant data were
obtained from the Military Service Conscription Register for
the 1969—-1970 cohort. Thereafter information on smoking at
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the time of military conscription was registered and reported
by the Swedish Federation of Alcohol and Drug Awareness
[18], but not made available for register linkage for research
purposes. Therefore smoking prevalence data for 2004—
2005 were taken from the Swedish Federation of Alcohol
and Drug Awareness. “Daily smoking” was set as “>10
cigarettes/day”, and “Practically daily smoking™ and “More
seldom smoking” as “1-10 cigarettes/day”.

Simulations

The model was run for hypothetical cohorts of 50,000 men
in order to enable direct comparisons between cohorts
using several input scenarios. Firstly, the expected number
of premature deaths from 19 to 56 years was estimated for
the cohort from 2004 to 2005 and compared with the 1969—
1970 cohort. Secondly, the isolated effects of changing
trends in smoking (smoking = 2004-2005, BMI distribu-
tion = 1969-1970) or BMI distribution (smoking = 1969—
1970, BMI distribution = 2004-2005) were estimated.
Thirdly, a cohort consisting exclusively of normal weight
non-smokers was simulated. Finally, several future cohorts
were simulated under the assumption of unaltered smoking
habits since 2004-2005 but a hypothetical continuing
increase of overweight and obesity according to the prev-
alence projections.

Statistical analyses were conducted in Stata (version
10.0, College Station, Texas, USA), while the simulation
model was built in Microsoft Excel 2003 with Visual Basic
for Applications.

Results

Of 50,398 men in the cohort performing military con-
scription in 1969-1970, 45,920 met the inclusion criteria
[7]. The participant characteristics are shown in Table 1.
During 1.7 million person-years of observation (median
37.7 years) 2,897 individuals died. Overweight and obesity
compared to normal weight, and smoking compared to
non-smoking, were significantly associated with increased
risk of premature death, while underweight was not
(Table 2). The relative risks estimated by use of the para-
metric survival models employed in the simulation were
almost identical to the estimates from the semi-parametric
Cox models used in a previous study on the same cohort
(data not shown) [7]. The data followed a Weibull distri-
bution and no violations of the proportional hazards
assumption were detected when investigated graphically.

During the period from 1969-1970 to 2004-2005,
overweight almost tripled and obesity increased sevenfold
among young Swedish men, while smoking more than
halved from 59 to 23% (Table 2).

Model fit

Using the smoking and obesity prevalence in 1969-1970 as
inputs for the risk equations, the simulation model was
found to fit well to the observed data, producing only small
discrepancies in number of deaths during a time horizon of
37 years and a cohort size of 45,920 individuals, as in the
dataset (Appendix, Table Al). The model underestimated

Table 1 Baseline characteristics of the cohort performing conscription tests in 1969—-1970

Underweight Normal weight Overweight Obesity Total
n (%) 6,325 (13.8%) 36,605 (79.7%) 2,623 (5.7%) 367 (0.8%) 45,920 (100%)
Age (years) 18.7 (0.5) 18.7 (0.5) 18.7 (0.5) 18.7 (0.5) 18.7 (0.5)
Anthropometry
Height (cm) 178.6 (6.5) 178.1 (6.3) 177.7 (6.4) 177.2 (6.7) 178.1 (6.3)
Weight (kg) 56.3 (4.6) 66.7 (6.8) 84.1 (74) 101.1 (10.0) 66.6 (9.2)
BMI (kg/m?) 17.6 (0.7) 21.0 (1.6) 26.6 (1.3) 322 (2.0) 21.0 (2.6)
Smoking
Non-smoker 2,325 37%) 15,430 (42%) 1,107 (42%) 145 (40%) 19,007 (41%)
1-10 cig/day 2,286 (36%) 11,771 (32%) 711 (27%) 84 (23%) 14,852 (32%)
>10 cig/day 1,714 (27%) 9,404 (26%) 805 (31%) 138 (38%) 12,061 (26%)
Socio-economic index
White collar 2,953 (47%) 15,549 (42%) 913 (35%) 99 (27%) 19,514 (43%)
Blue collar 2,308 (37%) 13,723 (38%) 1,198 (46%) 198 (54%) 17,427 (38%)
Self-employed 842 (13%) 6,229 (17%) 448 (17%) 63 (17%) 7,582 (17%)
Other 220 (3%) 1,088 (3%) 64 2%) 7 2%) 1,379 (3%)

Data are mean (standard deviation) for continuous variables

Underweight (BMI < 18.5), normal weight (BMI 18.5-24.9), overweight (BMI 25-29.9) obesity (BMI > 30)

Missing data: socio-economic index n = 18
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Table 2 Obesity and smoking status related risks of premature death used in the model (based on cohort 1969-1970), as well as prevalence of

smoking and obesity for the cohorts 1969-1970 and 2004-2005

N Observation Deaths Hazard ratio (Clysq,)* Risk factor prevalence at baseline
time (person - - o
_years) Unadjusted Adjusted Cohort Cohort
1969-1970 2004-2005
(n = 45,920) (n = 56,411)
(%) (%)
BMI status
Underweight 6,325 228,529 400 1.04 (0.93-1.15) 1.00 (0.90-1.12) 13.8 6.1
(BMI < 18.5)
Normal weight 36,605 1,321,988 2,231 1.00 (ref) 1.00 (ref) 79.7 729
(BMI 18.5-24.9)
Overweight 2,623 94915 217 1.36 (1.18-1.56) 1.31 (1.15-1.52) 5.7 15.6
(BMI 25-29.9)
Obesity (BMI > 30) 367 13,052 49 2.24 (1.69-2.97)  2.07 (1.56-2.75) 0.8 5.5
Smoking status
Non-smokers 19,007 689,904 815 1.00 (ref) 1.00 (ref) 414 76.8
1-10 cig/day 14,852 536,358 979 1.55 (1.41-1.70) 1.54 (1.40-1.69)  32.3 15.6
>10 cig/day 12,061 432,222 1,103 2.17 (1.98-2.38)  2.12(1.93-2.32) 263 7.6

? Estimated by use of a proportional hazards regression model employing a Weibull distribution

® Models included obesity and smoking status as main predictors, and were further adjusted for household socio-economic index

Number of deaths from age 19y to 56y (n = 50,000)

4,000
3,336
3,116
4 2,679
3,000 2,490
2,085
2,000 -
1,000 4
o T T T T

Conscription Conscription Effect of Effect of Normal weight

tests 1969-70  tests 2004-05  altered obesity altered smoking non-smokers

El Underweight @ Mormal weight . Overweight . Obese

Fig. 1 Total number of expected deaths in simulated cohorts of
50,000 men during the period from age 19 to 56 years stratified by
obesity status for different scenarios. Effect of altered obesity =
smoking prevalence from 1969 to 1970, obesity prevalence from 2004
to 2005. Effect of altered smoking = smoking prevalence from 2004
to 2005, obesity prevalence from 1969 to 1970. Normal weight non-
smokers = full cohort normal weight non-smokers. Error bars
represent 95% empirical confidence intervals

the total number of deaths by 1.2% (2,861 vs. 2,897)
compared to reality.

Expected outcome for 2004-2005 and 1969-1970
cohorts

When using the model to simulate cohorts of 50,000 men
from 19 to 56 years, a total of 3,116 (Clyse, 2,941, 3,301)
deaths were expected to occur for the 1969—-1970 cohort
(Fig. 1). Despite higher prevalence of overweight and
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obesity in the 2004-2005 cohort, 14% (6, 21%) fewer
deaths were expected over the same time horizon due to
decreases in smoking.

Isolated effects of smoking and BMI trends

Keeping all other parameters constant and only altering the
BMI distribution in the 1969—1970 cohort to that of 2004—
2005 resulted in a 7% (—1, 16%) increase in the number of
expected deaths (Fig. 1, ‘Effect of altered obesity’). The
corresponding effect of only altering smoking status pat-
terns predicted 20% (15, 25%) fewer deaths (Fig. 1, ‘Effect
of altered smoking’).

Potential for preventive efforts

If all 19 year old Swedish men had been normal weight
non-smokers, and all other risk factors being similar, 33%
(28, 38%) fewer deaths would be expected until age
56 years compared with the cohort of 1969-1970 (Fig. 1,
‘Normal weight non-smokers’). Compared to the observed
cohort characteristics in 2004-2005, 22% (17, 28%) fewer
deaths would be expected.

Future mortality

For the hypothetical case of an unabated obesity trend, the
resulting number of deaths from age 19 to 56 years for
future cohorts is shown in Fig. 2. The calculations were
based on the assumption of unaltered smoking prevalence
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Fig. 2 Observed and predicted distribution over BMI categories in
Swedish military conscription cohorts (left panel). Predicted number
of deaths during the period from age 19 to 56 years (right panel,
dashed line = deaths in the 1969-70 cohort; bar charts = projected

at conscription from 2004 to 2005, but increasing over-
weight and obesity according to extrapolation of the trends
observed in the Swedish military conscription data from
1969 to 2005. It was estimated that the survival benefits
associated with the successful decrease in smoking during
the last four decades would be offset by the effect of
increasing overweight and obesity within three decades. In
2030, a young Swedish male cohort was predicted to
consist of 2.6% underweight, 48.6% normal weight, 29.7%
overweight and 19.1% obese individuals, and to experience
3,140 (2,860, 3,440) deaths from age 19 to 56 years,
compared to 3,116 (2,940, 3,300) for the lean but heavily
smoking cohort of 1969-1970 (Fig. 2).

Discussion

By employing a simulation model, we estimated the effects
of changes in obesity and smoking prevalence on pre-
mature death during the main part of productive age in
Swedish men. Male cohorts today were predicted to enjoy
reductions in premature mortality from age 19 to 56 years
compared to male cohorts born 35 years earlier, indepen-
dent of health care improvements. Despite substantial
increases in adolescent overweight and obesity the past
35 years, their effect on future premature death was pre-
dicted to be offset by health benefits from concurrent
decreases in smoking. However, approximately one-third
of the survival gains from reduced smoking was estimated
to be counteracted by the increases in overweight and
obesity.

Based on observed declining mortality, some public
health officials in Sweden have argued that either the
“alarms of an obesity bomb” are grossly exaggerated, or
that the detrimental health effects of obesity have been
counteracted by a simultaneous improvement of another

deaths in future cohorts with unaltered smoking prevalence from 2004
to 2005 but increasing prevalence of overweight and obesity
according to predicted prevalences in left panel)

risk factor [19]. The present study supports the latter.
Although obesity was modeled with an increased risk for
premature death similar to that of smoking >10 cigarettes/
day, male Swedish cohorts of today were predicted to
experience fewer premature deaths compared to a cohort
from the early 1970’s, despite a trebled and sevenfold
increased prevalence of overweight and obesity, respec-
tively. This is explained by the more than halved smoking
prevalence during the last decades, and by the fact that
the prevalence of obesity was very low to begin with. If the
obesity trend does not level off but continues along the
same trajectory as between 1969 and 2005, and smoking
prevalence remains constant, the survival benefits of the
last four decades’ successful anti-smoking campaigns were
estimated to be offset for young adults in 2030. By then
about 30% of the young men were predicted to be over-
weight, and 20% obese. However, this projection is purely
hypothetical and should be interpreted with caution, espe-
cially since three recent studies indicate that increases in
childhood obesity are levelling off in Sweden [20-22]. If
the prevalence rise of overweight and obesity will be less
steep in reality, it will take longer time to attain the pro-
jected prevalences and corresponding number of deaths
predicted by the model.

A recent study by Stewart et al. [23] investigated the
effects of extrapolated increases in obesity and decreases in
smoking, as hitherto observed in the US, on life expec-
tancy. They concluded that in the future in the US, the
negative effects on health of increasing obesity will out-
weigh the positive effects of decreasing smoking. Although
similar to the secondary analysis of the present study, a
comparison is not straightforward since different questions
were addressed.

Forecasts generated by simulation models are often
afflicted by a high degree of uncertainty, partly due to
unknown future factors and partly due to the mix of sources
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providing input data. Having all input data from one single
data source covering practically the whole Swedish male
population was an advantage of the present study.

This study also used data with a long follow-up period
and BMI measured early in life, when chronic diseases
associated with weight loss are rare, thus minimizing the
effect of reverse causation impacting the risk equations
[24]. Unfortunately, the data provided information on
obesity and smoking status only at the beginning of the
follow-up period, with no repeated measurements. Obesity
in childhood has been found to be associated with obesity
in adulthood [25, 26], but smoking continuation, cessation
or initiation could be harder to predict from smoking habits
in late adolescence. It is, however, likely that smoking
cessation during follow-up was more common in this
cohort than smoking initiation, resulting in some decline in
smoking prevalence over time [27]. If this is the case, the
association between smoking and mortality would be
somewhat underestimated. Also, this study analyzed pre-
mature mortality, defined as deaths before age 56 years.
A large proportion of deaths occur after this age, and if the
relation between the risk factors smoking and obesity in
terms of mortality risk changes with age, this could have an
impact on the results of this study. Smoking is likely to
incur increased mortality risk also in higher ages, but there
are indications that this is not always the case for over-
weight [28]. It is therefore possible that the truncation of
the analysis at age 56 years could imply an overestimation
of the obesity related deaths in relation to smoking related
deaths.

Another limitation of the present study was the
assumption that each predictor’s associated risk for death
has remained unaltered over time. A heavily smoking,
obese individual at conscription today was assumed to be

subjected to the same risk of death as in the early 1970’s.
This assumption is not totally valid as risks have changed
over time, e.g. due to more effective treatments, which
would lead to an overestimated number of deaths for
present cohorts. It is also possible that risks have changed
as the excess weight of obese individuals today may be
attributable to obesogenic environmental influences to a
greater extent. However, it is not clear how it would affect
the obesity related mortality risk whether an individual’s
obesity has its origin primarily in genetic or environmental
factors. On the other hand, the mortality in the later cohorts
could be underestimated if the observed decrease in prev-
alence of smoking is in fact due to a shift towards usage of
moist snuff (snus) rather than becoming tobacco-free [29],
although it has been suggested that health gains can still be
realized by current smokers switching to snus [30]. It is
also probable that current cohorts quit smoking at a lower
rate than older cohorts, while gaining weight at a higher
rate. Lacking longitudinal data on these parameters, we
assumed these rates to be unchanged over time.

In conclusion, despite large increases in overweight and
obesity during the last four decades, a decline in premature
deaths among Swedish males is expected due to health
gains from reduced smoking. However, approximately a
third of the survival gains from reduced smoking were
estimated to be counteracted by increases in overweight
and obesity.

Conflict of interest statement None.

Appendix

See Table 3.

Table 3 Mean number of deaths according to the simulation model during 37 years of follow-up in a hypothetical cohort of 45,920 participants
compared to observed data (n = 45,920, median follow-up = 37.7 years)

BMI/smoking status Observed deaths Estimated deaths by model (Clysq,) Difference®
Underweight (<18.5) 400 395 (359-433) -5
Normal weight (18.5-24.9) 2,231 2,205 (2,114-2,299) —26
Overweight (25-29.9) 217 213 (187-239) 4
Obese (>30) 49 48 (36-61) ~1
Total 2,897 2,861 (2,761-2,969) —-36
Non-smoker 815 804 (751-859) —11
1-10 cig/day 979 968 (910-1,032) —11
>10 cig/day 1,103 1,089 (1,030-1,151) —14
Total 2,897 2,861 (2,761-2,969) -36

# The point estimate from the simulation model minus observed number of cases
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