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Abstract 

Background  While excess weight in adulthood and childhood has been associated with increased cancer risk, 
the link between body size change from childhood to adulthood and cancer risk requires further investigation. We 
aimed to examine the associations of childhood-to-adulthood body size change with the risk of obesity-related 
cancers.

Methods  We used data from the UK Biobank, a prospective population-based cohort study. The main exposure 
was childhood-to-adulthood body size change, constructed from self-reported body size at age 10 (categories: 
thinner, average, and plumper than average) and measured body mass index (BMI) at recruitment (normal weight, 
overweight, and obesity). Primary outcome was obesity-related cancer (13 different cancer types).

Results  Among 448,936 participants (mean [SD] age, 56.2 [8.1] years; 240,023 were female [53.5%]) and during a 
median follow-up of 11.7 years (interquartile range [10.9–12.4]), 21,289 incident obesity-related cancer cases were 
recorded. Most participants were either overweight (42.6%) or had obesity (24.4%) at recruitment, while only a 
minority (16.0%) reported to have been plumper than average at age 10. Having a larger body size in childhood 
was strongly associated with having overweight or obesity in adulthood. Compared to participants with average 
childhood and normal adulthood body size, participants with overweight or obesity in adulthood had a signifi-
cantly increased risk of obesity-related cancers, regardless of the childhood body size (adjusted hazard ratios ranged 
from 1.15 [95% CI, 1.06–1.24] to 1.61 [95% CI, 1.50–1.73]). The strength of the association was mostly determined 
by adulthood BMI, and similar patterns were observed for colorectal, endometrial, kidney, pancreatic, and esophageal 
cancer. However, a larger body size in childhood was associated with a lower risk of postmenopausal breast cancer 
(adjusted hazard ratio, 0.86 [95% CI, 0.79–0.93]).

Conclusions  While larger body size in childhood predisposes individuals to overweight and obesity in adulthood, 
maintaining a healthy weight in adulthood may help mitigate the risk of obesity-related cancers. Our findings high-
light the importance of preventing and reducing overweight and obesity in adulthood for primary cancer prevention.
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Background
Adulthood overweight and obesity, commonly defined 
[1] by a body mass index (BMI) from 25 to 29.9 kg/m2 
and 30 kg/m2 or above, respectively, are established risk 
factors for a variety of cancers [2]. The prevalence of 
overweight and obesity has increased rapidly over the last 
few decades. According to the NCD Risk Factor Collabo-
ration 2024 estimates, there are now around 880 million 
adults and 159 million children and adolescents living 
with obesity [3]. In 2016, the International Agency for 
Research on Cancer (IARC) Working Group concluded 
that there is sufficient or strong evidence that adulthood 
excess body weight is a risk factor for esophageal (adeno-
carcinoma), gastric cardia, colorectal, liver, gallbladder, 
pancreatic, breast (postmenopausal), endometrial, ovar-
ian, kidney (renal-cell) cancers, and multiple myeloma 
and meningioma [4]. Recent meta-analyses have further 
linked excess weight during childhood and adolescence 
to elevated risk of several cancer types in adulthood [5, 
6]. One of the suggested underlying mechanisms of obe-
sity-related carcinogenesis is the continuous release of 
growth factors, hormones, and pro-inflammatory sub-
stances by the fatty tissue [7]. It is therefore plausible to 
assume that lifetime exposure and body size transitions 
over time also play a critical role in the risk of obesity-
related cancers [8–13]. However, existing studies have 
primarily focused on cumulative exposure during adult-
hood, leaving a gap in understanding the link between 
the change of excess body weight from childhood to 
adulthood and cancer risk.

Using data from the UK Biobank cohort, we aimed to 
examine the relationship between childhood and adult-
hood excess weight and how it relates to the risk of 
obesity-related cancer in adulthood. To achieve this, we 
evaluated the association of childhood-to-adulthood 
body size change with cancer risk.

Methods
Study population
The UK Biobank is a prospective population-based 
cohort, comprising half a million participants aged 40–69 
years at baseline, recruited between 2006 and 2010. 
Details of the rationale, design, and survey methods for 
the UK Biobank have been described elsewhere [14]. Par-
ticipants completed a touchscreen questionnaire during 
the baseline assessment center visit that included ques-
tions on socio-demographics, lifestyle, health and medi-
cal history, and sex-specific factors. Additionally, several 
physical measurements including height and weight 
were performed on the whole cohort during the baseline 
assessment center visit. All participants provided elec-
tronically signed informed consent. Participants were 

excluded from the analyses if they had a previous can-
cer diagnosis (except non-melanoma skin cancer) or had 
missing information on height, weight, or comparative 
body size at age 10.

Exposure ascertainment
During the initial assessment visit, trained staff measured 
standing height using a Seca 202 device. Weight meas-
urements were taken using the Tanita BC-418 MA body 
composition analyzer [15]. Weight (in kg) was divided by 
the square of height (in meters) to calculate body mass 
index (BMI). Three categories (according to the WHO 
definition) [1] of BMI (normal weight, below 25; over-
weight, 25 to below 30; and obesity, 30 or higher) were 
used. Underweight (BMI below 18.5) was not considered 
a separate category due to the small sample size (0.5% of 
the study population).

Childhood body size was assessed by asking the partici-
pants if they would describe themselves as being “thin-
ner,” “average,” or “plumper” compared to the average 
10-year-old child when they were 10 years old.

A new variable “childhood-to-adulthood body size 
change” was constructed according to participants’ child-
hood body size and baseline BMI category, resulting in 
9 possible categories: average-to-normal weight, aver-
age-to-overweight, average-to-obesity, thinner-to-nor-
mal weight, thinner-to-overweight, thinner-to-obesity, 
plumper-to-normal weight, plumper-to-overweight, and 
plumper-to-obesity.

Cancer ascertainment and follow‑up
Information on cancer incidence (10th revision of the 
International Statistical Classification of Diseases, ICD-
10) is provided by the UK Biobank through linkage to 
national cancer registries. Thirteen cancer types, identi-
fied by IARC (International Agency for Research on Can-
cer) [4] as obesity-related cancers, were included in the 
analysis. These included esophageal (adenocarcinoma), 
gastric cardia, colorectal (CRC), liver, gallbladder, pan-
creatic, breast (postmenopausal), endometrial, ovarian, 
kidney (renal-cell), and thyroid cancers, and multiple 
myeloma and meningioma. This analysis includes com-
plete cancer follow-up data until the 29th of February 
2020 for England, the 31st of December 2016 for Wales, 
and the 31st of January 2021 for Scotland. Given that 
the censoring dates for England and Scotland were only 
1 year apart and that Wales represented just 4% of the 
UK Biobank participants, these regional differences are 
unlikely to have influenced the overall analysis. The num-
bers of cases for the considered cancers are listed, in the 
order of their frequencies, in Additional file 1: Table S1.
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Statistical analysis
Baseline characteristics of the participants were pre-
sented using descriptive statistics. The distribution 
of adulthood BMI was compared between childhood 
body size categories. The relationship between child-
hood body size and the odds of having an adulthood 
BMI above different overweight/obesity thresholds (i.e., 
BMI > 25, BMI > 30, BMI > 35, and BMI > 40) was further 
quantified by odds ratio, using sex- and age-adjusted 
logistic regression.

The associations of childhood body size, adulthood 
BMI, and childhood-to-adulthood body size change with 
obesity-related cancer risk were evaluated using multi-
variable Cox proportional hazards models. Person-years 
were calculated from the initial assessment visit until (1) 
cancer diagnosis; (2) loss to follow-up; (3) death; or (4) 
end of follow-up, whichever came first. Two adjustment 
levels were applied. The first model was adjusted for age 
at baseline (years, continuous) and sex (male, female). The 
second model (main results) was additionally adjusted 
for potential confounders identified in the literature: 
level of education (none, lower academic/professional, 
higher academic/professional) [16], ethnic background 
(White, Asian, Black, Mixed, and other) [17], socioeco-
nomic status (Townsend deprivation index, continuous) 
[18], smoking status (never, former, current) [19], alcohol 
consumption (never, special occasions only, 1–3 times a 
month, 1–2 times per week, 3–4 times per week, almost 
daily or daily) [20], physical activity (International Physi-
cal Activity Questionnaire (IPAQ) [21]—low, moder-
ate, high) [20], first-degree family history of breast (no, 
yes) [22] and colorectal cancer (no, yes) [23], history of 
bowel cancer screening (no, yes; for obesity-related can-
cers and CRC only) [24], history of mammography (no, 
yes; women only; for obesity-related cancers and breast 
cancer only) [22, 25], hormone replacement therapy (no, 
yes; women only) [26, 27], fruit intake (pieces per day, 
continuous) [20], vegetable intake (tablespoons per day, 
continuous) [20], and red and processed meat intake 
(never, less than once a week, once a week, ≥ 2 a week) 
[20]. Given that the changes from the minimally adjusted 
to fully adjusted models were rather modest, we have not 
presented the results from the minimally adjusted mod-
els. Schoenfeld residuals plots were examined to assess 
deviations from the proportionality assumption and 
none was found. Additionally, to avoid the possibility of 
bias due to prediagnostic weight loss present already at 
baseline [28], the first 4 years of follow-up were excluded 
for the second model. This means that the follow-up start 
was delayed to 4 years after the recruitment, and the par-
ticipants with the follow-up duration of 4 years or less 
were removed from the analysis.

Hazard ratios (HRs) and corresponding 95% confi-
dence intervals (CIs) were calculated to estimate the risk 
of obesity-related cancer per each category for childhood 
body size, BMI at baseline, and body size change. The ref-
erence categories were average, normal weight, and aver-
age-to-normal for childhood body size, adulthood BMI, 
and body size change, respectively. The statistical sig-
nificance of any interaction between childhood body size 
and adulthood BMI was assessed via a multivariate Wald 
test by comparing a model with product terms between 
the two variables to a model without these terms. The 
analysis was repeated for obesity-related cancers exclud-
ing postmenopausal breast cancer (due to differential 
patterns of association) and for individual cancer types 
that had a case count of at least 1000 (before the exclu-
sion of the first 4 years of follow-up), i.e., postmenopausal 
breast, colorectal, endometrial, kidney, pancreatic, and 
esophageal cancer.

For covariates with missing values, we performed mul-
tiple imputation. All variables included in the second 
model were included as predictors. We performed 20 
iterations and generated 5 imputed data sets (Additional 
file  1: Table  S2). All further analyses were performed 
with the imputed datasets and the results were combined 
using Rubin’s rule [29]. Multiple imputation procedures 
were performed in R using the mice package [30].

We conducted subgroup analyses by stratifying the par-
ticipants based on sex (male vs female), smoking status 
(never vs ever smokers), and age at baseline (< 50, ≥ 50 to 
59, ≥ 60) to assess potential differences within these sub-
groups. We evaluated the interactions using the multi-
variate Wald test by comparing models with and without 
product terms between pertinent risk factors and child-
hood body size, adulthood BMI, and body size change.

All statistical analyses were conducted using R version 
4.3.2 (R Project for Statistical Computing) [31]. Statistical 
tests were 2-sided, and an α = 0.05.

Results
Of the 502,422 participants in the UK Biobank, 66 par-
ticipants with withdrawn consent, 38,737 with a previous 
cancer diagnosis, and 14,683 with missing information 
on childhood body size or adulthood BMI were excluded 
from the analysis (Fig.  1). The final analyzed dataset 
included 448,936 participants, of whom 21,289 were 
diagnosed with obesity-related cancer during a median 
follow-up time of 11.7 (interquartile range 10.9–12.4) 
years.

Baseline characteristics of the study population are 
presented in Table 1. The mean (SD) age at baseline was 
56.2 (8.1) years; 240,023 were women (53.5% vs 208,913 
men [46.5%]), and 424,234 were White (94.7% vs 24,702 
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other [5.3%]). At the time of recruitment, 42.6% of par-
ticipants had overweight and 24.4% had obesity, whereas 
only a minority (16.0%) reported to have been plumper 
than average at age 10.

The distribution of adulthood BMI according to child-
hood body size is shown in Additional file  1: Fig. S1. A 
major BMI distribution shift towards higher BMIs was 
observed going from thinner, over average, to plumper 
childhood body size. Median BMI at recruitment was 
26.0, 26.7, and 28.9 kg/m2 among participants who 
reported having been thinner than average, average, 
and plumper than average at the age of 10, respectively 
(p < 0.001).

Figure 2 presents the odds ratios for having a BMI above 
different overweight/obesity thresholds according to the 
childhood body size. Compared to participants who con-
sidered themselves to have had an average body size at age 
10, participants who marked “thinner” had significantly 
lower odds of having high adulthood BMI (ORs ranging 
from 0.65 to 0.72). In contrast, participants who reported 
being plumper at age 10 were more likely to have over-
weight or obesity in adulthood, with ORs rising from 2.25 
(95% CI 2.21 to 2.30) for having a BMI > 25 kg/m2 to 6.94 
(95% CI 6.60 to 7.31) for having a BMI > 40 kg/m2.

Figure 3 shows the association of childhood body size 
and adulthood BMI with obesity-related cancer risk. 
Compared to self-reported average body size at age 10, 
self-reported thinner and plumper body size were associ-
ated with a modest increase in obesity-related cancer risk 
(HR 1.05, 95% CI 1.01 to 1.08 and HR 1.05, 95% CI 1.00 to 

1.10, respectively). However, after exclusion of postmen-
opausal breast cancer, no association with thinner body 
size (HR 1.05, 95% 0.97–1.06), and stronger positive asso-
ciation with plumper body size (HR 1.17, 95% 1.11–1.23) 
was found for obesity-related cancer risk. Being plumper 
at age 10 was positively associated with an increased risk 
of endometrial (HR 1.36, 95% CI 1.16 to 1.60) and esoph-
ageal cancer (HR 1.25, 95% CI 1.03 to 1.53) and with a 
lower postmenopausal breast cancer risk (HR 0.86, 95% 
CI 0.79 to 0.93). Adulthood overweight and obesity were 
associated with an 18% and 51% increased risk of obesity-
related cancers (HR 1.18, 95% CI 1.13 to 1.23 and HR 
1.51, 95% CI 1.44 to 1.57). Strong positive associations 
were observed for all of the common obesity-related can-
cer types, with HRs ranging from 1.12 to 1.61 for over-
weight and from 1.30 to 3.71 for obesity. With a HR of 
3.72 (95% CI 3.13–4.43), the by far strongest association 
was seen between obesity and endometrial cancer. No 
significant interaction between childhood body size and 
adulthood BMI was observed for obesity-related cancer, 
nor for any of the selected cancer types.

Table  2 shows the association of childhood-to-adult-
hood body size change with the risk of obesity-related 
cancer and selected cancer types. Compared to the aver-
age-to-normal group, all other childhood-to-adulthood 
body size change patterns (except plumper-to-normal) 
had an increased risk of obesity-related cancer, with 
the HRs ranging from 1.07 to 1.61. With the exception 
of postmenopausal breast cancer, similar patterns were 
observed for all of the six most common obesity-related 
cancer types, with the risk mostly being determined by 
adulthood overweight and obesity. Lower postmenopau-
sal breast cancer risk was observed for patterns starting 
with being plumper compared to starting with being 
thinner or average at age 10.

Table  3 displays subgroup analyses based on sex, 
showing the associations of childhood body size, adult-
hood BMI, and body size change with obesity-related 
cancer (occurring in both sexes: colorectal cancer, kid-
ney cancer, pancreatic cancer, esophageal cancer, mul-
tiple myeloma, liver cancer, thyroid cancer, stomach 
cancer, gallbladder cancer, and meningioma) risk. Sig-
nificant interactions were found between sex and adult-
hood BMI and body size change. Having a plumper 
childhood body size was associated with a 14% (5 to 
23%) and 18% (8 to 29%) increased risk in men and 
women, respectively, and no significant associations 
were found for a thinner childhood body size. Adult-
hood overweight and obesity were more strongly asso-
ciated with obesity-related cancer in men than women. 
Patterns ending with overweight and obesity in adult-
hood were associated with obesity-related cancer risk, 
with the associations being stronger in men. Patterns 

Fig. 1  Flow chart showing the selection of the study population
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Table 1  Baseline characteristics of the study population

Characteristics N (col%) Person-years N cases Incidence/1000 
person-years

Age at recruitment (years)

 < 50 109,518 (24.4) 1,285,540 1769 1.4

 ≥ 50– < 60 151,929 (33.8) 1,740.891 6822 3.9

 ≥ 60 187,489 (41.8) 2,076,075 12,698 6.1

Sex

Male 208,913 (46.5) 2,372,402 6931 2.9

Female 240,023 (53.5) 2,726,104 14,358 5.3

Adulthood BMI (kg/m2)a

Normal weight 148,227 (33.0) 1,695,266 6117 3.6

Overweight 191,167 (42.6) 2,173,739 8846 4.1

Obesity 109,542 (24.4) 1,229,501 6326 5.1

Childhood body size

Thinner 148,556 (33.3) 1,696,304 10,661 4.1

Average 227,743 (50.7) 2,590,054 7191 4.2

Plumper 71,637 (16.0) 812,149 3437 4.2

Body size change

Thinner → normal weight 59,987 (13.4) 685,795 2449 3.6

Thinner → overweight 61,767 (13.8) 700,209 3026 4.3

Thinner → obesity 27,802 (6.2) 310,299 1716 5.5

Average → normal weight 74,567 (16.6) 853,253 3098 3.6

Average → overweight 101,467 (22.6) 1,155,456 4599 4.0

Average → obesity 51,709 (11.5) 581,344 2964 5.1

Plumper → normal weight 13,673 (3.0) 156,217 570 3.6

Plumper → overweight 27,933 (6.2) 318,073 1221 3.8

Plumper → obesity 30,031 (6.7) 337,858 1646 4.9

Ethnicity/race

White 423,915 (94.7) 4,818,012 20,540 4.3

Mixed-other 6587 (1.5) 74,056 239 3.2

Asian-Chinese 9988 (2.2) 112,094 302 2.7

Black 6997 (1.6) 78,207 205 2.6

Missing 1449 16,137 64 4.0

Deprivation index (quartiles)

1 (most affluent) 112,097 (25.0) 1,283,045 5376 4.2

2 112,097 (25.0) 1,275,206 5502 4.3

3 112,097 (25.0) 1,269,356 5231 4.1

4 (most deprived) 112,097 (25.0) 1,264,632 5180 4.1

Missing 549 6267 17 2.7

Qualifications

Higher academic/professional 221,333 (49.8) 2,528,962 9761 3.9

Lower academic/vocational 149,332 (33.6) 1,693,881 6805 4.0

None 73,935 (16.6) 827,025 4507 5.4

Missing 4336 48,638 216 4.4

Smoking status

Never 246,570 (55.1) 2,822,337 10,853 3.8

Former 153,757 (34.4) 1,733,483 8160 4.7

Current 47,089 (10.5) 525,767 2214 4.2

Missing 1520 16,916 62 3.7
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Table 1  (continued)

Characteristics N (col%) Person-years N cases Incidence/1000 
person-years

Alcohol consumption

Never 91,909 (20.5) 1,040,275 4537 4.4

Special occasions only 104,846 (23.4) 1,199,570 4562 3.8

1–3 times a month 116,158 (25.9) 1,324,991 5164 3.9

Once or twice a week 50,001 (11.1) 569,057 2319 4.1

3–4 times a week 50,699 (11.3) 569,774 2822 5.0

Daily or almost daily 34,995 (7.8) 391,148 1865 4.8

Missing 328 3691 20 5.4

Physical activity (IPAQ groups)

Low 63,918 (18.3) 721,525 3114 4.3

Moderate 141,536 (40.6) 1,608,584 6738 4.2

High 142,993 (41.0) 1,627,191 6050 3.7

Missing 100,489 1,141,206 5387 4.7

Fruit intake (pieces/day)

 < 2 124,208 (27.7) 1,407,088 5373 3.8

 ≥ 2– < 5 236,989 (52.9) 2,695,635 11,463 4.3

 ≥ 5 86,953 (19.4) 987,091 4420 4.5

Missing 786 8691 33 3.8

Vegetable intake (tablespoons/day)

 < 3 80,409 (17.9) 915,679 3488 3.8

 ≥ 3– < 6 226,427 (50.4) 2,575,118 10,924 4.2

 ≥ 6 139,447 (31.1) 1,578,107 6758 4.3

Missing 2653 29,603 119 4.0

Red meat intake

Never 30,042 (6.8) 342,211 1270 3.7

Less than once a week 151,250 (34.0) 1,718,328 7558 4.4

Once a week 96,580 (21.7) 1,100,942 4553 4.1

 ≥ 2 times a week 167,118 (37.5) 1,892,858 7712 4.1

Missing 3946 44,168 196 4.4

Processed meat intake

Never 41,367 (9.2) 471,680 1916 4.1

Less than once a week 135,757 (30.3) 1,546,012 6979 4.5

Once a week 130,930 (29.2) 1,486,012 6276 4.2

 ≥ 2 times a week 140,036 (31.3) 1,487,099 6118 3.9

Missing 846 9404 4.3

History of CRC screening

No 306,980 (69.5) 3,524,205 13,360 3.8

Yes 134,625 (30.5) 1,491,064 7640 5.1

Missing 7331 83,237 289 3.5

History of mammography (women)

No 51,063 (21.3) 596,601 1250 2.1

Yes 188,576 (78.7) 2,125,072 13,095 6.2

Missing 384 4431 13 2.9

Family history of breast cancer

No 402,876 (89.7) 4,578,914 18,527 4.0

Yes 46,060 (10.3) 519,592 2762 5.3

Family history of CRC​

No 400,423 (89.2) 4,550,748 18,470 4.1

Yes 48,513 (10.8) 547,756 2819 5.1
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ending with normal weight in adulthood were not asso-
ciated with cancer risk, except for plumper-to-nor-
mal weight in women, where a 21% (95% 1–45%) risk 
increase was observed. Table S3 (see Additional file 1) 
shows that the associations were generally somewhat 
stronger among never-smokers than ever-smokers, 
and the interaction was significant only for body size 
change (p interaction = 0.022). Table  S4 (see Addi-
tional file  1) shows the association of childhood body 
size, adulthood BMI, and body size change accord-
ing to age groups at baseline. While the patterns were 
similar for groups 50–59 years and ≥ 60 years, associa-
tions of childhood body size, adulthood BMI, and body 
size change with obesity-related cancer were gener-
ally weaker for the participants younger than 50 years 

at baseline. However, no significant interactions were 
observed.

Discussion
In this large population-based cohort study with 448,936 
participants and 21,289 obesity-related cancer cases, we 
evaluated the relationship of self-reported childhood 
body size with adulthood body size, and how change of 
body size from childhood to adulthood is associated with 
the risk of obesity-related cancer. Compared to partici-
pants who had an “average” body size at age 10, partici-
pants who were “plumper” at age 10 were considerably 
more likely to have overweight or obesity in adulthood. 
Interestingly, however, despite differences in body size 
at age 10, adults who had overweight or obesity faced 

Table 1  (continued)

Characteristics N (col%) Person-years N cases Incidence/1000 
person-years

Regular use of NSAIDs/aspirin

No 311,225 (69.3) 3,542,998 14,474 4.1

Yes 137,698 (30.7) 1,555,342 6815 4.4

Missing 13 166 0 0

History of HRT use (women)

No 149,064 (62.3) 1,703,622 7575 4.4

Yes 90,146 (37.7) 1,013,364 6738 6.6

Missing 813 9188 45 4.9

Abbreviations: BMI body mass index, CRC​ colorectal cancer, HRT hormone replacement therapy, IPAQ International Physical Activity Questionnaire, NSAIDs 
nonsteroidal anti-inflammatory drugs
a BMI (kg/m2) was categorized as normal weight (< 25), overweight (≥ 25– < 30), and obesity (≥ 30)

Fig. 2  Association of childhood body size with adulthood overweight/obesity
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similar increased obesity-related cancer risks. This was 
applicable for colorectal, endometrial, kidney, pancre-
atic, and esophageal cancer, but not for postmenopausal 
breast cancer where a larger body size at age 10 was asso-
ciated with a reduced risk. The observed patterns sug-
gest that maintaining a healthy body weight in adulthood 
could potentially counteract the negative health impacts 
associated with childhood obesity.

Adulthood overweight and obesity are established 
risk factors for many cancer types [2, 4]. Recent reviews 
have corroborated the association between childhood 
and adolescent obesity and an increased risk of cancer in 
adulthood, albeit with a body of evidence not as compre-
hensive or conclusive as that supporting the association 
between excess weight in adulthood and cancer risk [5, 
6]. Biological mechanisms through which excess weight 
has been linked to carcinogenesis include alterations in 
sex hormone and adipokine levels, changes in the insu-
lin and insulin-like growth factor signaling, and chronic 
inflammation [7]. Individuals who have been exposed 
to excess body weight earlier in life and for longer peri-
ods have therefore been more exposed to the aforemen-
tioned adverse metabolic and hormonal changes leading 
to increased cancer risk. Indeed, several recent stud-
ies have shown that measures that capture the duration 

and severity of exposure to excess weight (analogous to 
pack-years for smoking) are associated with several can-
cer types [8–10, 12, 13]. Nonetheless, these studies have 
mostly focused on excess weight exposure from late 
adolescence or early adulthood onward, not considering 
childhood overweight and obesity.

In our analysis, we have observed a dose–response 
relationship between childhood body size and adult-
hood excess adiposity, with people who were plumper 
at age 10 being more than two times more likely to have 
BMI > 25, more than three times to have BMI > 30, five 
times to have BMI > 35, and almost seven times more 
likely to have severe obesity (BMI > 40), compared to 
people with average body size at age 10. An inverse trend 
was observed for people who were thinner at age 10, who 
were around 30% less likely to have overweight or obesity 
in adulthood.

A 2023 systematic review and meta-analysis found 
significant positive associations between childhood 
and adolescent obesity with colorectal and pancre-
atic cancer in both sexes and ovarian cancer in women 
[6]. Another analysis of childhood BMI trajectories of 
301,927 children aged 6–15 years revealed increased 
rates of adult obesity-related cancers (excluding breast 
cancer) for “overweight” and “obesity” trajectories 

Fig. 3  Association of childhood body size and adulthood BMI with obesity-related cancer risk
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(compared to “average” trajectory), with incidence 
rate ratios of 1.27 (95% CI 1.17–1.38) and 1.79 (95% CI 
1.53–2.08), respectively [32]. In our analysis, we found 
modest positive associations of “thinner” (HR 1.04, 95% 
1.01–1.08) and “plumper” (HR 1.05, 95% 1.00–1.10) 
childhood body sizes with obesity-related cancer risk. 
However, after exclusion of postmenopausal breast 
cancer, being “thinner” at age 10 showed no associa-
tion (HR 1.01, 95% 0.97–1.05), while being “plumper” 
showed a stronger positive association (HR 1.17, 95% 
1.11–1.24) with obesity-related cancer. This effect is 
likely due to a well-documented [32–35] (but poorly 
understood) inverse association of excess childhood 
adiposity and (postmenopausal) breast cancer, which 
in our study comprises about half of the obesity-related 
cancer cases in women. For adulthood overweight and 
obesity, we observed strong associations with obesity-
related cancer risk (18% and 51%, respectively), with 
relative risk estimates similar to those found in previ-
ous research [4].

For childhood-to-adulthood body size change, pat-
terns that ended in normal weight in adulthood were 
associated with the lowest risk. Higher risks (15 to 28%) 
were observed for patterns ending with adulthood over-
weight, and the highest risk (52 to 61%) in patterns end-
ing in obesity. This, along with the lack of interaction 
between childhood body size and adulthood BMI, sug-
gests that it is the adulthood body size that is the main 
determinant of obesity-related cancer risk. Only a few 
studies have looked into the relationship between dif-
ferent life-course trajectories (with childhood period 
being included) of body size or adiposity with cancer 
risk, most of which focused on breast cancer [33–37]. 
The most comprehensive evidence comes from a 2016 
study by Song and colleagues [37] that investigated the 
association of 5 identified body shape trajectories (lean-
stable, lean-moderate increase, lean-marked increase, 
medium-stable, and heavy-stable/increase) from age 5 
to age 60 with cancer risk. Compared to the lean-stable 
group, women who had experienced weight gain in later 

Table 3  Sex-specific analysis—association of childhood body size, adulthood BMI, and body size change with obesity-related cancer 
risk*

Abbreviations: BMI body mass index, CI confidence interval, CRC​ colorectal cancer, HR hazard ratio, HRT hormone replacement therapy, NSAIDs nonsteroidal anti-
inflammatory drugs
* Obesity-related cancers occurring in both sexes: colorectal cancer, kidney cancer, pancreatic cancer, esophageal cancer, multiple myeloma, liver cancer, thyroid 
cancer, stomach cancer, gallbladder cancer, and meningioma
a Model adjusted for age, sex, ethnicity, height, Townsend deprivation index, education, smoking, alcohol consumption, red and processed meat consumption, 
1st-degree family history of CRC and breast cancer, previous CRC screening (for obesity-related cancers and CRC), HRT (women only), fruit and vegetable intake, 
NSAIDs use, and physical activity
b Multivariate Wald test comparing the model with and without product terms

Men Women p interactionb

N cases HRa (95% CI) N cases HRa (95% CI)

Childhood body size
Thinner 1750 0.97 (0.91–1.03) 1184 1.07 (0.99–1.15) 0.15

Average 2649 Reference 1765 Reference

Plumper 757 1.14 (1.05–1.23) 704 1.18 (1.08–1.29)

Adulthood BMI
Normal weight 966 Reference 1232 Reference  < 0.001

Overweight 2498 1.26 (1.17–1.35) 1379 1.10 (1.02–1.19)

Obesity 1692 1.66 (1.53–1.80) 1042 1.31 (1.20–1.43)

Body size change
Thinner → normal weight 442 0.98 (0.86–1.11) 468 1.10 (0.98–1.24)  < 0.001

Thinner → overweight 855 1.24 (1.11–1.39) 433 1.17 (1.04–1.33)

Thinner → obesity 453 1.62 (1.42–1.85) 283 1.45 (1.26–1.68)

Average → normal weight 468 Reference 615 Reference

Average → overweight 1346 1.22 (1.10–1.37) 711 1.15 (1.03–1.28)

Average → obesity 835 1.60 (1.43–1.80) 439 1.27 (1.12–1.44)

Plumper → normal weight 56 0.96 (0.72–1.26) 149 1.21 (1.01–1.45)

Plumper → overweight 297 1.30 (1.12–1.50) 235 1.19 (1.02–1.38)

Plumper → obesity 404 1.72 (1.51–1.97) 320 1.51 (1.32–1.74)
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life (lean-moderate increase, lean-marked increase, and 
heavy-stable/increase) had a significantly higher obesity-
related cancer risk (HRs from 1.17 to 1.39), whereas no 
association for medium-stable women was observed (HR 
1.03, 95% CI 0.95 to 1.12). In men, compared to the lean-
stable group, an increase in obesity-related cancer risk 
was observed for all other four trajectories (HR from 1.09 
to 1.17), though the associations were not statistically 
significant. These results are consistent with our find-
ings, with lean-stable being comparable to thinner-to-
normal or average-to-normal pattern, and “moderate” 
and “marked” increase being comparable to having over-
weight and obesity in adulthood, respectively.

Different patterns of association were observed 
across selected cancer types and sex and smoking sub-
groups. As mentioned, we observed an inverse associa-
tion between childhood body size and postmenopausal 
breast cancer risk. Compared to women with average 
body size at age 10, thinner women had a 13% (95% CI 
6 to 20%) increased, and plumper women had a 14% 
(95% CI − 7 to − 21%) decreased risk of postmenopau-
sal breast cancer. Similarly, compared to the average-
to-normal body size group, patterns starting with 
being plumper at age 10 showed inverse or no asso-
ciation, and patterns starting with being thinner at 
age 10 showed strong positive associations with post-
menopausal breast cancer risk. One of the suggested 
mechanisms is that high adiposity in childhood leads 
to a reduction in breast tissue density, which in turn 
reduces the risk of postmenopausal breast cancer [38]. 
Our results corroborate the findings of two previous 
studies [33, 37] investigating the association of BMI 
trajectories across the life course with postmenopausal 
breast cancer. As suggested previously [33], a woman’s 
lifetime body size history may be considerably more 
predictive of postmenopausal breast cancer risk than 
looking at childhood or adulthood body size alone. 
This is further evidenced by the results from previ-
ous meta-analyses which have shown that weight gain, 
rather than weight or BMI at a single point in time, 
better captures postmenopausal breast cancer risk [35, 
39, 40]. Of other selected cancer types, we found the 
strongest association for endometrial cancer, where 
women with body size patterns ending in obesity had 
more than four-fold higher risk compared to the aver-
age-to-normal group. For pancreatic and esophageal 
cancer, we have observed that associations for patterns 
ending with obesity seem to have a dose–response 
dependency on childhood body size (larger childhood 
body size—higher risk). However, again, no significant 
interactions between childhood and adulthood body 
size were found.

A notable strength of this study is the UK Biobank’s 
population-based prospective design with a long fol-
low-up, a large number of participants and incident 
cases, and the availability of information on a wide 
range of potential confounders. Nonetheless, there 
are also some limitations. First, the “healthy volun-
teer” bias has been observed in the UK Biobank [41]. 
The UK Biobank participants are less likely to have 
obesity, to smoke, to drink regularly, and have fewer 
self-reported diseases. Second, while the baseline BMI 
was assessed through objective measures, it is impor-
tant to note that the self-reported “comparative body 
size at age 10” introduces subjectivity and is suscepti-
ble to recall bias, which might be nondifferential with 
respect to adulthood weight and related cancer risk. 
However, recent systematic reviews have found overall 
good agreement between self-reported and measured 
body weight in early life [42, 43]. The substantially 
higher proportion of participants reporting having 
been thinner rather than plumper than average at age 
10 (33.3% versus 16.0%) may be an indication of selec-
tive participation in the UK Biobank, underreporting 
of childhood weight, or some combination of both. 
Third, due to the lack of repeated body size measures, 
we were unable to capture weight fluctuations between 
the two time points. Fourth, due to the lack of infor-
mation, we were unable to consider participants’ early 
life factors that may confound the associations with 
childhood body size. Finally, the predominantly White 
composition (95%) of the UK Biobank participants 
imposes constraints on the applicability of our conclu-
sions to non-White demographic groups.

Conclusions
In summary, our study examining the association of 
childhood-to-adulthood body size change with obesity-
related cancer risk suggests that, while excess weight 
in childhood may play a role for certain cancer types, 
adulthood overweight and obesity are the primary 
factors influencing the risk of obesity-related cancer. 
For postmenopausal breast cancer, a larger body size 
during childhood appears to have a protective influ-
ence, contrasting with the patterns observed in other 
obesity-related cancers. Our results are in concord-
ance with the findings from previous studies, which 
are notably sparse on this topic. Further research using 
objective, repeated measures of adiposity across the 
lifespan and including biomarkers indicative of poten-
tial underlying mechanisms are needed to deepen our 
understanding of the impact of excess weight on can-
cer risk. Notwithstanding the need for such further 
research, major efforts are needed to halt and reverse 
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the ongoing global increase in obesity prevalence which 
otherwise may further accelerate the increasing cancer 
burden due to demographic aging in many countries.
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