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ARTICLE INFO ABSTRACT

Keywords: Purpose: We investigated time trends of the obesity-mortality association, accounting for age, sex, and cause-
Body mass index specific deaths.

Mortality

Methods: We analysed pooled nationwide data in Sweden for 3,472,310 individuals aged 17-39 years at baseline
in 1963-2016. Cox regression and flexible parametric survival models investigated BMI-mortality associations in
sub-groups of sex and baseline calendar years (men: <1975, 1975-1985, >1985 and women: <1985,
1985-1994, >1995).

Results: Comparing men with obesity vs. normal weight, all-cause and “other-cause” mortality associations
decreased over periods; HR (95% CI) 1.92 (1.83-2.01) and 1.70 (1.58-1.82) for all-cause and 1.72 (1.58-1.87)
and 1.40 (1.28-1.53) for “other-cause” mortality in <1975 and >1985, but increased for CVD mortality; HR 2.71
(2.51-2.94) and 3.91 (3.37-4.53). Higher age at death before 1975 coincided with more obesity-related deaths at
higher ages. Furthermore, the all-cause mortality association for different ages in men showed no clear differ-
ences between periods (p-interaction=0.09), suggesting no calendar effect after accounting for attained age.
Similar, but less pronounced, results were observed in women. Associations with cancer mortality showed no
clear trends in men or in women.

Conclusions: Accounting for differences in age and death causes between calendar periods when investigating
BMI-mortality time trends may avoid misinterpreting the risks associated with obesity over time.

Time trends
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Introduction

Obesity (body mass index, BMI >30 kg/m?) is a major cause of death,
[1] and was responsible for over five million deaths globally in 2019. [2]
However, the association of BMI with mortality is complex. Observa-
tional, prospective studies have established the association with
all-cause mortality to be J- or U-shaped, with the highest risks observed
for BMI in the obesity range. [3-11] Obesity has also been suggested to
be a weaker risk factor for all-cause mortality during later calendar
years, which has been speculated to be due to better treatment of other
cardiovascular disease (CVD) risk factors over time, particularly in in-
dividuals with obesity. [3,12] However, age, sex, and different causes of
death are all differently associated with BMI [6,8] but were not always
fully accounted for in previous time-trend analyses. For example, two
studies from the US and Denmark reported a decreased risk of all-cause
mortality in obesity over time but did not stratify by sex and had a large
variation in baseline age. [3,12] The BMI-mortality association is strong
in young adulthood and weakens with higher baseline age. [8,12,13] It
is possible that less influence by potential confounders in young adult-
hood, such as by smoking due to a shorter time exposed, together with
the absence of age-related comorbidities affecting weight in younger
age, contributes to a stronger BMI-mortality association in young than in
old adulthood. BMI is a stable long-term marker with small measure-
ment error and intra-individual variation over decades [5,14], further
validating the investigation of BMI in young adults on mortality.

Using data from a large, pooled cohort from Sweden, we investigated
sex-specific calendar time trends in the association between BMI and all-
cause and cause-specific mortality. We focused on BMI measured in
young adults (17-39 years of age at baseline), which allowed for further
exploration of possible causes for the observed time trends, while ac-
counting for the potential influence of age and causes of death compo-
sitions on the associations.

Methods
Study Design and Setting

We used pooled nationwide data from the Obesity and Disease
Development Sweden (ODDS) study, which consists of Swedish cohorts
and national registers with individual-level data on height and weight
[15]. Men in the Swedish Military Conscription Register [16] and women
in the Medical Birth Register (MBR) [17], made up the majority of the
study population (84 % of the overall sample). Height in the MBR was
self-reported while weight was measured at the first antenatal care visit
(around gestational weeks 8-10) for approximately 90 % of pregnant
women from 1983 onwards, before any substantial pregnancy-related
weight gain. [18] We observed a larger-than-expected increase in body
weight between 1989 and 1992 in the MBR, likely due to a change in
recording in 1992. [19,20] Therefore, women’s weight in this register
between 1982 and 1989 was adjusted by estimating annual weight gainin
the full MBR. The conscript’s data contains objective measures of height
and weight of all Swedish conscripts (aged 17-22 years) who enlisted for
mandatory military service between 1969 and 2010, or for voluntary
military service between 2011 and 2014. [16] Other included cohorts in
the study are listed in Supplementary Table S1. The Swedish Ethical
Review Authority approved the ODDS study (no: 2020-03846).

Anthropometrics

Weight and height were objectively measured for 94 % of all in-
dividuals. We calculated BMI as weight divided by height in meters
squared (kg/m?) and further categorized into WHO categories; under-
weight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight
(25.0-29.9 kg/m?), and obesity (>30 kg/m?). [21].
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End points

We used the unique identification number of residents in Sweden to
link each individual in ODDS to the Cause of Death Register, covering
virtually all deaths in Sweden. [22] From this register, we obtained in-
formation about cause-specific deaths until December 31, 2020,
including the primary underlying cause. We classified causes of death
into the three primary categories; CVD, cancer, and all other causes
combined, using the International Classification of Diseases (ICD) codes
(ICD-8 to ICD-10) as outlined in Supplementary Table S2. Post-hoc an-
alyses were also performed for deaths from specific CVDs (ischemic
heart diseases vs. all other CVDs combined), obesity-related [23] vs.
other cancers, and external mortality causes vs. all other mortality
causes combined (Supplementary Table S2).

Study population

The pooled ODDS cohort consists of 4,295,859 men and women with
7,733,901 assessments of weight at the age of >17 years. We excluded
assessments with recalled historical weight, missing height, extreme
anthropometric values, and a study entry later than the date of death,
emigration, or end of follow-up (Supplementary Fig. S1). In the remain-
ing 4,163,959 individuals, we selected the first available assessment at
baseline, giving priority to the one with smoking information if that was
available. To optimise the final participant selection, we applied Cox
regression analysis, as described in Supplementary Figs. S2 and S3, to
investigate the potential effect of baseline age and confounding by
smoking on the BMI-mortality association. [8] We found that the
BMI-mortality association changed from J- to U-shaped across age
(Supplementary Fig. S2), and the older (>40 years), but not the younger
(<40 years), population, was affected by confounding by smoking
(Supplementary Fig. S3). In younger individuals, the adjustment for
smoking and the analysis of never-smokers resulted in similar
BMI-mortality associations compared to the smoking-unadjusted anal-
ysis, which justified the final study population of younger individuals and
the focus on smoking-unadjusted analyses. The final selected study
population consisted of 3,472,310 individuals 17-39 years of age with >
5 follow-up years (Supplementary Fig. S1), to reduce the potential effect
of reverse causation. [8,24,25] The distribution of individuals in the final
study population across cohorts is available in Supplementary Table S1.

Statistical analyses

Individuals were followed up from five years after baseline
(1963-2016) to the date of death, emigration, or December 2020,
whichever occurred first. We used Cox proportional hazards regression
with attained age as the time scale and estimated hazard ratios (HR) and
95 % confidence intervals (CI) for the BMI-mortality association. We
used Cox regression to investigate the shape (using restricted cubic
splines with five knots at Harrell’s recommended percentiles [26,27])
and strength of BMI-mortality association using the WHO categories
(<18.5, 18.5-24.9, 25.0-29.9, and >30 kg/m?). All predicted BMI
splines were centred around a reference of 22.5 kg/m?. Models were
adjusted for the baseline calendar year and age, the highest attained
education level during follow-up, marital status, birth country for in-
dividuals and parents, modes of weight and height measurement, and
for having the weight measurement originating from the MBR (i.e. in
early pregnancy). Departures from the proportional hazards assumption
for covariates were assessed graphically by plotting the log-log survival
vs. analysis time (attained age), and evaluated by looking at the scaled
Schoenfeld residuals with no major violations observed. Associations
between BMI and mortality were examined using Cox regression (i.e.,
restricted cubic splines and in categories) and flexible parametric splines
(to account for the time-varrying effect of BMI in categories) over the
attained age scale. Due to strong sex differences in the association be-
tween BMI splines and WHO categories with mortality [6,8], all analyses
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were performed separately for men and women.

We performed analyses in sub-groups of calendar year at the baseline
examination (<1975, 1975-1985, >1985 in men and <1985,
1985-1994, >1995 in women) for the BMI association with mortality.
The 10-year difference in cut-points for calendar periods in men vs.
women was used because of younger ages and earlier years of baseline
examinations in men than in women. A test for interaction to compare
the estimated HR of obesity vs. normal weight across calendar periods
was calculated and obtained from the standard normal distribution ta-
bles. [28] Age-adjusted mortality rates were estimated using marginal
post-estimation predictions from Poisson regression models adjusted for
age categories (17-19, 20-29, and 30-39). [29] The HRs for the
BMI-mortality association from the Cox regression models are summary
estimates based on the event distribution over the full follow-up time. To
further investigate the observed time trends of the HR for obesity vs.
normal weight with mortality, we analysed BMI categories and their
interaction with time (attained age) using flexible parametric survival
regression models, adjusted for the above-mentioned covariates. All
statistical tests were evaluated using a significance level of 0.05, and
analyses were performed using Stata/MP version 18.0 (StataCorp LLC.,
College Station, Texas). [26].
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Results
Baseline characteristics

Among the 1,875,041 men in the study, the median baseline year
was 1985 (IQR 1976-1995), 91 % were aged 17-19 years, 74 % had
normal weight and 2 % had obesity. In 1,597,269 women, the median
baseline year was 1998 (IQR 1989-2007), 66 % were aged 20-29 years,
67 % had normal weight and 7 % had obesity. Baseline characteristics
across BMI categories are shown in Supplementary Tables S3 (men) and
S4 (women). After 96 million person-years of follow-up (median follow-
up time, 28 years [IQR 18-37]), 117,048 men and 35,988 women died.

Characteristics across calendar periods

Age at death from all causes was overall low with a median (IQR) of
56 (46—65) years in men and women combined. However, age at death
was much lower in later calendar years owing to the shorter follow-up
time; for example, 62 (53—69) years in the < 1975 calendar period vs.
38 (31—-46) years in the > 1985 period in men, and 61 (54—69) years in
< 1985 vs. 44 (39—50) years in > 1995 in women. The proportion of
underlying causes of deaths due to CVD decreased from 28 % to 13 % in
men in the < 1975 vs. > 1985 calendar period and from 17 % to 9 % in

Table 1

Characteristics at Baseline and End of Follow-up in Sub-groups of Calendar Year at Baseline Examination and in Total, in Men and Women®.
Characteristics Baseline Year Total
Men <1975 1975-1984 > 1985
Baseline examination, n 341860 542734 990447 1875041
Year 1972 (1971, 1973) 1980 (1977, 1982) 1994 (1989, 2000) 1985 (1976, 1995)
Age (years) 19 (18, 20) 18 (18, 19) 18 (18, 18) 18 (18, 19)
BMI (kg/mz) 21.3 (19.7, 23.2) 21.4 (19.9, 23.2) 21.8 (20.2, 23.8) 21.6 (20.0, 23.5)
All-cause mortality, n 58015 43079 15954 117048
Year of death 2011 (2002, 2017) 2011 (2002, 2017) 2012 (2005, 2017) 2011 (2003, 2017)
Age at death 62 (53, 69) 54 (45, 62) 38 (31, 46) 56 (45, 66)
CVD mortality, n 16169 10420 2100 28689
Year of death 2012 (2005, 2017) 2013 (2006, 2017) 2014 (2009, 2018) 2013 (2005, 2017)
Age at death 64 (57,71) 56 (50, 64) 44 (38, 49) 60 (52, 68)
% of all death causes® 28 24 13 25
Cancer mortality, n 18776 11780 2939 33495
Year of death 2012 (2005, 2017) 2013 (2007, 2017) 2014 (2008, 2018) 2013 (2006, 2017)
Age at death 64 (57, 70) 58 (51, 65) 42 (35, 49) 61 (52, 68)
% of all death causes® 32 (32, 33) 27 (27, 28) 18 (18, 19) 29 (28, 29)
Other causes, n 23070 20879 10915 54864
Year of death 2009 (1997, 2016) 2008 (1997, 2016) 2011 (2004, 2016) 2009 (1999, 2016)
Age at death 59 (47, 67) 50 (38, 58) 36 (29, 43) 50 (37, 61)
% of all death causes® 40 48 68 47
Women < 1985 1985-1994 > 1995 Total
Baseline examination, n 196375 444857 956037 1597269
Year 1983 (1982, 1984) 1989 (1987, 1993) 2006 (2000, 2011) 1998 (1989, 2007)
Age (years) 27 (24, 31) 27 (24, 31) 28 (25, 32) 28 (24, 31)
BMI (kg/mz) 21.7 (20.2, 23.6) 22.3 (20.7, 24.5) 23.2 (21.2, 26.0) 22.8 (20.9, 25.3)
All-cause mortality, n 16057 14815 5116 35988
Year of death 2013 (2005, 2017) 2013 (2007, 2017) 2016 (2012, 2018) 2013 (2007, 2017)
Age at death 61 (54, 69) 54 (47, 60) 44 (39, 50) 55 (47, 63)
CVD mortality, n 2804 1858 435 5097
Year of death 2013 (2007, 2017) 2014 (2008, 2018) 2016 (2012, 2019) 2014 (2008, 2018)
Age at death 64 (56, 74) 55 (48, 62) 46 (39, 52) 59 (51, 68)
% of all death causes® 17 13 9 14
Cancer mortality, n 8276 8252 2756 19284
Year of death 2012 (2005, 2017) 2013 (2007, 2017) 2016 (2012, 2018) 2013 (2007, 2017)
Age at death 60 (53, 67) 54 (48, 60) 45 (40, 50) 55 (48, 63)
% of all death causes® 52 56 54 54
Other causes, n 4977 4705 1925 11607
Year of death 2013 (2005, 2018) 2013 (2006, 2017) 2015 (2011, 2018) 2014 (2007, 2018)
Age at death 62 (52, 70) 52 (45, 59) 42 (36, 48) 54 (45, 63)
% of all death causes® 31 32 38 32

Abbreviations: BMI, Body Mass Index. CVD, Cardiovascular diseases. a Numbers are median (interquartile range) unless otherwise indicated. b Calculated as the
number of individuals who died from cancer, CVD, and other death causes, divided by number of death from all causes multiplied by 100, separately for calendar years

at baseline in men and women.
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women in the < 1985 vs. > 1995 calendar period, whereas the pro-
portion of deaths due to other death causes than CVD and cancer
increased from 40 % to 68 % in men and from 31 % to 38 % in women.
The median baseline age, BMI, and year of death differed very little
between calendar periods (Table 1).

Time trends of BMI and mortality

Across all calendar periods combined, associations between BMI and
mortality were J- or U-shaped for all-cause and cause-specific deaths,
with the strongest associations for BMI in the obesity range observed for
CVD mortality (Figure 1).

Time trend analyses of BMI in categories revealed that compared to
normal weight, the increased risk of all-cause mortality with obesity
decreased over time in men, HR (95 % CI); 1.92 (1.83-2.01) before
1975, and 1.70 (1.58-1.82) in 1985 and later, (p-interaction=0.001)
(Figure 2). This trend was driven by the results for mortality due to
other-causes (p-interaction=0.001). The opposite trend was observed
for CVD mortality, where mortality risk in men with obesity increased
over the calendar years (p-interaction<0.001). The association of
obesity vs. normal weight with the increased risk of cancer mortality
showed no clear trends across the calendar years (p-interaction=0.34).
Similar, but less clear, results were observed in women (Figure 3).

All-Cause Mortality

HR (95%Cl)

T T T T
25
Body mass index

20

CVD Mortality

HR (95%Cl)

Annals of Epidemiology 97 (2024) 23-32
BMI and mortality across attained age and death causes composition

We further investigated if the trends in the association of obesity and
mortality risk in men could be influenced by differences in age at death
and composition of death causes between the calendar periods. For all-
cause and other-cause mortality, higher age at death in the first calendar
period (<1975) coincided with higher HRs for obesity at higher ages (i.
e., more obesity-related deaths at higher ages) analysed for all periods
combined (Figure 4).

The opposite trend, i.e., lower HRs for obesity at higher ages (which
were more prevalent in the first vs. last calendar period) was observed
for CVD mortality. Furthermore, death causes more strongly associated
with higher BMI were CVD amongst all mortality causes (Figure 1),
ischemic heart diseases amongst CVD mortality causes, obesity-related
cancers amongst cancer mortality causes, and “other non-external cau-
ses” (such as infectious and parasitic diseases, non-malignant neo-
plasms, and endocrine, nutritional, and metabolic diseases) amongst
“other” mortality causes (Supplementary Fig. S4). Comparing the per-
centage distribution of specific death causes with HRs changing across
the attained age scale, these mortality causes were more prevalent in the
earliest calendar period and more common at an older age, at which the
highest risks for obesity vs. normal weight were observed (Figure 4).
Similar, but less clear results were observed for women (Supplementary
Fig. S5).

Cancer Mortality

HR (95%Cl)

T
25
Body mass index

20

Other Mortality Causes

HR (95%Cl)

T
25

15 20 25 30 35 40 15 20 30 35 40
Body mass index Body mass index
Total Men Women . .
Events n=3472310 n=1875041 n=1597269 AMS;_\;D/'” C"fe" AMRgt_')';/nge”
Number (%) of deaths (95% CI) (95% CI)
Cancer Mortality 52779(34.5)  33495(28.6) 19284 (53.6)  0.52(0.52,0.53)  0.55 (0.54, 0.56)
CVD Mortality 33786 (22.1) 28689 (24.5) 5097 (14.2)  0.46(0.44,0.45)  0.15 (0.14, 0.15)
Other Mortality Causes 66471 (43.5) 54864 (46.9) 11607 (32.3)  0.88 (0.87,0.89)  0.33 (0.33, 0.34)
All-cause Mortality 153036 117048 35988 1.85(1.84,1.86)  1.03 (1.02, 1.04)

Fig. 1. Hazard Ratio of All-cause and Cause-specific Mortality According to Body Mass Index in Men and Women. Hazard ratios were derived from Cox
regression models with BMI (range, 15-60 kg/m?) modelled using restricted cubic splines on attained age as time scale. Solid lines are hazard ratio point estimates,
and shaded areas indicate 95 % confidence intervals. Follow-up started five years after baseline, and estimates were adjusted for age and calendar year at baseline,
sex, birth register (yes/no), education level, marital status, mode of height and weight assessment, and birth country. CVD, Cardiovascular diseases. HR, Hazard
Ratio. PYRS, Person years. CL. Confidence Interval. * AMR, Age-adjusted Mortality Rate per 1,000 person-years.
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Event/ Calendar Year/ No. of No.of AMR per 1000
BMI Category (kg/m?) individuals deaths PYRS (95%Cl) HR (95% CI) P-value
All-Cause, <1975 }

<18.5 51351 6662 3.74 (3.65, 3.83) ‘e 1.05(1.02, 1.07)  0.001

18.5-24.9 250319 38926 3.58 (3.55, 3.62) b 1.00 (Ref)

25.0-29.9 35695 10686 4.67 (4.57,4.76) L. 1.24 (1.21,1.27) <0.001

230 4495 1741 6.85 (6.583, 7.17) L 1.92 (1.83,2.01) <0.001
All-Cause, 1975-1984

<185 68095 4373 2.07 (2.00, 2.13) ‘. 1.07 (1.03, 1.10)  <0.001

18.5-24.9 409186 28832 1.90 (1.87, 1.92) . 1.00 (Ref)

25.0-29.9 56287 8040 2.50 (2.44, 2.56) L. 1.24 (1.21,1.28) <0.001

230 9166 1834 3.94 (3.76, 4.12) L 1.96 (1.87,2.05) <0.001
All-Cause, 21985

<18.5 100780 1677  0.70 (0.66, 0.73) ™ 1.07 (1.02,1.13)  0.01

18.5-24.9 728623 10897 0.62 (0.61, 0.63) . 1.00 (Ref)

25.0-29.9 128400 2471  0.75(0.72, 0.78) Ll 1.16 (1.11, 1.21)  <0.001

=230 32644 909 1.15 (1.07, 1.22) : td 1.70 (1.58, 1.82) <0.001
Cancer Causes, <1975

<18.5 51351 1993  1.19(1.14, 1.25) " 1.02 (0.95, 1.05) 0.94

18.5-24.9 250319 12912 1.20 (1.18, 1.22) H 1.00 (Ref)

25.0-29.9 35695 3406  1.40 (1.36, 1.45) - o 1.13(1.09, 1.18)  <0.001

=30 4495 465 1.75 (1.59, 1.91) 1.50 (1.37, 1.65) <0.001
Cancer Causes, 1975-1984 :

<185 68095 1008  0.53 (0.50, 0.57) 4 0.97 (0.91,1.04)  0.45

18.5-24.9 409186 8039 0.54 (0.53, 0.55) i 1.00 (Ref)

25.0-29.9 56287 2306 0.63 (0.60, 0.66) - . 1.12(1.07, 1.18)  <0.001

230 9166 427  0.82(0.74, 0.90) 1.55(1.40, 1.71)  <0.001
Cancer Causes, 21985 :

<18.5 100780 287 0.12 (0.11, 0.14) '—"‘ 1.01 (0.89, 1.14) 0.92

18.5-24.9 728623 2075  0.12(0.11, 0.12) . 1.00 (Ref)

25.0-29.9 128400 432 0.12(0.11,0.13) A e 1.08(0.98,1.21)  0.12

230 32644 145 0.17 (0.14, 0.20) 1.65 (1.39, 1.96)  <0.001
CVD Causes, <1975 :

<18.5 51351 1473  0.87 (0.83,0.92) ol 0.91(0.86,0.96)  0.001

18.5-24.9 250319 10316  0.96 (0.94, 0.98) . 1.00 (Ref)

25.0-29.9 35695 3701 1.63 (1.48, 1.58) - 1.53 (1.47,1.59) <0.001

230 4495 679  2.56 (2.36, 2.75) : L 2.71(2.51,2.94) <0.001
CVD Causes, 1975-1984 §

<18.5 68095 789 0.40 (0.37, 0.42) m 0.90 (0.83,0.97) 0.004

18.5-24.9 409186 6446  0.43 (0.42, 0.44) . 1.00 (Ref)

25.0-29.9 56287 2511 0.73 (0.70, 0.76) L 1.61 (1.53, 1.69) <0.001

230 9166 674 1.14 (1.26, 1.47) : g 3.05 (2.81, 3.31) <0.001
CVD Causes, 21985 :

<18.5 100780 156 0.07 (0.06, 0.08) Hj—c 0.90 (0.76, 1.07) 0.23

18.5-24.9 728623 1243  0.07 (0.07, 0.08) . 1.00 (Ref)

25.0-29.9 128400 483  0.13(0.12, 0.15) aal 1.96 (1.76,2.18)  <0.001

=30 32644 218 0.26 (0.22, 0.29) i 3.91(3.37,4.53) <0.001
Other Causes, <1975

<18.5 51351 3196  1.64 (1.58, 1.70) -~ 1.16 (1.11,1.2)  <0.001

18.5-24.9 250319 16698 1.43 (1.41, 1.45) u 1.00 (Ref)

25.0-29.9 35695 3579 1.72(1.66, 1.78) L. 1.12(1.08, 1.17) <0.001

230 4495 597 2.53 (2.35, 2.73) e 1.72 (1.58, 1.87) <0.001
Other Causes, 1975-1984

<18.5 68095 2576  1.11(1.07, 1.16) L 1.17 (1.12,1.22)  <0.001

18.5-24.9 409186 14347 0.93 (0.91, 0.94) 5 1.00 (Ref)

25.0-29.9 56287 3223 1.14(1.10, 1.18) i . 1.14 (1.09, 1.18) <0.001

>30 9166 733 1.74 (1.61, 1.87) : el 1.69 (1.57,1.82) <0.001
Other Causes, 21985

<18.5 100780 1234 0.50 (0.47, 0.53) e 1.11 (1.05, 1.18) <0.001

18.5-24.9 728623 7579  0.43(0.42,0.44) . 1.00 (Ref)

25.0-29.9 128400 1556  0.49 (0.47, 0.52) o 1.05(0.99, 1.11) 0.09

230 32644 546  0.71(0.65, 0.77) ; tel 11.40 (1.28, 1.53)  <0.001

0.5 1 2 4 8
HR (95% Cl)

Fig. 2. Hazard Ratio of All-cause and Cause-specific Mortality in Men According to Body Mass Index Categories, in Sub-groups of Baseline Calendar Year.
Abbreviations: AMR, Age-adjusted Mortality Rate per 1,000 person-years of follow-up. BMI, Body Mass Index. HR, Hazard Ratio. PYRS, Person Years. CI, Confidence
Interval. Hazard ratios were derived from Cox regression models with BMI modelled in WHO categories on attained age time scale. Individuals were followed from
five years after baseline until death, emigration, or end of follow-up, whichever occurred first. Hazard ratios adjusted for the age and calendar year at baseline
examination, education level, marital status, modes of height and weight measurement, and birth country. P-interaction to compare the estimated HR were calculated
and obtained from the standard normal distribution [28]. For all-cause, cancer, CVD, and other-causes mortality, p-interaction= 0.01, 0.34, < 0.001, and 0.001,
respectively, for the HR of obesity vs. normal weight in < 1975 vs. > 1985 calendar periods.
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Event/ Calendar Year/ No. of No.of AMR per 1000
BMI Category (kg/m?) individuals deaths  PYRS (95%Cl) HR (95% CI) P-value
All-Cause, <1985

<18.5 19529 1618  2.38 (2.26, 2.49) . 1.12 (1.06, 1.18) <0.001

18.5-24.9 147980 11280 2.04 (2.00, 2.07) 1.00 (Ref)

25.0-29.9 24207 2467 267 (2.57,2.78) .l 1.25(1.20, 1.31)  <0.001

230 4659 692 3.79 (3.51, 4.07) gl 1.78 (1.65, 1.93)  <0.001
All-Cause, 1985-1994

<18.5 28603 997 1.22 (1.14, 1.30) o 1.21(1.14,1.29) <0.001

18.5-24.9 321959 9905 1.00 (0.98, 1.02) 1.00 (Ref)

25.0-29.9 75732 2907  1.24(1.20, 1.29) . 1.20 (1.15, 1.25)  <0.001

230 18563 1006 1.79 (1.68, 1.90) ol 1.73 (1.62, 1.84) <0.001
All-Cause, 21995

<18.5 47801 224 0.33 (0.29, 0.38) " 1.05 (0.92, 1.20) 0.48

18.5-24.9 599442 2943  0.32(0.31,0.34) A 1.00 (Ref)

25.0-29.9 217026 1261 0.39 (0.37,0.41) Ched 1.14 (1.07, 1.22) <0.001

230 91768 688 0.53 (0.49, 0.57) e 1.53 (1.41, 1.66)  <0.001
Cancer Causes, <1985

<18.5 19529 850 1.25(1.17, 1.33) vt 1.11(1.03, 1.19) 0.04

18.5-24.9 147980 5984 1.08 (1.05, 1.11) : 1.00 (Ref)

25.0-29.9 24207 1172 1.27 (1.20, 1.34) e 1.15(1.08, 1.22) <0.001

230 4659 270 1.48 (1.30, 1.66) ;e 1.32(1.17,1.50) <0.001
Cancer Causes, 1985-1994 :

<18.5 28603 503 0.63 (0.57, 0.68) ol 1.09 (0.99, 1.19) 0.07

18.5-24.9 321959 5763  0.58 (0.57, 0.60) 1.00 (Ref)

25.0-29.9 75732 1593  0.68 (0.65, 0.71) Crel 1.16 (1.09, 1.22) <0.001

230 18563 403 0.71 (0.64, 0.78) P e 1.23(1.11, 1.36) <0.001
Cancer Causes, 21995

<18.5 47801 88 0.13 (0.10, 0.16) 0.74 (0.59, 0.92) 0.01

18.5-24.9 599442 1698  0.19(0.18, 0.20) 1.00 (Ref)

25.0-29.9 217026 689 0.21(0.19, 0.23) re- 1.10 (1.01, 1.20) 0.03

230 91768 286 0.22 (0.19, 0.24) o 1.17 (1.03, 1.33) 0.02
CVD Causes, <1985 :

<18.5 19529 251 0.38 (0.33, 0.43) ._._' 1.09 (0.95, 1.24) 0.23

18.5-24.9 147980 1860  0.34 (0.32, 0.35) i 1.00 (Ref)

25.0-29.9 24207 517 0.56 (0.51, 0.60) e 1.56 (1.41,1.72) <0.001

230 4659 176 0.94 (0.80, 1.08) 2.77 (2.37,3.24) <0.001
CVD Causes, 1985-1994

<18.5 28603 114 0.14 (0.12, 0.17) —e—i 1.25(1.03, 1.52) 0.02

18.5-24.9 321959 1086  0.11(0.10, 0.12) 1.00 (Ref)

25.0-29.9 75732 428 0.18 (0.17, 0.20) e 1.57 (1.40, 1.76)  <0.001

230 18563 230 0.41(0.35, 0.46) 3.43(2.97,3.96) <0.001
CVD Causes, 21995

<18.5 47801 24 0.04 (0.02, 0.05) —_—— 1.75 (1.14, 2.69) 0.01

18.5-24.9 599442 188 0.02 (0.02, 0.02) 1.00 (Ref)

25.0-29.9 217026 121 0.04 (0.03, 0.04) —— 1.64 (1.31,2.07) <0.001

230 91768 102 0.08 (0.06, 0.09) 3.28 (2.57,4.19) <0.001
Other Causes, <1985 :

<18.5 19529 517 0.75 (0.68, 0.81) ot 1.16 (1.06, 1.27)  0.002

18.5-24.9 147980 3436  0.62(0.60, 0.64) ; 1.00 (Ref)

25.0-29.9 24207 778 0.85 (0.79, 0.90) o4 1.27 (1.17,1.37)  <0.001

230 4659 246 1.36 (1.19, 1.53) e 2.05(1.80, 2.33) <0.001
Other Causes, 1985-1994

<18.5 28603 380 0.45 (0.40, 0.49) e 1.41 (1.27,1.57) <0.001

18.5-24.9 321959 3066  0.31(0.30,0.32) 1.00 (Ref)

25.0-29.9 75732 886 0.38 (0.36, 0.40) ros 1.16 (1.08, 1.25) <0.001

230 18563 373 0.67 (0.6, 0.74) i 1.99 (1.79, 2.22) <0.001
Other Causes, 21995

<18.5 47801 117 0.16 (0.13, 0.19) —e—i 1.35(1.12,1.64)  0.002

18.5-24.9 599442 1057  0.12(0.11,0.12) : 1.00 (Ref)

25.0-29.9 217026 451 0.14 (0.13, 0.15) et 1.13 (1.01, 1.26) 0.04

230 91768 300 0.23 (0.21, 0.26) '_H , 1.76 (1.54,2.00) <0.001

05 1 2 4 8

HR (95% CI)

Fig. 3. Hazard Ratio of All-cause and Cause-specific Mortality in Women According to Body Mass Index Categories in Sub-groups of Calendar Year at
Baseline Examination. Abbreviations: AMR, Age-adjusted Mortality Rate per 1,000 person-years of follow-up. BMI, Body Mass Index. HR, Hazard Ratio. PYRS,
Person Years. CI, Confidence Interval. Hazard ratios were derived from Cox regression models with BMI modelled in WHO categories on attained age time scale.
Individuals were followed from five years after baseline until death, emigration, or end of follow-up, whichever occurred first. Hazard ratios adjusted for the age and
calendar year at baseline examination, birth register (Yes’ for women in the Medical Birth Register and ‘No’ if otherwise), education level, marital status, modes of
height and weight measurement, and birth country. P-interaction to compare the estimated HR were calculated and obtained from the standard normal distribution
[28]. For all-cause, cancer, CVD, and other-causes mortality, p-interaction= 0.01, 0.18, 0.25, and 0.10, respectively, for the HR of obesity vs. normal weight in
< 1985 vs. > 1995 calendar periods.
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Fig. 4. Hazard Ratio (left y-axis), and proportion of specific death causes (right y-axis) in Men, for All-cause, Cardiovascular Disease, Cancer, and Other
Mortality Causes in Obesity vs. Normal Weight Across Attained Age. Abbreviations: HR, Hazard Ratio. CI, Confidence Interval, CVD, Cardiovascular Disease.
Obesity-related Cancers refer to incident cancers with sufficient evidence of an association with obesity [23]. External causes refer to death from external morbidity
and mortality causes such as accidents and injuries. Hazard ratios were derived from flexible parametric survival regression models with BMI modelled in categories
as a function of time (time-changing covariate) on attained age as time scale. Vertical dashed lines show the median age at death for the earliest (before 1975) and
later (1985 onwards) calendar years for all-cause and cause-specific mortality. The secondary y-axis (right-hand side of the plots) is the percentage of specific death
causes from the respective death cause at attained age categories (i.e., <30, then every 5 years, and >85). Individuals were followed from five years after baseline
until death, emigration, or end of follow-up, whichever occurred first. Hazard ratios adjusted for the age and calendar year at baseline examination, education level,

marital status, modes of height and weight measurement, and birth country.

A time-trend of the BMI association with all-cause mortality
(Figure 2) independent of attained age should reveal an overall stronger
association between obesity and mortality across attained age in the first
vs. the last calendar period. However, an additional post hoc analysis in
men revealed no consistent differences between calendar periods in the
HRs of all-cause mortality for obesity vs. normal weight across attained
age (p for interaction=0.09, Figure 5), suggesting that the observed
time-trends for obesity on mortality were essentially due to variations in
compositions of death causes and attained ages. Similar analyses of
other-causes mortality in men, and analyses in women, lacked statistical
power and were not meaningful for interpretation.

Discussion

In this large, pooled study, we investigated BMI-mortality time
trends among young adults in Sweden for baseline periods ranging from
<1975 to > 1985 in men and < 1985 to > 1995 in women. We
observed that the obesity-associated risk for all-cause and other-causes
mortality decreased over time but increased for CVD mortality, most
clearly in men, but also in women. Further analyses in men showed that
the investigated calendar periods differed by age at death and the dis-
tribution of main death causes, which were differently associated with
BMIL. Also, obesity-related risk of all-cause mortality for different ages

29

showed no consistent differences between calendar periods. Altogether,
these findings indicate that the observed time trends of obesity with
mortality are likely explained by methodological artefacts influenced by
different ages at death and compositions of death causes between the
analysed periods.

Relative to normal weight, the mortality risk associated with obesity
is reported to be lower in later calendar years [3,12] while the optimal
BMI (i.e., the BMI associated with the lowest mortality risk) [3,11,13,
30] has increased across decades ranging from the 1970s to the early
2000s. One interpretation of these findings has been that improved
treatment of CVD risk factors over time may have benefitted individuals
with obesity relatively more, hence, reducing the mortality risks asso-
ciated with obesity over time. [3,12] This notion does not hold in our
study, as obesity was a stronger risk factor for CVD mortality over time.
The differences between our findings and previous investigations con-
cerning CVD mortality are likely explained by differences in important
characteristics such as age, sex, and variations in the distribution of
baseline calendar periods, follow-up time, age at death, and death
causes. [3,8,25] For instance, whilst individuals in the last calendar
period in our study were younger at the age of death compared to those
in the first calendar period, individuals in the Danish study instead were
slightly older at baseline overall and in the last calendar period. [3] This,
together with implicitly different proportions of CVD mortality causes
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Fig. 5. Hazard Ratio of All-cause Mortality for Obesity vs. Normal Weight
among Men in Sub-groups of Baseline Calendar Year. Abbreviations: HR,
Hazard Ratio. CI, Confidence Interval. Hazard ratios were derived from flexible
parametric survival regression models with BMI modelled in categories as a
function of time (time-changing covariate) separately for each calendar year on
attained age as time scale. Vertical dashed lines show the median age at death
for the earliest (62 years before 1975) and later (38 years in 1985 onwards)
calendar years for all-cause mortality. Individuals were followed from five years
after baseline until death, emigration, or end of follow-up, whichever occurred
first. The p-value for interaction between obesity vs. normal weight (BMI as a
time-changing covariate) and calendar year categories was estimated using a
Wald test from the flexible parametric survival model. Hazard ratios adjusted
for the age and continuous calendar year at baseline examination, education
level, marital status, modes of height and weight measurement, and
birth country.

between our young population and other epidemiological studies, is
likely to have contributed to the contrasting time trends. Yet, two studies
in Denmark and the US observed similar time trend patterns for all-cause
mortality. [3,12] These findings in our study were not driven by CVD
mortality, which was less common in our young population, but by the
trends of other-causes mortality.

Studies focusing on the change of optimal BMI did identify the effect
of follow-up time as important on BMI-mortality time trends. Two
studies observed that the optimal BMI increased in later cohorts, but
these cohorts also had a shorter length of follow-up, and the time-trend
effect was almost diminished when fixing follow-up time across the
cohorts. [11,13,25] The authors speculated that prevalent disease at
baseline and a more accurate, i.e., not changed over time, measure of
BMI, might be the reason for a stronger association of BMI with mor-
tality for shorter follow-up time. [25] The observed effects may indeed
be attributed to the time since baseline as investigated in these studies,
but they may also depend on the age at death and the specific death
causes, which inherently are correlated with follow-up time. It is
established that the BMI association with all-cause mortality is affected
by sex, age at death, and death cause compositions. [8] When restricting
the baseline age to < 40 years, analysing men and women separately, we
found a decreased risk of all-cause and other-causes mortality in obesity
at higher ages, but a decreased risk for CVD mortality. Further in-
vestigations in men showed that the observed time trends were largely
explained by large differences in age at death across calendar periods,
and the fact that CVD mortality, which was most strongly associated
with obesity, was a less common death cause in later calendar periods
due to lower age of death. All together, these results show that obesity
has remained a strong mortality risk factor over time, including for
cardiovascular mortality.

Potential limitations of this study are the lack of adjustment for
smoking habits and not accounting for obesity-related comorbidities.
[31] However, smoking-adjusted analyses and analyses of
never-smokers in a subpopulation with this information available

30

Annals of Epidemiology 97 (2024) 23-32

showed only minimal differences in the association with BMI as
compared to the smoking-unadjusted analysis. Furthermore,
obesity-related comorbidities are rare in young adults. [32] Despite
adjustments made, there could still be residual confounding by factors
not fully accounted for or measured, such as parity in women, dietary
patterns, physical activity, and other lifestyle factors that can influence
both obesity and mortality. BMI does not distinguish between lean body
mass and fat mass, whose composition changes with age, even within the
baseline age of our study population. [33] However, BMI has shown
stronger correlations with both body fatness and cardiometabolic risk
markers, such as serum insulin levels, in younger than in older adults
[33] further supporting the relevance of our study. Nevertheless, the low
prevalence of obesity in our young, historical study population (i.e., 2 %
in men and 7 % in women) limits statistical power to detect time trends
over calendar periods. Furthermore, the young average age at death of
56 years in our study is not representative of life expectancy in Sweden.
[34] When younger individuals die, the causes are less likely
obesity-related (or less CVD-related, due to its strong association with
obesity) than in older individuals. However, due to the large population
size and long follow-up, sufficient numbers of deaths in older age were
included to allow modelling risks also across higher attained age in the
population. Although the autopsy rates have declined in Sweden,
potentially leading to higher misclassification of deaths over time, the
agreement between the causes of death from death certificates and those
on patient case summaries is high, especially up to middle age (e.g. 91 %
agreement at 45-64 years). [22]

A major strength of this study is that it constitutes a large young adult
population (<40 years) with long follow-up (median of 28 years),
enabling to study men and women and cause-specific mortality sepa-
rately. Despite this, the calendar periods investigated differed in terms of
follow-up time and age of death, and, inherently, by major death causes.
While we have provided plausible explanations for our findings of BMI-
mortality time trends, the ideal would have been a direct comparison of
three populations differing only in terms of the investigated calendar
periods, which has yet to be done in future, and even larger, studies.

Conclusions

In this young Swedish population, a higher all-cause and other-
causes mortality risk for obesity vs. normal weight decreased slightly
across baseline calendar periods but increased for CVD mortality. Our
findings indicate that the observed time trends of obesity with mortality
could be explained by methodological artefacts arising from different
age distributions during follow-up, leading to different compositions of
death causes between the analysed periods. This underscores the
importance of accounting for differences in age at death and cause of
death when investigating BMI-mortality time trends, which will avoid
misinterpretation of the obesity association with mortality risk over
time.
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