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Abstract

Body mass index (BMI) does not reflect the location or amount of body fat. We aimed to
investigate the role of general and central obesity measures in the prediction of incident
gastrointestinal (GI) cancers. In this analysis of Golestan Cohort Study, we included 47586 cancer-
free individuals followed for 12.3 years (IQR: 10.5-13.2). We investigated the association of
obesity measures including BMI, waist circumference (WC), and waist-to-hip ratio (WHR) at
enrollment and the incidence of esophageal, gastric, colorectal, and pancreatic cancers. Cox
proportional hazard models were used to estimate the association between covariates and Gl
cancer risk. We observed no significant associations between obesity measures and incidence of
the above-mentioned Gl cancers in men. In women, BMI, WC, and WHR were associated with
significant reductions in the risk of esophageal squamous cell carcinoma (ESCC): HR: 0.67 (95%
Cl: 0.56-0.81), HR: 0.71 (95% ClI: 0.60-0.84), and HR: 0.80 (95% CI: 0.68— 0.94), respectively.
In addition, WHR was associated with significantly increased risks for colorectal cancer (HR:
1.39, 95% CI: 1.08-1.78) and gastric cancer (HR: 1.24, 95% CI: 1.01-1.51) in women. In this
study, statistically significant associations between obesity measures and incident esophageal,
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gastric, and colorectal cancers were seen in women.
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Introduction

Obesity is a major contributor to the development of many chronic diseases, including type 2
diabetes (T2DM), cardiovascular disease (CVD), and cancer

(Garvey etal., 2016,Stone etal., 2018) - A recently published report by International Agency for
Research on Cancer (IARC) concludes that obesity increases the risk of several site-specific
cancers including the esophagus (adenocarcinoma), colon and rectum, gastric cardia, and
pancreas (Lauby-Secretan etal., 2016y The majority of studies evaluating obesity and cancer risk
have applied body mass index (BMI) as the main measure of obesity. However, an important
limitation of BMI is its inability to consistently estimate the percentage and distribution of
fat mass among individuals of different ages, genders, and ethnicities (Garvey etal., 2016,
Waist circumference (WC) is recommended for the screening of obesity and obesity-related
comorbidities, especially when BMI is less than 35 kg/m? (Garvey etal., 2016)

A prospective study of the U.S. population, aged 50 to 70 years, concluded that increased
abdominal fat, but not general fat mass, is associated with an increase in the risk of death
from specific cancers (Leitzmannetal., 2011y ' A more recent study of a Canadian population
demonstrated that central adiposity is a stronger predictor of all- cancer risk than is body
size (Barberioetal., 2019) ‘However, there is some inconsistency regarding the association
between WC and common gastrointestinal (GI) cancers. WC was previously introduced as a
strong predictor of colon cancer (Moore etal., 2004y \yhile a more recent study did not support
this finding (Karahalios etal, 2016).
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Epidemiological studies have consistently reported gender differences in the incidence of
various cancers across different populations and regions (Porak and Karpuzoglu, 2012y 'preyjous
studies have also indicated gender and ethnicity, as important factors, affecting the
association between obesity and cancer incidence for certain cancer types

(Renehan etal., 2008, Wang et al., 20162) \jeanwhile, there is substantial evidence of sex, age, and
ethnic variations in WC and WHR (Cryanization, 2011y ' Considering the increasing prevalence
of obesity in Iran, it seems essential to determine the appropriate obesity measure to specify
cancer risk among both sexes in this population.

Materials and Methods

Study design and participants

Golestan Cohort Study (GCS) is a longitudinal, ongoing follow-up study of the individuals
aged 40-75 years at baseline from Golestan province in northeastern Iran. This study
primarily aimed to identify the risk factors for esophageal cancer previously established to
have a high incidence rate in this area (Pourshams etal., 2010y 'Dyring a 4-year period, 50045
individuals from both rural and urban areas were recruited to the GCS (Pourshams etal., 2010y,
The participants were excluded if they had any current or previous history of upper
gastrointestinal (G1) cancers, were unwilling to participate at any stage of the study for any
reason, and were temporary residents (Pourshams etal., 2010) The study was approved by the
institutional review boards of the Digestive Disease Research Institute of the Tehran
University of Medical Sciences (Ref: FWA00001331), the IARC (Ref: CN/23/ 3), and the
US National Cancer Institute (NCI). Written informed consent was obtained from all
participants (Pourshams etal., 2010).

We aimed to determine the anthropometric factors that influence the risk of the main Gl
cancers including cancers of the esophagus, stomach, colon and rectum, and pancreas. For
the purpose of this study, we included all participants who were free of any of these specific
cancers at the time of enrollment. Moreover, individuals with BMI< 18.5 kg/m?2 were
excluded from this study.

Anthropometric data and covariates

The selected participants were contacted by the trained health workers and invited to visit
the GCS center, a research center specifically established for this project in Gonbad, the
second largest city of Golestan (Pourshams etal., 2010y ' Anthropometric measurements were
performed at GCS center by trained personnel. Weight and height were measured in light
clothes, without shoes, and in the upright position. WC was measured at the level of the
minimal waist at the end of normal expiration and hip circumference (HC) was measured at
the widest portion of the buttocks in a standing relaxed posture with feet close together. BMI
was calculated by dividing the weight in kilograms by the height in meters squared. Waist-
to-hip ratio (WHR) was calculated as the ratio of WC divided by HC. In the same session,
the structured questionnaires validated in the pilot phase of the study

(Pourshams et al., 2005,Pourshams et al., 2010 \were completed for each participant to provide
information on sex, age, diabetes diagnosis (yes/no), smoking status (never/past/current),
alcohol use (yes/no), opium use (yes/no), marital status (married/ single including divorced
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or widowed), and educational attainment (illiterate/ less than 5 years/ 6-8 years/ 9-12 years/
>12 years). Data on home size and asset ownership were used to calculate a composite
wealth score representing socioeconomic status as described before and categorized into
quartiles (Islami etal., 2009)_

Follow-up and outcome ascertainment

The participants are being followed up actively every 12 months. Moreover, they were
instructed at the time of enrollment to contact the team in case of certain conditions such as
hospitalization or the development of a new major disease. The participants are first
contacted by telephoneg, if they are not accessible after seven attempts (on different days
during two consecutive weeks), they will be visited at home by the team members. The GCS
team completes a questionnaire during each phone call or home visit and records the
occurrence of death, or development of any major disease, or hospitalization that has taken
place since the previous follow-up visit. These contacts are registered and subsequently
followed by a staff member. In the case of occurrence of cancers and deaths, the trained
personnel gather all available medical documents including all clinical and pathologic
reports, as well as hospital records from the medical centers in which any major diagnostic
or therapeutic procedures were done. To verify the diagnosis of cancer or cause of death, two
internists independently review all available documents and allocate the disease code for the
outcome based on the10™ revision of the International Statistical Classification of Diseases
and Related Health Problems (Crdanization, 1992) | the case of disagreement, a third expert
internist reviews the data and makes the final decision on the code. The data for cancer
incidence is also completed and verified by linkage to the local cancer registry. The
participants were followed-up until the incidence of a Gl cancer (i.e. esophagus, stomach,
colon, rectum, and pancreas), the incidence of any other cancer, death due to any cause or 31
December 2019, whichever came first.

Statistical analysis

The variables are described using means and standard deviations (SDs), medians and inter-
quartile ranges (IQRs), and percentages. Since the time to occurrence of cancers was the
response variable, Cox proportional hazards regression was utilized to estimate the impact of
covariates. The proportional hazards assumption was tested, and no serious violation was
detected. The analyses were stratified by sex. Main exposures namely BMI, WC, and WHR
were included in the regression models as continuous variables. Additionally, the potential
risk factors including age, marital status (married/single), educational level (illiterate/ less
than 5 years/ 6-8 years/ 9-12 years/ >12 years), socioeconomic status (divided to four
quartiles), history of diabetes (yes/no), smoking status (never/past/current), alcohol use (yes/
no), and opium use (yes/no), area of residence (urban/rural), consumption of vegetables and
hot tea (only for esophageal cancer) were included in the models. The HRs were also
calculated on the basis of the categories of BMI and WC, applying the cut-off value of 90

cm for WC in both genders as recommended for Iranian population
(Hadaegh etal., 2009,AZIZ] et al., 2010)_
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Results

Overview of the study population

A total of 50045 individuals were enrolled in this prospective cohort study. We excluded 55
individuals diagnosed as having any type of cancer at the time of enrollment, and 2404 (4.80
%) subjects with a BMI <18.5 kg/m2. Eventually, 47586 participants were included in the
final analysis. The median follow-up period was 12.3 years (IQR: 10.5-13.2). A total of 933
participants (557 men and 376 women) developed one of the GI cancers during the follow-
up: 352 cases of esophageal squamous cell carcinoma (ESCC), 352 cases of gastric cancer,
136 cases of colorectal cancer, and 93 cases of pancreatic cancer. Over the follow-up time,
1189 participants presented with other cancers (Figure 1).

Baseline characteristics of the cohort are presented in Table 1. BMI, WC, WHR, and other
characteristics of the participants at the time of enrollment are presented by each of the
above - mentioned GI cancer types, other cancers, and no cancers.

Overall body size and cancer risk

The associations between BMI and site-specific incidence of Gl cancers are presented in
Table 2. The risk of occurrence of Gl cancers was calculated for each 1SD increase in BMI
in the unadjusted and fully-adjusted models. After adjusting for all the potential risk factors,
a significant inverse association was observed between BMI and incident ESCC in women
(HR: 0.67, 95% ClI: 0.56-0.81), but this association was not statistically significant in men
(HR: 0.84, 95% CI: 0.70-1.00).

Moreover, no significant association was observed between BMI and incident gastric,
colorectal, and pancreatic cancers among men and women. We further examined the impact
of BMI on gastric cancer stratifying by the site. There was no significant association
between BMI and the incident gastric cardia cancer neither in the women (HR: 1.20, 95%
Cl: 0.93-1.56) nor in the men (HR: 1.18, 95% CI: 0.10-1.40) (Supplementary Table 1).

Central obesity and cancer risk

Sex-stratified results of WC association with site-specific incidence of Gl cancers are
presented in Table 2. The risk was calculated for each 1SD increase in WC in the unadjusted
and fully-adjusted models. In women, WC was associated with a significant reduction in
ESCC risk after adjustment for other risk factors (HR: 0.71, 95% CI: 0.60-0.84). In men, the
inverse association between WC and incident ESCC attenuated after adjusting for other
potential risk factors (HR: 0.87, 95% CI: 0.74-1.02). Moreover, there was no significant
association between WC and incident gastric, colorectal, and pancreatic cancers among men
and women. We further examined the impact of WC on gastric cancer stratified by the
cancer site. There was no significant association between WC and incident gastric cardia
cancer either in women (HR: 1.15, 95% CI: 0.88-1.51) or in men (HR: 1.13, 95% CI: 0.95-
1.34) (Supplementary Table 1).

We also evaluated the relationship between WHR and site-specific incidence of Gl cancers
in men and women. The results are presented in Table 2. The risk for the occurrence of Gl
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cancers was calculated for each 1SD increase in WHR in the unadjusted and fully-adjusted
models. In women, WHR was associated with a significant reduction in the risk of ESCC
after adjustment for other potential risk factors (HR: 0.80, 95% CI: 0.68— 0.94). In men, the
inverse association between WHR and ESCC incidence attenuated after adjusting for other
potential risk factors (HR: 0.90, 95% CI: 0.77-1.04). Upon adjusting for the risk factors,
WHR significantly increased the risk of gastric cancer (HR: 1.24, 95% CI: 1.01-1.51) and
colorectal cancer (HR: 1.39, 95% CI: 1.08-1.78) in women. However, no significant
association was observed between WHR and the incident gastric, colorectal, and pancreatic
cancers in the men. When we assessed the impact of WHR on gastric cancer stratified by the
cancer site, we found no significant association between WHR and gastric cardia cancer
either in women (HR: 1.27, 95% CI: 0.99-1.65) or in men (HR: 1.07, 95% CI: 0.90-1.26)
(Supplementary Table 1).

Combination of BMI and WC in predicting common Gl cancers

Since BMI and WC have a strong correlation as indicators of obesity, we categorized the
participants into four groups based on BMI and WC (low WC/non-obese, low WC/obese,
high WC/non-obese, and high WC/obese) and calculated the hazard ratios of Gl cancers,
using the low WC/non-obese group as the reference category. The risk for each incident
cancer in obese participants did not show a significant difference between high and low WC
groups (Figure 2).

Discussion

In this large cohort of Iranian people, each 1 SD increase in all obesity measures (BMI, WC,
and WHR) was associated with a significant reduction in the risk for incident ESCC in
women, adjusted for other potential risk factors. Moreover, each 1 SD increase in WHR was
significantly associated with increases in the risk of incident colorectal and gastric cancers in
women. However, we found no significant association between general or central obesity
measures and the main GI cancers in the men. In this population, obesity is more common in
women than in men, and a previous report from GCS study indicated that women in this

region had a higher mean WHR compared with women in many other populations
(Bahrami etal., 2006)_

Esophageal squamous cell carcinoma

Although esophageal adenocarcinoma (EADC) is considered to be an obesity-related disease
(Enzinger and Mayer, 2003) 1o,y BMI has been demonstrated to be associated with the ESCC
risk (Smithetal., 2008y The cyrrent study indicated in addition to BMI, increased WC and
WHR are also associated with significant reductions in the risk for ESCC in women. Several
studies have showed inverse associations between BMI and ESCC risk

(Steffen etal., 2009,Lahmann et al., 2012,Song et al., 2017,Cho et al., 2019),but only a few have
investigated the relationship between central obesity and incident ESCC. A large humber of
studies demonstrated that obesity is associated with a significant reduction in the risk of
ESCC (Smith etal., 2008,Clinton etal., 2020y and a few others indicated female sex hormones may
protect against the development of ESCC

(Gallus et al., 2001,Freedman et al., 2010,Bodelon et al., 2011)_ On the other hand, obesity is associated
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with excessive production of estrogens due to the elevation of aromatase enzyme expression
in adipose tissue (Siiteri: 1987) ‘and the enhanced aromatase activity stimulated by pro-
inflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis factor a (TNF- a.)
(Siiteri, 1987) ‘Moreover, obesity-associated reduction in sex hormone-binding globulin
(SHBG) capacity can further increase the levels of free biologically active estrogens

(Siiteri, 1987 Wallace etal., 2013) ‘Thys, the protective role of obesity on incident ESCC in
women might be mediated by estrogen. Studies investigating the mechanisms by which sex
hormones affect ESCC have demonstrated that the estrogen receptor (ER) and androgen
receptor (AR) are expressed in the ESCC tissues (Kalayarasan etal., 2008,Zhang et al., 2015)
Moreover, some in-vitro study have showed that estrogens may inhibit cell growth in ESCC
while testosterone could enhance it (Matsuokaetal., 1987) 'Fyrthermore, estrogens are thought
to exert anti-inflammatory effects on the adipose tissue, which may protect women from
obesity-associated diseases (Brown etal., 2010y

In our study, BMI, WC, and WHR were associated with a significant reduction in ESCC risk
in men in unadjusted models. This effect disappeared after adjustment for other potential
risk factors of ESCC including hot tea, opium addiction, vegetable consumption, educational
level, and socioeconomic status (Sheikh etal., 2019y ‘Risk factors such as hot tea and opium are
more frequently used by men in this region, and they may overcome the protective effect of
obesity on ESCC risk in men.

Gastric cancer

Data regarding the association between obesity and gastric cancer risk are heterogeneous.
One previous study showed that overweight and obesity are associated with an increase in
the risk for gastric cancer only in men (Yand etal., 2009) while another found positive
associations in both men and women (Turati etal., 2013 Similar to our findings, the results
from a more recent meta-analysis showed that increasing BMI is not a clear risk factor for
gastric cancer (Chenetal., 2013y “AjJthough limited, the evidence from a few meta-analyses
suggest the potential role of central obesity in the etiology of gastric cancer

(Puetal., 2017 Lee etal., 2018 | jkewise, our study showed that WHR is associated with a
marginally significant increase in the risk of gastric cancer in women. Gastric cardia cancer
has been listed as an obesity-related cancer by IARC (Lauby-Secretan etal., 2016y byt there is
not sufficient evidence for an association between obesity and gastric non-cardia cancer
(Lauby-Secretan etal., 2016y \When we restricted our analysis to the participants who developed
gastric cardia cancer (n= 217), we still found no significant association with obesity
measures either in women or in men. This finding could be explained by the regional and
racial variations in the etiology of gastric cancer (Balakrishnan etal., 2017) ‘NMoreover, gastric
cancer is highly dependent on diet (Rawlaand Barsouk, 2019) ‘and the substantial regional
variation in the incidence of gastric cancer has been partly attributed to dietary factors
(Tsugane and Sasazuki, 2007,Rawla and Barsouk, 2019). In Iran, the highest incidence of gastric
cancer has been reported in Ardabil Province where the consumption of specific foods or
snacks (e.g. black Halva, roasted/salted seeds) is common (Babaei etal., 2009) ‘On the other
hand, results from more recent studies have indicated that metabolically abnormal obesity
(MAO), but not metabolically healthy obesity (MHO), increased the risk for incident gastric
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cancer (Hamaguchi etal., 2019,Hashimoto etal., 2020) Thijs distinction may be an important
consideration when assessing the association between obesity and gastric cancer risk.

Colorectal cancer

Although obesity is a well-established risk factor for incident colon cancer, data on the
differential effects of central obesity or general body size are inconsistent

(Moore et al., 2004,Keimling et al., 2013,Karahalios et al., 2016). Results from the Framingham study
indicated that the association between BMI and colon cancer diminished after adjusting for
WC while the same thing did not happen when WC effects were adjusted for BMI

(Moore etal., 2004y ' A recent meta-analysis has showed that the role of WC and WHR on colon
cancer incidence is considerable (PO etal., 2017) “However, another recently published study
found no significant association between BMI and colon cancer risk in both sexes while WC
was shown to be a better predictor of colon cancer risk in men (Andreasson etal., 2019) p gyr
study, WHR was significantly associated with colorectal cancer risk in women. The lack of a
significant association among men in our study may be explained by the lower prevalence of
obesity compared to women in our population. It has also been proposed that weight change
may be a better predictor of colorectal cancer (CRC) in men (Kim and Giovannucci, 2017
However, since in our cohort anthropometric measures were assessed only at baseline,
changes in obesity measures over time could not be examined.

Pancreatic cancer

A meta-analysis has showed that both general and central obesity increase pancreatic cancer
risk (Aune etal,, 2012y ‘However, another prospective cohort study, found no convincing
evidence that BMI is associated with pancreatic cancer risk (Kuzmickiene etal., 2013y The
association between BMI and pancreatic cancer has been inconsistent in Asian populations.
Pooled data from cohort studies with a considerable number of Japanese participants
revealed a significant positive association between obesity and pancreatic cancer risk among
men (Koyanagi etal., 2018) ‘However, a meta-analysis aimed to reveal population-specific
associations between BMI and cancer incidence did not find any association between
increased BMI and pancreatic cancer incidence in the Asia—Pacific population

(Wang etal., 2016by ' Although moderate, the magnitude of the association between obesity and
pancreatic cancer was enough to be listed as an obesity-related cancer by IARC. The reason
why we could not find any significant association between obesity and pancreatic cancer
might be due to the small number of pancreatic cancers in this study.

Strengths and limitations

The strengths of this study include its prospective design and a large number of participants
with a low rate of loss to follow- up (1%). Misclassification of exposures has been
minimized as anthropometric indices were measured at baseline by trained personnel at the
referral center, in contrast to the self-reported data used in several previous studies. A
comprehensive assessment of all obesity measures is another strength of this study.
Moreover, we had relatively comprehensive information on the main risk factors for
common Gl cancers. However, we did not have longitudinal data to account for changes in
the anthropometric variables over time.
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Conclusions

This study confirmed an inverse association between general and central obesity and ESCC
risk in women. Moreover, central obesity measures were significantly associated with the
incidence of colorectal and gastric cancers among women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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50045 subjects were enrolled in this study

55 subjects were
excluded due to the
cancer diagnosis at

the time of enrollment

2404 subjects were
excluded due to —
having BMI<18.5

147586 subjects were followed for a median period of 12.3 years|

45464 subjects did

not develop cancer

Figure 1.

933 subjects developed one of

the common Gl-cancers *1189 subjects developed
namely: esophagus, colorectal, other cancers

stomach, or pancreas

Flow diagram of the study population.
*These participants have been censored after the diagnosis of cancer. Gl-cancers;
gastrointestinal cancers.
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Figure 2.

Hazard ratio for common GI cancers by WC and BMI groups. Models are adjusted for age,
sex, marital status, education level, socioeconomic status, smoking, opium use, alcohol use,
area of residence (rural/urban), history of DM, consumption of vegetables, hot tea (only for
esophagus cancer). Low WC (WC <90 ¢cm), High WC (WC = 90 cm). Obese (BMI: 25-35
kg/m?2), Non-obese (BMI < 25 kg/m?2). GI; gastrointestinal, BMI; body mass index, WC:

waist circumference.
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Adjusted Cox proportional hazard ratios for incident individual Gl cancers per SD of BMI, WC, and WHR.

variable Total Male Female
Crude adjusted Crude adjusted Crude adjusted
Esophagus
BMI 0.584 0.732 0.640 0.836 0.587 0.672
(0.515,0.663) (0.639,0.839) (0.540,0.759) (0.699,1.001) (0.493,0.699) (0.557,0.809)
wcC 0.701 0.780 0.721 0.868 0.698 0.708
(0.628,0.782) (0.693,0.878) (0.617,0.842) (0.737,1.022) (0.598,0.815) (0.599,0.837)
WHR 0.912 0.842 0.839 0.896 0.988 0.795
(0.821,1.014) (0.752,0.942) (0.723,0.974) (0.769,1.044) (0.851,1.147) (0.676,0.936)
Stomach
BMI 0.816 1.150 0.958 1.116 0.996 1.172
(0.730,0.913) (1.017,1.299) (0.846,1.086) (0.977,1.274) (0.817,1.215) (0.959,1.434)
wcC 0.999 1.122 1.013 1.094 1.132 1.170
(0.899,1.109) (1.003,1.255) (0.896,1.146) (0.960,1.246) (0.931,1.377) (0.954,1.436)
WHR 1.200 1.145 1.123 1.094 1.445
(1.083,1.329) (1.025,1.279) (0.993,1.271) (0.964,1.241) (1.226,1.703) 1.235(1.010,1.51)
Colorectal
BMI 1.089 1.104 1.173 1.040 1.215 1.139
(0.925,1.282) (0.914,1.333) (0.948,1.451) (0.815,1.327) (0.954,1.547) (0.878,1.478)
WC 1.260 1.174 1.297 1.131 1.211
(1.069,1.484) (0.981,1.406) (1.043,1.614) (0.887,1.441) 1.287 (1.004,1.65) (0.929,1.578)
WHR 1.332 1.255 1.314 1.155 1.385 1.389
(1.138,1.559) (1.051,1.498) (1.052,1.642) (0.907,1.471) (1.107,1.734) (1.082,1.782)
Pancreas
BMI 0.892 1.083 0.948 1.126 0.950 1.032
(0.722,1.103) (0.863,1.358) (0.712,1.262) (0.831,1.524) (0.703,1.284) (0.759,1.403)
wcC 0.988 1.056 0.925 1.096 1.089
(0.806,1.211) (0.852,1.310) (0.696,1.228) 1.005 (0.743,1.36) (0.817,1.469) (0.805,1.475)
WHR 1.220 1.161 1.134 1.324 1.175
(1.000,1.487) (0.941,1.433) (0.857,1.501) 1.138 (0.851,1.52) (1.007,1.740) (0.863,1.600)

Models are adjusted for age, marital status, education level, socioeconomic status, smoking, opium use, alcohol use, area of residence (rural/urban),

history of DM, consumption of vegetables, hot tea (only for esophagus cancer). SDs for total population:BMI: 5.14 kg/mz, WC: 12.97cm, WHR:

0.08. SD for males:BMI: 4.30 kg/mz, WC: 12.48 cm, WHR: 0.07. SD for females:BMI: 5.40 kg/mz, WC: 13.26 cm, WHR: 0.08. GI;
gastrointestinal, BMI; body mass index, WC; waist circumference, WHR; waist-hip-ratio.
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