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Abstract

While obesity is associated with liver cancer in studies from western societies, the paucity of data
from Asia limits insights into its aetiological role in this population. We examined the relationship
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between body mass index (BMI) and liver cancer using data from the Asia Pacific Cohort Studies
Collaboration. In 309,203 Asian study members, four years of follow-up gave rise to 11,135
deaths from all causes, 420 of which were ascribed to liver cancer. BMI, whether categorised
according to current guidelines for Asian groups or World Health Organisation recommendations,
was not associated with liver cancer in any of our analyses.

Introduction

Methods

Although liver cancer is a relatively uncommon malignancy, owing to a very high case-
fatality, it is the third most lethal malignancy worldwide 1. With treatments being largely
ineffective, identification of environmental risk factors is key for successful primary
prevention. A recent, comprehensive systematic review of prospective cohort studies
reported an almost doubling of liver cancer risk in obese relative to normal weight persons 2.
This observation is biologically plausible: in obese individuals, non-alcoholic fatty liver
disease is common and the spectrum of pathological alterations occurring within the liver as
a consequence range from fat accumulation, to non-alcoholic steatohepatitis, and cirrhosis
which may in turn give rise to carcinoma 2. However, in this review 2, only two 34 of the
eleven studies were drawn from Asian populations where there are strong prima facie
reasons to anticipate that weight may have a different influence on liver malignancy to that
apparent in western populations. Thus, Asian societies are characterised by different body
composition, environmental exposures, genetic background, and socio-economic
circumstances. Indeed, in the two Asian studies -6 featured in the afore-described review 2
the evidence of an effect of overweight and obesity on liver cancer was less unconvincing
than in western populations.

Given the clear paucity of extant studies on obesity and liver cancer in Asian populations,
and the plausible suggestions for a differential obesity-liver cancer effect in this group, we
examined this association using data from the Asia Pacific Cohort Study Collaboration
which has pooled individual participant data from over forty studies so resulting in
unusually high statistical power.

The Asia Pacific Cohort Study Collaboration is a pooling project of individual participant
data from 44 existing cohort studies in the region. Methods of study identification and their
characteristics have been reported in detail elsewhere 7. Cohorts were classified as Asian if
the participants were recruited from mainland China, Hong Kong, Japan, Korea, Singapore,
Taiwan or Thailand; and as Australasian if the participants were drawn from Australia or
New Zealand. This classification largely represented a dichotomy by ethnicity into Asians
and non-Asians. Height and weight were measured directly and body mass index (BMI) was
calculated using the usual formulae (weight, kg, divided by squared height, m?). Standard
protocols were used to determine blood pressure and blood cholesterol 7. The presence of
diabetes in individual participants was determined from either reported history of diabetes or
measured blood glucose levels. Study members also responded to enquiries about cigarette
smoking habits and alcohol intake. Liver disease deaths occurring over median of four years
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of follow-up were ascertained from death certificates. These were coded as either liver
cancer (155 [ICD 9]) or ‘other’ liver disease (70, 570-573, [ICD 9]; K70-K77 [ICD10].

Statistical analyses

Results

Analyses were restricted to individuals aged 20 years or over at study entry with information
on height and weight. Participants at extreme ends of the BMI spectrum (i.e., <15 or >50
kg/m?2) were assumed to have incorrectly entered data and were therefore excluded from the
analysis (N=409). Studies that did not record any liver death were also dropped. This
resulted in an analytical sample of 405,799 men and women (96,596 participants from
Australasia, 309,203 from Asia) with complete data on age, sex, study, BMI and mortality
experience. With only 25 cancer deaths occurring in the Australian population, it was not
possible to compute robust survival models in this group; these study members were
therefore excluded from analyses.

Having first ascertained that the proportional hazards assumption had not been violated, Cox
proportional hazards regression models® were used to regress time until death due to liver
disease in relation to baseline BMI. All the Cox models included age and stratification
variables for study and sex (there was no evidence of sex interaction). For hazards ratios in
each BMI category, 95% confidence intervals were estimated by the ‘floating absolute risk’
method 2. In these analyses, BMI was categorised according to recommendations for Asian
populations (underweight: 15-18.4; normal weight (referent): 18.5-22.9; overweight:
23-24.9; and obese: 25-50 kg/m?) 10, and, for the purposes of comparison, also using
existing World Health Organization (WHO) guidelines (underweight: 15-18.4; normal
weight (referent): 18.5-24.9; overweight: 25-29.9; and obese: 30+ kg/m?) 11,

In table 1 we provide an overview of the principal data from each of the studies contributing
to the present analyses. A median of four years of follow-up (1,637,082 person-years) gave
rise to 11,135 deaths from all causes, 420 of which were ascribed to liver cancer. In table 2
we present the relation of categories of BMI, based on guidelines for Asian populations,
with death from liver cancer and ‘other’ liver disease. In analyses adjusted for age, sex and
study, while there was a suggestion of an upturn in risk in the lowest BMI group, overall
there was little evidence of an association between body mass index and later risk of liver
cancer. Statistical adjustment for a range of confounding factors, which included smoking
and alcohol intake, essentially flattened this relationship. When we re-categorised the BMI
data according to existing WHO guidelines and repeated these analyses, our conclusions
about this association were unchanged (results not shown but available upon request). When
other causes of liver disease (principally comprising hepatitis and cirrhosis) was the
outcome of interest, a suggestion of a protective effect in the higher weight groups was lost
after control for a series of covariates. Reanalyses following left censoring, whereby deaths
due to liver cancer occurring in the first three years of follow-up were excluded in order to
explore reverse causality, did not materially change these results.

Finally, we explored the country-specific association between BMI and liver cancer. There
were sufficient liver cancer deaths in China (N=155), Japan (N=54), and Korea (N=199) to
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facilitate analyses. While there was no evidence of a BMI-liver cancer association in Korea
(HR per one SD increase in BMI; 95% CI: 0.98; 0.80, 1.20) in age-, sex-, and study-adjusted
analyses, in China, increased BMI was associated with reduced risk (0.75; 0.60, 0.95) and in
Japan a positive gradient was apparent (1.58; 1.15, 2.17).

Discussion

In the present study, there was essentially no evidence that obesity or overweight were
associated with liver cancer mortality. Findings from the two Asian studies 1213 featured in
an existing systematic review 2 accord with our own, whereas in large study of Korean men
and women appearing subsequently 14 a dose-response effect was seen across five weight
groups. Taking these results together, in contrast to data from Western populations,21° the
balance of evidence in studies from Asia points towards a null obesity-liver cancer
association. This is consistent with the observation in Asian groups that the relationship
between obesity and risk factors for liver cancer, such as smoking 16 and alcohol intake, are
null 17, Our data are not without there limitations. We did not, for instance, have information
on hepatitis virus infection, although it is unlikely that control for this potential confounding
factor would have substantially altered an already null BMI-liver cancer relation.

In conclusion, given the modestly-sized and apparently conflicting literature, the association
between BMI and liver cancer warrants further investigation in prospective cohort studies.
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