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Combined effects of overweight and smoking in late
adolescence on subsequent mortality: nationwide cohort
study

Martin Neovius, postdoctoral fellow1,2 Johan Sundström, associate professor3 Finn Rasmussen, professor2

ABSTRACT

Objective To investigate the combined effects on adult

mortality of overweight and smoking in late adolescence.

Design Record linkage studywith Cox proportional hazard

ratios adjusted for muscle strength, socioeconomic

position, and age.

Setting Swedish military service conscription register,

cause of death register, and census data.

Participants45920Swedishmen (meanage18.7,SD0.5)

followed for 38 years.

Main outcome measures Body mass index (underweight

(BMI <18.5), normal weight (18.5-24.9), overweight (25-

29.9), and obesity (≥30)), muscle strength, and self

reported smoking (non-smoker, light smoker (1-10

cigarettes/day), heavy smoker (>10/day)) at mandatory

military conscription tests in 1969-70. All causemortality.

Results Over 1.7 million person years, 2897 men died.

Compared with normal weight men (incidence rate 17/

10000person years, 95%confidence interval 16 to18), risk

of mortality was increased in overweight (hazard ratio 1.33,

1.15 to 1.53; incidence rate 23, 20 to 26) and obese men

(hazard ratio2.14,1.61 to2.85; incidence rate38,27 to48),

with similar relative estimates in separate analyses of

smokers and non-smokers. No increased risk was detected

in underweight men (hazard ratio 0.97, 0.86 to 1.08;

incidence rate 18, 16 to 19), though extreme underweight

(BMI <17) was associated with increased mortality (hazard

ratio 1.33, 1.07 to 1.64; incidence rate 24, 19 to 29). The

relative excess risk due to interaction between BMI and

smoking status was not significant in any stratum.

Furthermore, all estimates of interaction were of small

magnitude, except for the combination of obesity andheavy

smoking (relative excess risk 1.5, −0.7 to 3.7). Compared

with non-smokers (incidence rate 14, 13 to 15), risk was

increased in both light (hazard ratio 1.54, 1.41 to 1.70;

incidence rate15,14 to16)andheavysmokers (hazard ratio

2.11, 1.92 to 2.31; incidence rate 26, 24 to 27).

Conclusions Regardless of smoking status, overweight

and obesity in late adolescence increases the risk of adult

mortality. Obesity and overweight were as hazardous as

heavy and light smoking, respectively, but there was no

interaction between BMI and smoking status. The global

obesity epidemic and smoking among adolescents

remain important targets for intensified public health

initiatives.

INTRODUCTION

The obesity pandemic seems to affect children and
adolescents more than adults, with higher relative
increases in overweight and obesity than in adults in
several parts of the world.1 2 In middle aged adults,
obesity (bodymass index (BMI) ≥30) increases the risk
of mortality twofold to threefold compared with
people of normal weight (BMI 18.5-24.9).3-6 Whether
risk of mortality is also increased in overweight adults
(BMI 25-29.9) is debatable,6-10 with reports of both
lower6 7 and higher mortality.3 5 9 10 The conflicting
views mainly concern handling of possible confound-
ing because of smoking and reverse causation (with
low BMI potentially being caused by pre-existing
illnesses).10The common findingof excessmortality in
underweight people might be an artefact caused by
insufficient adjustment for smoking.7 11 12 Access to
data on smoking in a sufficiently large sample
unaffected by pre-existing illness would circumvent
such problems. Available studies of younger people,
however, are limited by coarse BMImodelling (obese
v non-obese),13 having few overweight participants,14

lacking data on important covariates such as smoking
and socioeconomic position,15 or analysing women
only.12

Smoking rates in adolescents remain high,16 with a
marked increase over the past decades in some
countries.17 In adults in the United States, smoking was
ranked as the behavioural risk factor resulting in themost
excessdeaths in2000, closely followedbydietandactivity
patterns, accounting for 18.1% and 16.6% of excess
deaths, respectively.18 In adolescents as well as in adults,
smoking and overweight or obesity are the two most
important modifiable risk factors for mortality in the
Western world. While smoking is already a major
problem in developing countries, obesity is becoming
one in all regions of the world except the very poorest.19

Despite that, the combined effects onmortality associated
with these two risk factors and their interaction in late
adolescence are not known.
We hypothesised that overweight and smoking in

late adolescence increase the risk of mortality and that
their effects are synergistic. Our secondary hypothesis
was that excess risk in underweight people is accounted
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for by smoking. We investigated these hypotheses
using a large nationwide cohort of men from amilitary
conscription registry.

METHODS

Sample

The study was based on nationwide military conscrip-
tion data from 49 321 Swedish men born 1949-51 who
performed mandatory military conscription tests in
1969-70. The background of the military conscription
registry data has been presented in detail elsewhere.20

Only 2-3% of all Swedish men were exempt from
conscription at this time, in most cases because of
severe handicaps or congenital disorders. The men we
included accounted for 97.7% of all conscripts in 1969-
70, with the 2.3% remaining born before 1949. Based
on the unique personal identification number assigned
to each Swedish citizen, we performed record linkage
of the conscription registry and the cause of death
registry. To be included in the current study,menwere
required to have performed their induction tests
between the ages of 16 and 20 and have recorded
data on measured weight and height and self reported
smoking habits at conscription. The age restrictionwas
used to keep the sample homogenousby age.Although
mostmen inSwedenperformtheir conscription test the
year they turn 18, some test at other ages.

Baseline examinations

We usedWHOdefined categories of bodymass index
(BMI, weight (kg)/(height (m)2): underweight (<18.5),
normal weight (18.5-24.9), overweight (25-29.9), and
obese (≥30).21

The conscription registry contains a small number of
extreme values onweight, height, andBMI,whichmight
be truevalues or represent errors inmeasurement ordata
entry. To minimise errors of random misclassifications,
we applied exclusion limits for height (≤150 or≥210 cm),
weight (≤40 or ≥150 kg), and BMI (≤15 or ≥60). We
categorised smoking status into three levels (non-smoker,
1-10 (light smoker), >10 cigarettes/day (heavy smoker))
using a questionnaire. Covariates considered were
muscle strength (leg extension, arm flexion, and hand
grip), household socioeconomic status, and age at testing.
Weretrievedparental socioeconomic status (white collar,
blue collar, self employed, other) in 1970 from the
population and housing census in 1970. We used the
highest of the maternal and paternal socioeconomic
status as household socioeconomic status. If both were
missing, we used the registered socioeconomic status of
the military conscript.

Follow-up and outcomes

Mortality data were retrieved from the national cause
of death registry until 1 September 2007. Participants

Table 1 | Baseline characteristics of study population* according to BMI†. Figures are numbers (percentage) or means (SD) for

continuous variables

Underweight Normal weight Overweight Obesity Total

No (%) in group 6325 (13.8) 36 605 (79.7) 2623 (5.7) 367 (0.8) 45 920 (100)

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 (7.4) 101.1 (10.0) 66.6 (9.2)

BMI 17.6 (0.7) 21.0 (1.6) 26.6 (1.3) 32.2 (2.0) 21.0 (2.6)

Smoking:

Non-smoker 2325 (37) 15 430 (42) 1107 (42) 145 (40) 19 007 (41)

1-10/day 2286 (36) 11 771 (32) 711 (27) 84 (23) 14 852 (32)

>10/day 1714 (27) 9404 (26) 805 (31) 138 (38) 12 061 (26)

Covariates:

Age (years) 18.7 (0.5) 18.7 (0.5) 18.7 (0.5) 18.7 (0.5) 18.7 (0.5)

Hand grip‡ 549 (85) 613 (96) 648 (107) 653 (112) 607 (98)

Arm flexion‡ 311 (57) 375 (76) 424 (88) 438 (89) 369 (79)

Leg extension‡ 459 (83) 542 (99) 601 (110) 623 (122) 535 (103)

Socioeconomic status:

White collar 2953 (47) 15 549 (42) 913 (35) 99 (27) 19 514 (43)

Blue collar 2308 (37) 13 723 (38) 1198 (46) 198 (54) 17 427 (38)

Self employed 842 (13) 6229 (17) 448 (17) 63 (17) 7582 (17)

Other 220 (3) 1088 (3) 64 (2) 7 (2) 1379 (3)

Incidence of death:

Deaths 400 2231 217 49 2897

Person years 228 529 1 321 988 94 915 13 052 1 658 485

Deaths/10 000 person years
(95% CI)

17.5
(15.8 to 19.2)

16.9
(16.2 to 17.6)

22.9
(19.8 to 25.9)

37.5
(27.0 to 48.1)

17.5
(16.8 to 18.1)

* Data missing on leg strength for 8, arm strength for 17, and socioeconomic status for 18.

†Body mass index (kg/m2): underweight <18.5, normal weight 18.5-24.9, overweight 25-29.9, obese ≥30.
‡Measured in newtons.
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who did not die during follow-upwere censored at that
time or at time of emigration.

Statistical analysis

Datawere analysedwith SAS (version 9, SAS Institute,
Cary, NC) and Stata (version 10.0, College Station,
TX). Unadjusted incidence rates (deaths/10 000 per-
son years) and Kaplan-Meier failure functions were
used to present the absolute risk of death. A Cox
proportional hazards model was used to model time to

event for estimation of relative risks of death,
unadjusted and adjusted for potential confounding
variables.22 Reference categories were normal BMI
and non-smoker.
Initially we fitted unadjusted models for BMI,

smoking, and both variables combined. These three
models were thereafter adjusted for muscle strength,
socioeconomic status, and age at testing.Multivariable
adjusted BMI models were then repeated in four
categories of smoking (non-smokers, smokers, light
smokers, and heavy smokers) and smoking models
were repeated in four categories of BMI (underweight,
normal weight, overweight, and obesity).
In our secondary analyses, we fitted an additional

model with the underweight category split into
moderate (BMI 17-18.4) and extreme underweight
(BMI<17) to detect potential differences. Also, for
comparison with previous work on adolescent
women,12 we fitted a model with BMI 18.5-21.9 as
reference to investigatewhether small increases inBMI
(22.0-24.9) were associated with excess risk.
We investigated biological interaction, as defined by

Rothman,23 between BMI and smoking status by
calculating the relative excess risk because of the
interaction (RERI) by using the methods outlined by
Andersson et al.24 In this analysis we calculated the
separate contributions to the relative risk of death from
the BMI category, smoking category, and the inter-
action between the two. In the absence of a biological
interaction between BMI and smoking status, the
relative excess risk will be 0.
Using bootstrap estimated 95% confidence intervals

obtained by re-sampling 45 000 individuals 1000
times, we compared the hazard ratios for heavy
smoking (v non-smoking) and obesity (v normal
weight) and those for light smoking (v non-smoking)
and overweight (v normal weight) in the fully adjusted
model.
Few data were missing, and Cox regressions were

based on complete case analyses.

RESULTS

Of 50 398 participants in the database, 889 had no
recorded data on smoking, while 951 had weight,
height, or BMI outside the acceptable limits. Of the
48 691 remaining participants, we excluded 2771 as

Table 2 | Deaths in smokers and non-smokers according to BMI* category

Non-smoker (n=18
990)

Smoker
(n=26 894)

Light smoker (1-10/day)
(n=14 846)

Heavy smoker (>10/day)
(n=12 048) Total (n=45 884)

Person years† 689 628 968 138 536 243 431 895 1 657 766

Deaths (total)† 806 2072 976 1096 2878

BMI category:

Underweight 96 301 138 163 397

Normal 634 1582 760 822 2216

Overweight 63 153 68 85 216

Obese 13 36 10 26 49

*Body mass index (kg/m2): underweight <18.5, normal weight 18.5-24.9, overweight 25-29.9, obese ≥30.
†Deaths and person years are for participants with data on all covariates used in Cox regressions in tables 4 and 5. Therefore numbers do not equal

those shown in table 1.
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Fig 1 | Cumulative mortality according to obesity status (underweight (BMI <18.5), normal weight

(18.5-24.9), overweight (25-29.9), obesity (≥30)) and smoking status over 38 years of

observation
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they were aged >20 at the conscription test, leaving a
final 45 920 participants for analysis. Table 1 shows
details of the participants. Tables 2 and 3 show deaths
according to BMI category and smoking.

Unadjusted survival analyses

During 1.7 million person years (median 38 years) of
follow-up,2897mendiedand1806emigrated.Figure1
shows the cumulative mortality during follow-up
according to obesity and smoking status.
The incidence of death was the lowest in normal

weightmen and highest in obesemen (table 1, fig 1). In
unadjusted models with normal weight participants as
reference, the risk of mortality was significantly higher
for overweight (hazard ratio 1.35, 95% confidence
interval 1.17 to 1.55, P<0.001) and obese (2.25, 1.70 to
2.98, P<0.001) men but not underweight men (1.04,
0.93 to 1.15, P=0.51). With non-smokers as the
reference category, there was a gradually increasing
risk from men who smoked 1-10 cigarettes/day (1.55,
1.41 to 1.70, P<0.001) to >10 cigarettes/day (2.18, 1.99
to 2.39, P<0.001) in unadjusted analyses. The absolute
risks of death were 14.2 (13.3 to 15.1), 15.2 (14.2 to
16.2), and 25.5 (24.0 to 27.0) per 10 000 person years in
non-smokers, light smokers, and heavy smokers,
respectively.

Multivariable adjusted survival analyses

The significantly increased risks in overweight and
obese men remained in our multivariable adjusted
analyses of obesity status as a predictor for mortality,
with adjustment for smoking, muscle strength, socio-
economic status, and age (table 4). The hazard ratios

changed little when we included or excluded smoking
as a covariate or analysed smokers and non-smokers
separately.Whenwe further stratified participants into
light and heavy smokers, the direction of the point
estimates for the BMI categories remained the same,
although the confidence intervalswidened.Thehazard
ratio among underweight men did not differ signifi-
cantly from that in normal weightmen in any category.
Similarly, the hazard ratios for smoking remained

unchanged before and after adjustment for BMI status
(table 5). Although the point estimates differed in
magnitude across BMI categories, all were in the same
direction and all but one were significant.

Subcategories of BMI and risk of mortality

Although being underweight (BMI <18.5) was not
associated with increased risk compared with normal
weight, further stratification showed that extremely
underweight men (BMI <17) had a significantly
increased risk of about the same magnitude (adjusted
hazard ratio 1.33, 1.07 to 1.64, P=0.009; unadjusted
1.47, 1.20 to 1.80, P<0.001) as that in overweight men
compared with the normal weight reference category.
Further stratificationof thenormalweight groupalso

showed significant graded increases from a BMI of
18.5-21.9 (reference) toBMI22-24.9 (1.15, 1.05 to1.27,
P=0.004).

Combined effects of smoking and BMI

Figure 2 shows the combined effects of smoking and
obesity status. The unadjusted mortality rate was
similar for obese non-smokers and normal weight
heavy smokers. After adjustment, the difference in

Table 4 | Relative risks of premature death estimated by Cox regression analysis* (with 95% confidence intervals) according to categories of BMI† and smoking

BMI

Total (n=45 884) Smoking status

Base model
Adjusted also for

smoking
Non-smokers
(n=18 990) Smokers (n=26 894)

Light (1-10/day)
(n=14 846)

Heavy (>10/day)
(n=12 048)

Underweight 1.00 (0.89 to 1.12),
P=0.99

0.97 (0.86 to 1.08),
P=0.56

0.94 (0.75 to 1.18),
P=0.62

0.97 (0.85 to 1.11),
P=0.69

0.91 (0.75 to 1.10),
P=0.32

1.05 (0.88 to 1.25),
P=0.61

Normal weight 1 1 1 1 1 1

Overweight 1.34 (1.16 to 1.55),
P<0.001

1.33 (1.15 to 1.53),
P<0.001

1.37 (1.05 to 1.79),
P=0.02

1.35 (1.14 to 1.60),
P<0.001

1.44, (1.11 to 1.86),
P=0.006

1.23 (0.98 to 1.54),
P=0.08

Obesity 2.22 (1.66 to 2.95),
P<0.001

2.14 (1.61 to 2.85),
P<0.001

2.16 (1.24 to 3.76),
P=0.007

2.23 (1.60 to 3.12),
P<0.001

1.83 (0.98 to 3.42),
P=0.06

2.27 (1.53 to 3.38),
P<0.001

*All models adjusted for muscular strength, socioeconomic status, and age.

†Body mass index (kg/m2): underweight <18.5, normal weight 18.5-24.9, overweight 25-29.9, obese ≥30.

Table 3 | Deaths in BMI* categories according to smoking status

Underweight
(n=6320)

Normalweight (n=36
575)

Overweight
(n=2622) Obese (n=367) Total (n=45 884)

Person years† 228 431 1 321 398 94 885 13 052 1 657 766

Deaths (total)† 397 2216 216 49 2878

Smoking category:

Non-smoker 96 634 63 13 806

Light smoker (1-10/day) 138 760 68 10 976

Heavy smoker (>10/day) 163 822 85 26 1096

*Body mass index (kg/m2): underweight <18.5, normal weight 18.5-24.9, overweight 25-29.9, obese ≥30.
†Deaths and person years are for participants with data on all covariates used in Cox regressions in tables 4 and 5. Therefore numbers do not equal

those shown in table 1.
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hazard ratios between heavy smoking (v non-smoking)
and obesity (v normal weight) was −0.02 (bootstrap
obtained 95% confidence interval −0.69 to 0.64,
P=0.96). Similarly, overweight and light smoking
were associated with similar increases in risk of
mortality with a difference in hazard ratios between
light smoking (v non-smoking) and overweight (v
normal weight) of 0.22 (−0.04 to 0.45, P=0.08).

Compared with normal weight men who did not
smoke, the hazard ratios for groups defined by BMI
and smoking statuswere large (1.31 to4.74; table6) and
highly significant (P<0.001 to P=0.02) for all but two
groups: moderately underweight non-smokers (0.92,
0.72 to 1.17, P=0.48) and extremely underweight non-
smokers (1.24, 0.81 to 1.91). Overweight and obese
heavy smokers, respectively, had hazard ratios >2
(2.55, 2.03 to 3.20, P<0.001) and close to five times
higher (4.74, 3.20 to7.03, P<0.001) thannormalweight
non-smokers.

Figure 3 shows the separate contributions to the
relative risk of death from BMI and smoking status, as
well as the interaction between the two. The relative
excess risk due to interaction between smoking and
BMI status did not reach significance in any category of
BMI. Furthermore, the point estimates were generally
small: the interaction betweenmild smoking and either
underweight, overweight, or obesity resulted in con-
tributions to the relative risk of −0.1 to 0.4, and heavy
smokingwithunderweightor overweight increased the
relative risk with 0.1 over and above what would be
expected from the two risk factors without any

interaction effect. Though not significant, however,
the combined effect of obesity and heavy smoking was
large, with a relative excess risk due to interaction of
1.5.

DISCUSSION

In this follow-upstudyofmenaged16-19atbaselinewe
found a J shaped relation between BMI and premature
death in non-smokers as well as in light and heavy
smokers. Compared with men of normal weight, we
found excess risks for overweight and obese men,
irrespective of smoking status. Although the combina-
tion of heavy smoking and obesity was associated with
a large increase in risk, we found no significant
interaction between BMI and smoking status. The
risks of mortality for underweight, overweight, and
obesity were of similar magnitude in models that
analysed smokers and non-smokers separately, as well
as in models with multivariate adjustment. The excess
risk conferred by obesity in late adolescence was of
similar magnitude as smoking >10 cigarettes/day, and

Table 5 | Relative risks of premature death estimated by Cox regression analysis* (with 95% confidence intervals) according to categories of smoking and BMI†

Smoking

Total (n=45 884) Obesity status

Base model Adjusted also for BMI Underweight (n=6320)
Normal weight (n=36

575) Overweight (n=2622) Obese (n=367)

Non-smokers 1 1 1 1 1 1

Light (1-10/day) 1.53 (1.40 to 1.68),
P<0.001

1.54 (1.41 to 1.70),
P<0.001

1.47 (1.13 to 1.91),
P=0.004

1.56 (1.40 to 1.73),
P<0.001

1.66 (1.17 to 2.35),
P=0.005

1.36 (0.60 to 3.11),
P=0.46

Heavy (>10/day) 2.11 (1.93 to 2.32),
P<0.001

2.11 (1.92 to 2.31),
P<0.001

2.36 (1.83 to 3.04),
P<0.001

2.09 (1.89 to 2.32),
P<0.001

1.85 (1.33 to 2.57),
P<0.001

2.17 (1.11 to 4.23),
P=0.02

*All models adjusted for muscular strength, socioeconomic status, and age.

†Body mass index (kg/m2): underweight <18.5, normal weight 18.5-24.9, overweight 25-29.9, obese ≥30.
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Fig 2 | Unadjusted incidence rates for mortality showing

combined effects of BMI and smoking (n=45920). Light
smoker=1-10 cigarettes/day; heavy smoker >10 cigarettes/

day

Table 6 | Adjusted* hazard ratios for mortality according to

BMI and smoking†

BMI and smoking Hazard ratio (95% CI) P value

Extreme underweight (BMI<17)

Non-smoker 1.24 (0.81 to 1.91) 0.32

Light smoker 1.80 (1.25 to 2.59) 0.002

Heavy smoker 3.09 (2.26 to 4.23) <0.001

Moderate underweight (BMI 17-18.4)

Non-smoker 0.92 (0.72 to 1.17) 0.48

Light smoker 1.31 (1.06 to 1.61) 0.01

Heavy smoker 2.00 (1.64 to 2.44) <0.001

Normal weight (BMI 18.5-24.9)

Non-smoker 1.00

Light smoker 1.56 (1.40 to 1.73) <0.001

Heavy smoker 2.10 (1.89 to 2.33) <0.001

Overweight (BMI 25-29.9)

Non-smoker 1.36 (1.05 to 1.77) 0.02

Light smoker 2.33 (1.81 to 3.00) <0.001

Heavy smoker 2.55 (2.03 to 3.20) <0.001

Obesity (BMI ≥≥30)

Non-smoker 2.14 (1.24 to 3.72) 0.01

Light smoker 2.88 (1.54 to 5.39) 0.00

Heavy smoker 4.74 (3.20 to 7.03) <0.001

*Adjusted for muscle strength, socioeconomic status, and age.

†Light smoking 1-10 cigarettes/day, heavy smoking >10 cigarettes/day.
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the risk associated with overweight was similar to that
of 1-10/day.

Absence of interaction between BMI and smoking

Most previous studies on the relation between BMI in
late adolescence and mortality have not had access to
data on smoking.13 15 25 In one study of US female
nurses based on recalled BMI at age 18, van Dam et al
found a similar relative risk of mortality across
categories of BMI in non-smokers as in the sample as
a whole, describing a linear rather than a J shaped
association.12 This might support the notion of an
absence of interaction. Our findings in Swedish men
largely agree with that study. We also explicitly
investigated potential synergistic effects between
smoking and categories of BMI and found no
significant interaction between light or heavy smoking
with either underweight or overweight. The combina-
tion of obesity and heavy smoking was associated with
a seemingly large relative excess risk because of
interaction, though it did not reach significance.

Overweight and mortality

The finding of a significantly increased risk of death
with obesity agrees with several previous studies in late
adolescence.12 13 15Regardingoverweight, the evidence
is more mixed for older adults,3-7 while few previous
studies have investigated this issue in late adolescence
formen. ForUSwomen, data based on recalledBMI at
age 18 have previously shown increased relative risks
for all causemortality in overweight women compared
with women with BMI 18.5-21.9.12 Significantly
increased risks of death for Norwegian men and
women aged 14-19 with a BMI between the 85th and
94th centile have also been reported, but no data were
available on any potential confounders.15 Our findings
constitute an extension of these previous findings. The
current study and the two previous12 15 studies indicate

adolescent overweight to be a serious health concern,
in contrast with some reports from adult samples.6-8

The higher hazard ratios found in adolescent women
might partly be caused by the different choice of
reference category (18.5-21.9 v 18.5-24.9), which
probably inflated the relative risks in the study by van
Dam et al.12 When we re-analysed our data with BMI
18.5-21.9 as reference category, the hazard ratios for
overweight increased to 1.41 (1.22 to 1.63), andwe also
found significantly increased risks in the upper rangeof
the normal weight category (BMI 22.0-24.9; 1.15, 1.05
to 1.27, P=0.004).

Underweight and mortality

Underweight has also been found to be significantly
associated with small increases in relative risk of
mortality in some357 but not all previous studies.11 12

We foundno significant increase in risk in underweight
men. A potential contributing factor to this might be
that our study was less likely to be affected by reverse
causality—that is, that a low BMI is caused by (rather
than the cause of) ill health—than studies on older
adults. Although authors often try to adjust for pre-
existing illness by excludingdeaths in the early years of
follow-up, this eliminates only those participants
progressing quite rapidly to death. As we investigated
18 year olds, the baseline risk of pre-existing illnesswas
probably much lower than among people aged 30, 40,
and 50.Our finding also agrees with that of vanDamet
al in adolescent women, based on recalled BMI.12

When we further stratified the underweight group,
however, we found a significantly increased risk of
death, similar to that seen in overweight, formenwith a
BMI <17. This indicates that, at least in this age group,
there might be a relevant threshold somewhere within
the underweight category.

Biological mechanisms

Overweight and obesity are both associated with
insulin resistance, higher blood pressure, and adverse
blood lipid profiles, providing a biological basis for our
findings.These are likely to result in a greater incidence
of type 2 diabetes and cardiovascular morbidity26 and
have also been linked to several types of cancer.27 The
biological basis for the increased risk in the extremely
underweight is less clear but might relate to greater
susceptibility to infections and generally reduced
ability to withstand or cope with illnesses.
Neither light nor heavy concurrent smoking syner-

gistically exacerbated the risks associated with under-
weight or overweight. Whether the combination of
heavy smoking and obesity has synergistic effects will
require further study as the point estimate in this study
was large but did not reach statistical significance.

Public health impact

In Sweden, overweight has tripled and obesity
quintupled in adolescent men since the baseline
measurements in this study,28 while smoking and
underweight have halved.29 30 Internationally, marked
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increases over the past decades have been observed in
overweight and obesity19 and also in smoking in
adolescence in some countries.17 Although there was
little evidence of synergistic effects, except for com-
bined heavy smoking and obesity, compared with
normal weight non-smokers the risk of mortality was
more than doubled for overweight light smokers,
tripled for obese light smokers, and close to quintupled
for obese heavy smokers. In addition, although
moderate underweight at this age did not seem to
confer any increased risk of mortality, extreme under-
weight did even after adjustment for smoking. This
indicates that the relationbetweenBMIandmortality is
not linear in adolescent men, as has been suggested for
adolescent women12 and adults.4 11 Hence it might be
important to search for explanations other than
smoking for the increased mortality in this subgroup.

Strengths and limitations

Our study was representative of adolescent men and
had a long follow-up,measured instead of self reported
height and weight, and data on smoking habits, muscle
strength, and socioeconomic status. With military
conscription being mandatory and participation
enforced by law in the period investigated, included
participants constitute close to the entire Swedishmale
population. Self reported BMI is known to be affected
by under-reporting, which increases with increasing
BMI,31-34 but as trainedpersonnelmeasured height and
weight in this study, the risks of measurement errors
were small and further reduced by the exclusion limits
we applied.
There were, however, several limitations. Firstly, we

had no data on women as military conscription was
mandatory only for men in Sweden. US data on
recalled BMI at age 18 in women, however, strongly
suggest that the associations also hold for women.12

Secondly, although BMI is a widely used proxy for
fatness, it takes neither the muscle v fat mass relation
nor the distribution of fatness into account. Some
degree of misclassification is therefore inevitable. The
access to data on muscle strength at least partly

mitigated this problem, althoughmore directmeasures
of adipositywould have been preferable, andmeasures
of fat distribution helpful.35 Thirdly,we cannot exclude
effects of residual confounding caused by unmeasured
or imperfectly measured confounders. Finally, the risk
of mortality might also be related to changes in weight
and smoking during follow-up, for which we had no
data.Regardingweight change from18years tomiddle
age, vanDamet al didnot find any substantial increases
in risk from ≥15 v<4 kg change in weight in their study
onwomen (hazard ratio 1.05, 0.84 to 1.31). The impact
of potential changes in smoking is less clear, but a
greater rate of smoking cessation than initiation might
have resulted in underestimation of the risks of
smoking.

Summary and conclusion

In summary, we found that overweight and obesity in
late adolescence is associated with premature death,
regardless of smoking status. Obesity and overweight
were as hazardous as heavy and light smoking,
respectively, and there was no interaction between
smoking and obesity status. The findings indicate that
from a mortality perspective targets for young men
should be within the non-smoking, normal weight
range, and that overweight, obesity, and smoking
among adolescents might be good targets for intensi-
fied public health initiatives.
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