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Abstract

Background: Elevated childhood body mass index (BMI), commonly examined as a “once-only” value, increases the risk of cancer
and type 2 diabetes (T2D) in adulthood. Continuous exposure to adiposity during childhood may further increase cancer risk. We
examined whether longitudinal childhood BMI trajectories were associated with adult obesity-related cancer and the role of adult-
onset T2D in these associations.
Methods: Five sex-specific latent class BMI trajectories were generated for 301 927 children (149 325 girls) aged 6-15 years from the
Copenhagen School Health Records Register. Information on obesity-related cancers and T2D was obtained from national health
registers. Incidence rate ratios (IRR), cumulative incidences, and confidence intervals (CI) were estimated using Poisson regressions.
Results: Compared with the average childhood BMI trajectory (containing approximately 40% of individuals), the rate of obesity-
related cancer (excluding breast cancer) increased with higher childhood BMI trajectories among women. The highest rates occurred
in the overweight (IRR¼ 1.27, 95% CI ¼ 1.17 to 1.38) and obesity (IRR¼ 1.79, 95% CI ¼ 1.53 to 2.08) BMI trajectories. Similar patterns
were observed among men. In contrast, women with the obesity childhood BMI trajectory had the lowest rate of pre- and postmeno-
pausal breast cancer (IRR¼ 0.59, 95% CI ¼ 0.43 to 0.80, and IRR¼ 0.41, 95% CI ¼ 0.30 to 0.57, respectively). For all trajectories, the cumu-
lative risk of obesity-related cancer increased with adult-onset T2D.
Conclusion: Consistent childhood overweight or obesity may increase the rates of adult obesity-related cancer and decrease the
rates of breast cancer. Adult-onset T2D conferred additional risk for obesity-related cancer, but the effect did not differ across child-
hood BMI trajectories.

Excess adult weight, commonly approximated by body mass
index (BMI), is associated with increased risks of 13 obesity-

related adult cancers (postmenopausal breast, colon and rectum,
corpus uteri, esophagus, gallbladder, gastric cardia, kidney, liver,

meningioma, multiple myeloma, ovary, pancreas, and thyroid) as
identified by the International Agency for Research on Cancer (1).

Risks of several of these cancers may be enhanced by type 2 dia-
betes (T2D) (2-5), potentially independent of adult BMI (6). A limi-

tation of data underpinning the relationship between BMI and
cancer, however, has been the use of “once-only” BMI values (7)

that are snapshots of BMI and do not capture its development
across time.

The cumulative exposure to excess adiposity beginning in

childhood is relevant for subsequent cancer risk (8).
Mathematical modeling suggests that it takes decades from an
initial stem cell mutation to the clinical manifestation of a can-

cer (9). As shown by us and others, a high BMI at single child-
hood ages is associated with increased risks of numerous adult

cancer forms (10-12). Further supporting the role of child BMI in

cancer risk, correlations between child and adult BMI at ages
when cancer is often diagnosed are low (13,14). However, relat-

ing trajectories of BMI development during childhood to adult
cancer may capture BMI patterns that more accurately identify

later cancer risk. Apart from 1 study, which examined associa-
tions between childhood BMI trajectories and cancer mortality

(15), other studies examined noncancer outcomes (16,17) or
used recalled child body size only at 2 ages (18-20).

Furthermore, although a high BMI in childhood is associated
with T2D (21), no studies have investigated the possible influ-

ence of T2D on the associations between childhood BMI trajec-
tories and cancer risk.

As 1 in 4 obesity-related cancers can be ascribed to high adult

BMI levels (22), and an estimated 337 million children and adoles-
cents worldwide have overweight or obesity (23), identifying early
indicators of risk is essential to reduce the future cancer burden.

We investigated whether longitudinal childhood BMI trajectories
are associated with obesity-related cancer in adulthood and the

role of adult-onset T2D in these associations.
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Methods
Cohort
The study was based on data from the Copenhagen School
Health Records Register that include 406 350 children (200 978
girls) born from 1930 to 1996 and who attended public or private
schools in Copenhagen (24). From ages 6 to 15 years, children
were weighed (without shoes and naked or wearing light clothing,
to the nearest 100 g) and height was measured (to the nearest
0.5 cm) by school health doctors or nurses (25). Over time, the fre-
quency of the examinations changed from being performed
annually to being performed primarily at school entry and exit
(24). A unique government-issued identification number, indicat-
ing the date of birth and sex of the individual, was assigned to all
individuals alive and living in Denmark on April 2, 1968, or born
thereafter. It was recorded in the health record or retrieved for
children who finished school before this date (24).

Latent class trajectory modeling
Latent class trajectory models were used to identify sex-specific
homogeneous BMI growth patterns during childhood from repeated
continuous BMI values (26-28). After examining the proportion of
individuals in each trajectory, Bayesian Information Criterion, aver-
age posterior probability, relative entropy, odds of correct classifica-
tion, and graphs of the trajectories (26), a model without random
effects and 5 trajectories were identified as optimal (Supplementary
Methods, Supplementary Table 1, available online).

Case definitions
Individuals in the Copenhagen School Health Records Register
were linked via identification numbers with national health regis-
ters to obtain information on vital status, cancer, and T2D. Using
the Danish Cancer Registry (29), obesity-related cancers (postme-
nopausal breast, colon and rectum, corpus uteri, esophagus, gall-
bladder, gastric cardia, kidney, liver, meningioma, multiple
myeloma, ovary, pancreas, thyroid) (7) were identified using the
International Classification of Diseases codes version 10 (ICD-10).
Analyses were restricted to cancers diagnosed in individuals aged
30 years or older. As it is established that adiposity in girls is inver-
sely associated with breast cancer (10,30), it was examined sepa-
rately. Breast cancer was defined as premenopausal (younger than
55 years) or postmenopausal (55 years or older) as most women
have entered menopause by this age. T2D was identified through
several national health registers (Supplementary Table 2, available
online). Only diagnoses at age 30 years or older were considered as
T2D to avoid misclassification of type 1 diabetes.

Study population
From a recoding project, ICD-10 codes were available in the Danish
Cancer Registry from January 1, 1978 onwards. Individuals included
in the study were followed from this date or age 30 years until a
diagnosis of cancer (except nonmelanoma skin cancer), type 1 dia-
betes, emigration, death, loss to follow-up, or December 31, 2018
(date of latest available data), whichever came first. Thus, to be eli-
gible for the study, individuals were required to be born between
1930 and 1988 (n¼ 369 971) and have an identification number
(n¼ 327 130, 88.4%) (Supplementary Figure 1, available online).
Exclusions were made for individuals who died (n¼ 4029, 1.2%),
emigrated (n¼ 8036, 2.5%), or disappeared (n¼ 22, 0.01%) before the
start of follow-up. We further excluded individuals diagnosed with
diabetes at ages younger than 30 years (n¼ 946), cancer before 1978
(n¼ 758), or aged younger than 30 years (n¼ 909), or with less than 2
BMI values available (n¼ 10 503). The analytic study population

included 301 927 individuals (149 325 women, 49.5%). The study was
approved by the Danish Data Protection Agency (2007-58-0015).
According to Danish law, informed consent is not required for
purely register-based research of preexisting data.

Statistical analyses
For the descriptive statistics, children were assigned to the trajec-
tory with the highest posterior probability (modal assignment),
and the median and interquartile range are presented by child-
hood BMI trajectory. The trajectories were plotted and compared
with the US Centers for Disease Control and Prevention (CDC)
2000 age- and sex-specific BMI reference (see Figure 1) (31).

Primary outcomes were obesity-related cancer and pre- and
postmenopausal breast cancer. Secondary outcomes were spe-
cific obesity-related cancer forms. Sex-specific incidence rate
ratios (IRR) were estimated using multivariable Poisson regres-
sions. In these analyses, the posterior probabilities assigned to
each trajectory (rather than modal assignment) were used as the
exposures to account for potential misclassification. The inter-
pretation of the posterior probability estimates is similar to
belonging to a class with complete certainty (posterior proba-
bility¼ 100%). Log-risk time was the offset, and the timescale
(age in 1-year intervals) and year of birth were included as covari-
ates. Because of nonlinearity, age and year of birth were modeled
as cubic splines with 3 knots. Using the likelihood ratio test, inter-
actions were tested between child BMI trajectories and birth
cohort and T2D (included as a time-varying covariate), respec-
tively. Post hoc sensitivity analyses were conducted adjusting
child BMI trajectories for height at 7 years (early childhood height
is strongly correlated with adult height) (32). For comparison pur-
pose, associations only with height are presented in supplemen-
tary material (Supplementary Table 3, available online). Post hoc
sensitivity analyses were conducted for early and late-onset obe-
sity-related cancers (younger than 50 years or 50 years and older
at diagnosis) and for breast cancer by defining menopausal status
at ages younger than 50 years as premenopausal and 50 years
and older as postmenopausal.

Sex-specific 10-year cumulative risks of obesity-related cancer
were estimated at ages 55 and 65 years as this is when most of
these cancers occur. They were calculated for individuals with
and without T2D using the conditional survival function (33),
which accounts for the competing risk of death (34). The 95%
confidence intervals (CI) for the estimated cumulative risks were
simulated using the bootstrap method with 1000 repetitions.

Statistical analyses were performed using STATA version 16
(35) and R version 3.6.1 (36). Two-sided confidence intervals and P
values were calculated, and a priori the level of significance was
set at 5%.

Results
Of the 5 childhood BMI trajectories, most children had the aver-
age trajectory and the fewest had the obesity trajectory (Figure 1,
Table 1). The trajectories approximated the curves from the CDC
BMI reference. During 8.1 million person-years of observation,
7285 women and 7261 men developed obesity-related cancer of
which 846 and 634 cases were diagnosed at ages younger than
50 years, respectively (Table 2). Among women, 3812 premeno-
pausal and 6406 postmenopausal breast cancers were diagnosed.

Compared with women with the average childhood BMI trajec-
tory (referent), women with the above average (IRR¼ 1.08, 95% CI
¼ 1.02 to 1.15), overweight (IRR¼ 1.27, 95% CI ¼ 1.17 to 1.38), or
obesity (IRR¼ 1.79, 95% CI ¼ 1.53 to 2.08) childhood BMI
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trajectories had higher rates of obesity-related cancer, whereas
no statistically significant difference in the rate was observed for
women with the below average childhood BMI trajectory
(IRR¼ 0.97, 95% CI ¼ 0.91 to 1.04) (Figure 2, A; Supplementary
Table 4, available online). Adjusting the analyses for childhood
height did not change the results, and the associations remained
statistically significant for the overweight and obesity trajectories
(Supplementary Table 5, available online). The IRR for early onset

obesity-related cancer was higher for the obesity trajectory than
for late-onset obesity-related cancer, however, the confidence
intervals were wide and overlapping (Supplementary Table 4,
available online).

Compared with men in the reference group, men with the over-
weight (IRR¼ 1.13, 95% CI ¼ 1.03 to 1.25) or obesity (IRR¼ 1.30, 95%
CI ¼ 1.03 to 1.64) childhood BMI trajectories had higher rates of
obesity-related cancer (Figure 2, A; Supplementary Table 4,
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Figure 1. Mean childhood body mass index (BMI) trajectories by sex. Shown are the estimated mean BMI trajectories for each of the identified
trajectories among girls (A) and boys (B), in relation to the BMI percentiles (10th, 25th, 50th, 85th and 95th) from the US Centers for Disease Control and
Prevention growth charts illustrated with the black lines. BMI ¼ body mass index.
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available online). In contrast, men with the below average
(IRR¼ 0.90, 95% CI ¼ 0.85 to 0.97) childhood BMI trajectory had a
statistically significantly lower rate of obesity-related cancer com-
pared with the referent, whereas no association was observed for
the above average (IRR¼ 1.04, 95% CI ¼ 0.98 to 1.11) childhood BMI
trajectory. Adjusting the analyses for childhood height did essen-
tially not change the results (Supplementary Table 5, available
online). The IRR was higher for early onset than late-onset obesity-
related cancer for the obesity trajectory, but the confidence inter-
vals were wide and overlapping (Supplementary Table 4, available
online).

For breast cancer, the associations were reversed. Women
with the below average childhood BMI trajectory had higher rates
of premenopausal (IRR¼ 1.09, 95% CI ¼ 1.00 to 1.20) and postme-
nopausal (IRR¼ 1.13, 95% CI ¼ 1.05 to 1.21) breast cancer com-
pared with the referent. The lowest rates of breast cancer were
observed for women with the overweight (premenopausal:
IRR¼ 0.80, 95% CI ¼ 0.71 to 0.91; postmenopausal: IRR¼ 0.76, 95%
CI ¼ 0.68 to 0.84) and obesity (premenopausal: IRR¼ 0.59, 95% CI
¼ 0.43 to 0.80; postmenopausal: IRR¼ 0.41, 95% CI ¼ 0.30 to 0.57)
childhood BMI trajectories (Figure 2, B; Supplementary Table 6,
available online). Women with the above average childhood BMI
trajectory had similar or slightly lower rates of premenopausal
(IRR¼ 0.99, 95% CI ¼ 0.91 to 1.07) and postmenopausal
(IRR¼ 0.91, 95% CI ¼ 0.85 to 0.97) breast cancer compared with
the referent. Changing the definition of age at menopause mini-
mally affected the results (Supplementary Table 6, available
online) as did adjusting the childhood BMI trajectories for child-
hood height, and the associations remained statistically signifi-
cant (Supplementary Table 5, available online).

In the exploratory analyses of associations between childhood
BMI trajectories and specific cancer forms among women, the 3
most common cancers (colon, corpus uteri, and ovary) showed a
similar pattern to the overall results (Table 3). In men, 2 of the 3
most prevalent cancer forms (colon and pancreatic) showed asso-
ciations in accord with the overall results, whereas no association
was observed for rectal cancer (Table 3). Adjusting the analyses
of these specific cancer forms for childhood height attenuated
the associations observed among women, whereas the associa-
tions were essentially unchanged for men (Supplementary Table
5, available online).

T2D was statistically significantly associated with the rate of
obesity-related cancer in models adjusted for childhood BMI

Table 2. Number of women and men diagnosed with specific obesity-related cancer formsa

Cancer form ICD-10 codea Women, No. Men, No.

Colon C18 1890 2138
Corpus uteri C54 and C55 1355
Esophagus C15 205 699
Gallbladder C23 51 22
Gastric cardia C16.0 71 320
Kidney C64 418 812
Liver C22 210 590
Meningioma C70 8 7
Multiple myeloma C90.0 227 268
Ovary C56 1088
Pancreas C25 698 865
Rectum C19.9 and C20.9 850 1443
Thyroid C73 214 97
Breast C50 and D05 10 218
Total 17 503 7261

a From 1978 onward, ICD-10 codes are available in the Danish Cancer Registry, because of a recoding project in 2004 where all cancers diagnosed from 1978 to
2004 were converted into ICD-10 codes (29). ICD ¼ International Disease Classification.
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trajectory. Shown are the incidence rate ratios between childhood BMI
trajectories and the rates of obesity-related cancer (A) and breast
cancer (B). Individuals with the average childhood BMI trajectory were
used as the referent. The analyses were adjusted for birth year. The
error bars represent the 95% confidence intervals (CIs). BMI ¼ body
mass index.
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trajectories (women: IRR¼ 1.67, 95% CI ¼ 1.48 to 1.88; men:

IRR¼ 1.65, 95% CI ¼ 1.49 to 1.82). Nonetheless, adult-onset T2D

did not statistically significantly modify the associations between
childhood BMI trajectories and obesity-related cancer among

men or women (P� .55). A comparison between 2 women aged

65 years with the obesity childhood BMI trajectory, where one

had T2D and the other did not, showed that the 10-year risk dif-

ference for being diagnosed with an obesity-related cancer was

3.4 percentage points higher for the woman with T2D (Figure 3;

Supplementary Table 7, available online). A similar comparison
in men showed that the risk difference was 2.7 percentage points
higher in the man with T2D than in the man without T2D.

Discussion
Among the 5 sex-specific childhood BMI trajectories identified,
higher rates of obesity-related cancer were observed for women
and men with trajectories that were above average compared
with the average childhood BMI trajectory. Among men, a lower
rate of obesity-related cancer was observed for those with the
below average childhood BMI trajectory. In contrast, the over-
weight and obesity childhood BMI trajectories were associated
with lower rates of breast cancer in women, and the highest rates
of pre- and postmenopausal breast cancer were observed for
women with the below average childhood BMI trajectory. Adult-
onset T2D conferred an additional risk of being diagnosed with
an obesity-related cancer across all childhood BMI trajectories.

The rates of obesity-related cancer generally increased across
all childhood BMI trajectories. We found that consistent overweight
or obesity in childhood was associated with a decreased rate of
breast cancer, a paradoxical observation that is explained in other
studies by a disproportionally greater effect on risk of early adult-
hood weight gain in women with normal childhood weight (37).
Notably, we found higher rates of obesity-related cancer associated
with trajectories even below the CDC threshold for overweight.
Thus, it is of great concern as 18% of contemporary Danish chil-
dren (38) and 42% of American children (39) are classified as having
overweight or obesity, meaning that far too many children may be
at increased risk of obesity-related cancer in adulthood. Together
with the long latency period of some cancer forms (9), our results
suggest that childhood is a critical period that should be considered
in cancer prevention planning.

As the definition of obesity-related cancer is based on associa-
tions with adult adiposity (1), it may not necessarily apply to

Table 3. Associations between childhood BMI trajectory and specific obesity-related cancer forms by sexa

Cancer form Sex

Childhood BMI trajectory

Below average Average Above average Overweight Obesityb

IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI)

Colon Women 0.88 (0.77 to 1.01) 1.00 (Referent) 1.09 (0.97 to 1.23) 1.12 (0.95 to 1.33) 1.52 (1.10 to 2.10)
Men 0.86 (0.76 to 0.97) 1.00 (Referent) 1.04 (0.93 to 1.16) 1.13 (0.95 to 1.35) 1.38 (0.90 to 2.12)

Corpus uteri Women 0.98 (0.83 to 1.15) 1.00 (Referent) 1.23 (1.07 to 1.42) 1.49 (1.24 to 1.79) 3.22 (2.43 to 4.26)
Esophagus Women 0.90 (0.59 to 1.39) 1.00 (Referent) 1.25 (0.87 to 1.78) 1.51 (0.95 to 2.41) —

Men 1.15 (0.94 to 1.41) 1.00 (Referent) 1.13 (0.93 to 1.39) 1.46 (1.09 to 1.95) 1.60 (0.79 to 3.27)
Gastric cardia Women 1.18 (0.56 to 2.47) 1.00 (Referent) 1.36 (0.71 to 2.60) 2.28 (1.08 to 4.81) —

Men 0.85 (0.62 to 1.17) 1.00 (Referent) 1.03 (0.77 to 1.37) 1.02 (0.63 to 1.63) —
Kidney Women 0.91 (0.68 to 1.23) 1.00 (Referent) 1.04 (0.81 to 1.35) 1.33 (0.96 to 1.85) 1.68 (0.89 to 3.16)

Men 0.90 (0.73 to 1.10) 1.00 (Referent) 1.22 (1.02 to 1.46) 1.17 (0.88 to 1.55) 1.82 (1.01 to 3.26)
Liver Women 1.00 (0.67 to 1.49) 1.00 (Referent) 0.92 (0.63 to 1.33) 1.71 (1.11 to 2.63) —

Men 0.73 (0.57 to 0.93) 1.00 (Referent) 1.03 (0.84 to 1.27) 1.11 (0.80 to 1.54) 1.31 (0.60 to 2.88)
Multiple myeloma Women 0.88 (0.59 to 1.31) 1.00 (Referent) 1.13 (0.81 to 1.58) 1.03 (0.63 to 1.69) —

Men 0.84 (0.59 to 1.18) 1.00 (Referent) 1.07 (0.79 to 1.46) 0.85 (0.49 to 1.48) —
Ovary Women 1.06 (0.89 to 1.26) 1.00 (Referent) 0.95 (0.80 to 1.11) 1.17 (0.95 to 1.46) 2.01 (1.40 to 2.89)
Pancreas Women 0.93 (0.74 to 1.16) 1.00 (Referent) 1.12 (0.92 to 1.36) 1.21 (0.92 to 1.58) 1.60 (0.94 to 2.70)

Men 0.78 (0.64 to 0.96) 1.00 (Referent) 1.07 (0.90 to 1.27) 1.33 (1.03 to 1.72) 1.77 (0.99 to 3.16)
Rectum Women 1.07 (0.88 to 1.30) 1.00 (Referent) 0.98 (0.82 to 1.18) 1.18 (0.92 to 1.51) 0.61 (0.30 to 1.28)

Men 1.06 (0.93 to 1.22) 1.00 (Referent) 0.92 (0.80 to 1.06) 0.97 (0.77 to 1.23) 0.70 (0.34 to 1.45)
Thyroid Women 1.12 (0.76 to 1.67) 1.00 (Referent) 1.10 (0.76 to 1.59) 1.35 (0.85 to 2.14) 1.87 (0.85 to 4.11)

Men 0.60 (0.33 to 1.11) 1.00 (Referent) 0.92 (0.55 to 1.54) 0.91 (0.41 to 2.06) —

a Because of the low case number, analyses were not performed for gallbladder and meningioma. BMI ¼ body mass index; CI ¼ confidence interval; IRR ¼
incidence rate ratio.

b “—” signifies results not presented if <5 cases per regulations on data reporting set by the Danish National Statistics Center.
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Figure 3. The 10-year cumulative incidences (in percentages) of obesity-
related cancers among women and men. The 10-year cumulative risks of
obesity-related cancer were estimated for women and men at age 55 and
65 years for individuals in each childhood BMI trajectory with (black) and
without (white) adult-onset T2D and accounting for the competing risk
of death. The error bars represent the 95% confidence intervals. BMI ¼
body mass index; T2D ¼ type 2 diabetes.
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childhood adiposity. However, we previously reported positive
associations between childhood BMI at individual ages and risks
of many of these cancer forms (10); a mendelian randomization
study links genetically predicted childhood BMI with some cancer
forms as well (40).

We found that associations between childhood BMI trajecto-
ries and specific cancer forms generally reflected the overall
results, especially in women. However, among men, rectal cancer
notably was not associated with childhood BMI trajectories
despite high case numbers. Including childhood height in the
analyses had little effect, suggesting that height is not driving the
associations observed. Although the IRRs were higher for early
onset obesity-related cancer, they should be interpreted cau-
tiously as the confidence intervals were wide.

No previous studies examined childhood BMI or body size tra-
jectories specifically in relation to incident cancer (16,17). A
Finnish study found differential associations between sex-
specific BMI trajectories from birth to age 11 years with cancer
mortality (15). A French study found that women with trajecto-
ries including a larger body shape around the age at menarche
had lower risks of postmenopausal breast cancer than those with
a smaller body shape at this age (19). This finding was supported
by results from an American study (18) but not by results from a
Mexican study (20). Thus, our results are generally in accord with
the previous literature on breast cancer.

Our novel investigation of whether T2D impacted the associa-
tions showed a higher cumulative incidence of obesity-related
cancer in women and men with T2D for all childhood BMI trajec-
tories. Nonetheless, the effect of adult-onset T2D on the rate of
obesity-related cancer did not depend on the childhood BMI tra-
jectory. Given that obesity in children is linked with T2D and that
T2D is emerging at younger ages in contemporary populations
(41,42), our results suggest that this association warrants further
investigation.

Suggested mechanisms linking adiposity and obesity-related
cancer include dysregulation of insulin, insulin-like growth factor
1, adiponectin and alterations in sex-hormone levels as well as
chronic exposure to low-grade inflammation, which increase
local inflammation and cell division and inhibit cell apoptosis
(43). T2D leads to similar metabolic changes thus supporting the
possibility of an increased risk of obesity-related cancer among
individuals with T2D (2). However, shared risk factors including
obesity, physical inactivity (44), and genetics (5) complicate the
understanding of the association between T2D and cancer.
Moreover, antidiabetes medication may influence cancer risk,
but its role is unclear (45). Exposure to the metabolic alterations
caused by excess adiposity already from childhood is a plausible
mechanism potentially explaining the increased risk of obesity-
related cancer. For breast cancer, mechanisms underlying the
links with childhood adiposity remain speculative but include
effects of altering sex-hormone levels and effects on the develop-
ing breast (37,46).

Our study has several strengths. The longitudinal data with
repeated measurements of weight and height enabled modeling
of BMI development through childhood rather than using BMI at
single time points. As a result, the clinical relevance of our results
is enhanced as it supports comparisons with BMI curves across
several ages rather than requiring measurements at exact ages,
which are often unavailable. Possible misclassification among
the trajectories was accounted for by using posterior probabilities
for trajectory membership in the analyses. Cancer diagnoses
were obtained from a validated national register where 86% of
cancers are morphologically verified (29). T2D was included in

the analyses as a time-varying covariable thus accounting for the
time exposed to T2D before cancer was diagnosed. The results
are likely generalizable to contemporary children as the associa-
tions did not change across the study period, which included pre-
World War II, World War II occupation, and the subsequent
introduction of the social welfare state. Further, the combination
of the population-based cohort, the universal and free health
care available in Denmark, and the low loss to follow-up because
of the national registers minimizes potential effects of selection
bias and enhances the generalizability of our results.

It is a limitation that our cohort includes mainly White indi-
viduals, which may limit the generalization of the results to other
ethnicities. The definition of T2D changed across time; however,
because of the structure of our data in relation to age, time
period, and the general increase in T2D over time, most T2D
cases were identified after 1995, thus changes in its definition
likely did not affect our results. Information on socioeconomic
status of the child, smoking, and physical activity and adult BMI
was unavailable. As these factors may have changed across the
time span of the study, their effect on the results is uncertain. To
examine effects of child BMI on adult disease, child and adult
BMI values are often included in the same model. Depending on
the approach used, including BMIs at both time points may esti-
mate the effects of change in BMI from child to adult ages and
not necessarily their independent effects. Furthermore, as child
and adult BMI lie on the same pathway, the inclusion of adult
BMI may represent an inappropriate overadjustment (47). Finally,
the identified trajectories are based on a subjective judgement of
the optimal model. However, the high average posterior probabil-
ities indicate a good model fit, and the similarities with the CDC
BMI reference support that the trajectories reflect patterns of
childhood growth.

Our study showed that individuals with overweight or obesity
childhood BMI trajectories have higher rates of obesity-related
cancer as adults but lower rates of breast cancer in women.
Adult-onset T2D conferred additional risk for obesity-related
cancer, but its effects did not differ across childhood BMI
trajectories.
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