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1 | INTRODUCTION

Cardiovascular disease (CVD) and cancer are the main leading causes
of death globally and the world's major disease burden. CVD

Nathalie Kliemann® | Matias Noll* |

Cesar de Oliveira’

Summary

Evidence shows a strong relationship between obesity, cancer and cardiovascular
disease (CVD) risk. However, there is not enough evidence of the role of visceral
obesity on both CVD and cancer. Visceral obesity may be more pro-oncogenic than
total body fat. Therefore, it is important to know whether abdominal obesity can lead
to both CVD and cancer. The present integrative review aimed at evaluating epidemio-
logical evidence on the potential connection of visceral obesity in the occurrence of
cancer and CVD. The following databases were searched: SCOPUS, PubMed, Science
Direct, Lilacs, SciELO, Google Scholar, Web of Science, Scopus and ProQuest. The
presence of visceral obesity can increase the risk of some specific cancer types, but
there is controversial evidence about CVD risk based on sex-specific and ageing ana-
lyses. There is enough evidence that visceral obesity increases the risk of colorectal,
pancreatic and gastro-oesophageal cancer. However, for some types of cancer such as
breast, endometrial and renal, visceral obesity is a risk only in post-menopausal women.
Regarding prostate cancer, the evidence is controversial. Despite the risk of visceral
obesity being consistently associated with CVD in adults, this association disappears in
sex-specific and older adults analyses. Moreover, in older adults, the results are contro-
versial due to the use of different measures such as waist circumference and visceral
adipose tissue. However, the evidence showing visceral obesity as a risk factor to CVD
remains controversial. Sex differences, ageing and body mass index (BMI) category can
potentially modify this association. Therefore, further epidemiological studies with ana-

lyses stratified by sex and samples including older adults aged 65 and older are needed.
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continues to be the most prevalent non-communicable disease. There
is growing consensus that obesity represents an important risk factor
for both of these conditions. Obesity is increasing worldwide, and it is

the most prevalent nutrition-related disorder in Western countries.!
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According to a recent report by the International Agency for Research
on Cancer (IARC), which analysed more than 1000 epidemiological
studies, there is sufficient evidence to classify obesity, measured by
body mass index (BMI), as a causal cause for 13 types of cancers.?
Similarly, a cohort of 3.5 million adults in the United Kingdom has
shown that higher BMI increases risk for coronary heart disease, cere-
brovascular disease and heart failure.®

However, BMI may not be the most adequate measure to assess
obesity, characterized by excessive body weight and fat accumulation.
Individuals with the same BMI may have different amounts of body
fat and visceral fat. Some people can be classified as normal weight
(BMI = 18.5-24.9 kg m~2) as well as with abdominal obesity (waist cir-
cumference over than 102 cm in men and 88 cm in women).}*>
Therefore, the impact of adiposity distribution, mostly visceral obesity
using sex-specific analyses, needs to be further explored. Despite the
vast number of scientific papers on incident CVD and obesity, there
are still some questions to be answered. Would an adipose distribu-
tion measure be more consistently associated to CVD risk than BMI?
Do existing anthropometric measures explain the same CVD risk as
the body composition variables measuring visceral adipose tissue? Is
the impact of visceral obesity the same in men and women?

Unfortunately, there is not enough evidence for the role of
abdominal obesity on cancer and CVD. Evidence of the effect of vis-
ceral obesity on the occurrence (incidence or prevalence) of both can-
cer and CVD in the same study is also scare.®~® Visceral obesity can
be more pro-oncogenic than total body fat and is related to car-
diometabolic conditions such as insulin resistance, diabetes, metabolic
syndrome, hypertension and dyslipidaemia.” Therefore, it is relevant
to explore whether abdominal obesity can lead to both CVD and can-
cer, independently of total adiposity or BMI category. The objective of
this study is to evaluate the epidemiological evidence on the associa-

tion between visceral obesity and the incidence of cancer and CVD.
2 | METHODS

An integrative literature review was conducted. Observational studies,
clinical trials and reviews exploring the role of visceral obesity on the
occurrence of cancer and CVD were included. We considered as CVD
the group of heart and blood vessels disorders including hypertension,
coronary heart disease, cerebrovascular disease, peripheral vascular
disease, heart failure, rheumatic heart disease and cardiomyopathies.*

Currently, various studies are using BMI as a synonymous of adi-
posity measure. However, they measure different dimensions. We
clarify in our review the differences between BMI, adiposity and vis-
ceral fat/obesity. BMI measures the excess of weight per height, but
it is not the same of adiposity, which means the excess of body fat.
Regarding visceral fat or visceral obesity, there are more appropriate
anthropometric measures to evaluate it, such as waist circumference
(WC), hip circumference (HP) and waist-hip ratio (WHR). There are
also body composition methods to analyse visceral fat or total body
fat, such as computed tomography and ultrasound.

An electronic search was performed using the following data-
bases: SCOPUS, PubMed, Science Direct, Lilacs, SciELO, Google

Scholar, Web of Science, Scopus and ProQuest. No language or year
of publication restrictions were imposed. We analysed both titles and
abstracts to decide whether a study could be included in our review.
Articles were included if they fulfilled the following criteria: being
peer-reviewed and/or research-based, investigating the association in
adults and/or older adults and met the search criteria. Studies with
incomplete data were excluded.

We described and analysed the evidence from epidemiological
studies focusing on visceral obesity as a potential risk factor for both
cancer and CVD. Preference was given to well-conducted observa-
tional epidemiological studies, mainly case-controls and cohort stud-
ies, that evaluated as outcome the incidence of cancer in general,
specific types of cancers (breast, prostate, endometrial and others)

10-15 16,17

and/or CVD. Few systematic reviews and umbrella reviews

about both outcomes were also found.
3 | RESULTS

We summarized the evidence in two tables. Table 1 shows the associ-
ation between visceral obesity with specific types of cancer, and
Table 2 displays the association between visceral obesity with CVD.
We highlighted in dark grey the non-significant associations between
visceral obesity with cancer and/or CVD and in light grey protective
significant associations.

In some of the included studies, visceral obesity was not the main
independent variable (Tables 1 and 2), but it was instead included as a
confounder variable or used as part of a group of variables to
define/diagnosis the main independent variable such as metabolic
syndrome (MetS).2%*8-21 However, visceral obesity is more appropri-
ate to investigate obesity-related health risks. Therefore, it was chal-
lenging to explore the role/connection of visceral obesity with both
CVD and cancer. Only one epidemiological study, that is, the Framing-
ham cohort, analysed the relationship between visceral obesity and
both CVD and cancer.® Other cohort studies analysed the risk of CVD
in cancer patients, for example, breast cancer. This is called cardio-
oncology field,?? a new cross-disciplinary field aiming to mitigate CVD
morbidity and mortality in cancer patients.

MetS has been consistently associated with the risk of CVD, and
recently, some studies investigated its association with several types
of cancers, showing also a positive association.®'8-2° The prevalence
of MetS is increasing worldwide and, consequently, the number of
studies on its association with health outcomes. Some of the MetS
components such as abdominal obesity, diabetes, hypertension and
hyperlipidaemia had been associated with CVD and different types of

cancer, most of them being sex specific.

3.1 | Evidence on the link between visceral obesity
and the incidence of overall and specific types of
cancer

A few prospective studies have investigated the association between
multicancer sites and visceral adiposity. Two cohorts, one in Europe
and another in the United States,®?® analysed the association
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SILVEIRA ET AL.

OBESITY

TABLE 2
adults

Author/year

Design population

Anthropometric measures—All sample

Chan (2007)%®

The Emerging
Risk Factors
Collaboration
(2011)>

van Wijk (2016)>*

Feliciano (2017)%?

Aune (2016)>¢

Case control study
Hong Kong, China
Presence of CAD
(n = 206)
Control group general
population (n = 207)

Cohort—collaborative
analysis of 58
prospective studies

221 934 people in 17
countries 14 297
incident
cardiovascular disease
outcome

Cohort—European
Prospective
Investigation of
Cancer-Norfolk 7279
participants

EPIC-Norfolk—
10-country
collaborative EPIC
study

Cohort—population of
Kaiser Permanente
Northern California
(KPNC)

3109 early-stage breast
cancer (stage I-11l)
18 to 80 years without

pre-existing CVD

Follow-up 8.28 years

Systematic review and
meta-analysis of
prospective studies

23 prospective studies

>15 905 incident cases

647,388 participants

Outcome

Coronary artery
disease

First-onset
cardiovascular
disease

Coronary heart disease

Cardiovascular disease
(CVD) among breast
cancer patients

Heart failure

Anthropometric measures—Sex-specific and BMI class analyses

Li (2006)°2

Carlsson (2013)>*

Prospective
population-based
study, Malmo,
Sweden

7 years follow-up

10 369 men and 16 638
women

45-73 years old

Population-based
study—the Malmé

Incidences of
first-cardiac event
(CE) and ischemic
stroke

Cardiovascular disease

Visceral obesity
measurement

WC 2 91.4 cm for men
or 281.3 cm for
women

wC
WHR

WC 2 102 cm in men
and 289 cm in women

WC—comparing 100 vs.
80 cm

WC—10-cm increase
WHR—O0.1-unit increase

WHR
Cut-off points for
tertiles of WHR

wC
WHR

Visceral obesity results

WC
OR =2.29 (1.29-3.72)

After adjustment:

wC

HR = 1.10 (1.05-1.14)
WHR

HR = 1.12 (1.08-1.15)

Stratified by C-reactive
protein levels
(22mg LY

WC

HR = 1.38 (1.08-1.75)

HR: 1.93 (1.31-2.84)

WC increased risk of
CVD, independent of
pre-existing risk
factors.

wWC

RR =1.29 (Cl 1.21-1.37)
WHR

RR =1.29 (Cl 1.13-1.47)

WHR after adjustments
Men

Normal weight

RR =1.24(1.13-1.37)
Overweight

RR = 1.06 (0.94-1.20)
Obesity

RR = 1.04 (0.87-1.24)
Women

Normal weight
RR=1.24(1.11-1.39)
Overweight

RR = 1.31 (1.18-1.4¢)
Obesity

RR =1.27 (1.07-1.51)

CVD risk
factor-adjusted:

_WILEY_L_*

Epidemiological evidence on the association between visceral obesity and incident cardiovascular disease in adults and/or older

Summary
WC
Overall—risk
Overall
WC—risk
WHR—risk
WC
Overall—risk
WC

Women—risk

Overall
WC—risk
WHR—risk

WHR
Men—risk in
normal
weight
Men—NS in
overweight
Women—risk
in normal
end
overweight

Men
WC—NS

(Continues)
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TABLE 2

Author/year

Carlsson (2014)>°

SILVEIRA ET AL.

(Continued)

Design population Outcome

Diet and Cancer
study-cardiovascular
cohort

1751 men and 1990
women, aged 60 years
without CVD at
baseline

11 years of follow-up

Cohort CVD
N 3741 (53% women) All cases of fatal and
60-year old without nonfatal

CVD followed for

11-years

Body composition variables

Fox (2007)%*

Mahabadi
(2009)*”

Britton (2013)°

Systolic and diastolic
blood pressure (SBP)
and (DBP)

Framingham Heart
Study—
population-based

3001 participants free
of clinical
cardiovascular disease

Mean age 50 years

Prevalence of
cardiovascular
disease (CVD).

Framingham Heart
Study Offspring
cohort

1267 participants

Mean age 60 years

Cohort

Framingham Heart
Study n = 3086, 49%
women, mean age
50.2 years

Incident cardiovascular
disease

Visceral obesity
measurement

Waist-hip-height ratio
(WHHR)

W(C-to-height ratio
(WCHR)

SAD-to-height ratio
(SADHR)

Sagittal abdominal
diameter (SAD)

WHR

WC

Sagittal abdominal
diameter (SAD)

Waist-hip-height ratio
(WHHR)

Visceral adipose tissue
(VAT)

Measured by computed
tomography

VAT by computed
tomography

VAT by computed
tomography

Visceral obesity results

Men

WC, WHR and WCHR
were not associated

SAD 1.16 (1.02-1.30

WHHR 1.19 (1.05-1.36)

SADHR 1.19
(1.07-1.32)

Women

Only WHHR 1.20
(1.01-1.43) was
associated

Women normal weight
(BMI < 25)
WHR 1.91 (1.35-2.70)
WC 1.81 (1.02-3.20)
SAD 1.25 (0.74-2.11)
WHHR 1.97 (1.40-2.78)
Men normal weight
(BMI < 25)
WHR, WHHR and WC
were not associated
SAD only associated
CVDHR=1.19
(1.04-1.35)
Adjustments for
established risk
factors.
Women
overweight/obese
None of the measures
were significantly
associated.
Men overweight/obese
All measures were
significant predictors
WHR 1.24 (1.04-1.47)
WC 1.19 (1.00-1.42)
SAD 1.21 (1.00-1.46)
WHHR 1.23
(1.05-1.44).

VAT was associated
with SBP and DBP
(p = 0.0001) in men
and women

VAT

OR =1.23(0.92-1.63)
adjustment for
traditional risk factor

VAT

HR 1.44 (1.08-1.92)
By sex

VAT

Summary

WHR NS
WCHR—-NS
SAD—risk
WHHR—risk
SADHR—risk
Women
WC-NS
WHR NS
WCHR—NS
SAD—NS
WHHR—risk
SADHR—NS

Women normal
weight
WHR—risk
WC—risk
SAD—risk
WHHR—risk
Women
overweight
WHR—NS
WC—NS
SAD—NS
WHHR—NS
Men normal
weight
WHR—-NS
WC—NS
SAD—risk
WHHR—NS
Men
overweight
WHR—risk
WC—risk
SAD—risk
WHHR—risk

VAT
Overall—risk

VAT
Overall—NS

VAT
Overall—risk
Women—NS
Men—risk
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TABLE 2 (Continued)

Author/year Design population Outcome

Followed up 5.0 years

Kouli (2017)>° Fatal/nonfatal CVD

incidence

Prospective study in
Europe—ATTICA
study

3,042 adults

10 years follow-up

Body composition and anthropometric measures

Nicklas (2004)¢° Health, Ageing and Body  Incident myocardial
Composition Study infarction (M)
Follow-up 4.6 years Fatal or nonfatal
Men (n = 1,116), women
(n=1,387)
Aged 70-79 years
Jasper (2017)>8 ‘SMART’ cohort— Vascular events

secondary Fatal or nonfatal

manifestations of
arterial disease
Follow-up 6.8 years,
1767 patients,
18-79 years old

between overall cancer with body composition variables, visceral adi-
pose tissue (VAT) and trunk-to-peripheral fat (TPF) ratio using com-
puted tomography (CT) and body dual-energy X-ray (DXA) (Table 1).
In both cohorts, VAT and TPF, after adjustment for clinical risk factors
and BMI, were associated to overall cancer risk in all participants.
However, this association remained significant only among men after
stratification by sex. The European cohort?® also found that respira-
tory and gynaecological cancer were associated with abdominal obe-
sity, whereas gastrointestinal cancer was not. In contrast, a cohort
with Chinese women that analysed overall cancer, ovarian, endome-
trial and postmenopausal breast cancer did not find an association
with visceral obesity measured by WHR.2* An umbrella review'® that
analysed 36 cancer sites using WC and WHR as visceral obesity mea-
sures found the following associations: WC and WHR with colon can-
cer in all participants, men and women; WC and WHR with pancreatic
and endometrial cancer; and WC with ovarian cancer. The other
32 cancer sites were not associated with visceral obesity measured by
WC and WHR, which may be a consequence of multiple test

Visceral obesity

_WILEY_L_®

measurement Visceral obesity results Summary
Women 1.04
(0.65-1.65)
Men 1.66 (1.16-2.39)
Visceral adiposity index After adjusting for VAI
(VAlby CT multiple confounders, Overall—risk
VAI Women—NS
OR =1.05(1.01-1.10) Men—NS
Men
HR =1.06 (1.00-1.11)
Women
HR = 1.06 (0.96-1.10)
WwWC Women Women
waist-to-thigh ratio WC and WTR were not WC—-NS
(WTR) associated WTR—-NS
VAT (per 66.23-cm? VAT VAT —risk
increase) HR = 1.67 (1.28-2.17) VAT/SAT —risk
VAT/SAT (per 0.30 VAT/SAT area VAT/fat mass—
increase) HR = 1.42(1.08-1.87) risk
VAT/fat mass (per 2.17 VAT/fat mass Men
increase) HR = 1.67 (1.20-2.31) WC—-NS
Computed tomography Men WTR—NS
No association were VAT—NS
observed WC, WTR, VAT/SAT—NS
VAT and VAT/SAT VAT/fat mass—
NS
WC WC WC
VAT%—visceral fat to Men Men—NS
total abdominal fat HR = 1.13 (CI Women—NS
measured by 0.97-1.32) VAT—NS
ultrasound Women
HR = 1.00 (CI
0.76-1.32)
VAT%

HR = 1.15 (0.99-1.34)

corrections, because studies investigating the association between
visceral adiposity and each cancer site separately showed more posi-
tive associations.

Several studies analysed the association between colorectal can-
cer and visceral obesity using body composition,?>2¢ anthropometric
measures such as WC and WHR?”28 or both??° methods (Table 1).
An increase in visceral adiposity was associated with colorectal ade-
noma risk in the general healthy population.®° These studies, including
a meta-analysis of 12 observational studies, found an association
between colorectal adenoma and colorectal cancer with visceral obe-
sity measured by VAT or visceral fat area.?>2¢27:% | this meta-analy-
sis, every 25-cm? increase of VAT resulted in 13% more risk of
colorectal adenoma. Visceral obesity measured by WC was associated
in some studies?®*° but not in others®” with colorectal cancer. A
recent systematic review of prospective studies?’ found a positive
association between colorectal cancer and WC and between colorec-
tal adenoma and WHR. There is clear evidence linking visceral obesity

measured by body composition or anthropometric measures to
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colorectal cancer. Based on the existing evidence, the World Cancer
Research Fund (WCRF) and the American Institute of Cancer have
classified body fatness as a risk factor for colorectal cancer.3!

The evidence for the association between prostate cancer and
visceral obesity show conflicting results. WC and WHR were associ-
ated with prostate cancer in the European Prospective Investigation
into Cancer and Nutrition (EPIC) study, including data from eight
countries.!” However, a study using data from Italian men with mod-
erate to high cardiovascular risk did not find an association between
WC and prostate cancer.*® In a Canadian case-control study, WC was
a protective factor to prostate cancer after adjustment for potential
confounders (OR = 0.70 [0.60-0.82]).%° Prostate cancer and its associ-
ation with visceral obesity have been evaluated only by anthropomet-
ric measures such as WC and WHR and the data are still very
controversial. In line with this, the WCRF classified as ‘probable’ the
current evidence for the association between body fatness, including
WC and WHR measures, and prostate cancer.®! There is still no evi-
dence of an association between visceral obesity and prostate cancer.

Globally, breast cancer is the most incident type of cancer in
women. The overall prevalence of obesity, measured by BMI, is also
the highest in women. The association between breast cancer and vis-
ceral adiposity has been investigated in several studies using anthro-
pometric measures such as WC and WHR, that is, the ORDET cohort,
EPIC, AMBER Consortium, Sister Study and a meta-analysis. 11132734
In premenopausal women, breast cancer was not associated with
WC,11193234  only  with  WHR in

tumours.3® Similarly, a meta-analysis and the Sister Study,*** which

Estrogen receptor-positive
stratified analyses by body status, WC and WHR were not associated
with premenopausal breast cancer. On the other hand, in postmeno-

pausal women, although WC was not associated in two studies,?3?

a
meta-analyses found a positive association,'! despite the small magni-
tude of the effect (RR = 1.06 [1.04-1.09]). In the Sister Study, the
most recent study and with the largest sample investigating this topic,
WC and WHR were associated with breast cancer in postmenopausal
women classified as normal or overweight/with obesity..3* Like other
well-known risk factors for breast cancer, there are also differences
between postmenopausal and premenopausal risk for visceral obesity.
These results suggest that high WC and WHR are not important risk
factors for breast cancer among premenopausal but increase consider-
ably the risk in postmenopausal despite overall adiposity.

The associations between endometrial cancer and visceral adipos-
ity, assessed by WC, WHR and HC, were positive in all studies includ-
ing an umbrella review.%353% The exception was the Black Women's
Health Study,37 a cohort of almost 48 000 black women, which did
not find an association between endometrial cancer and WHR, WC or
HC. Similarly to the findings with breast cancer, visceral obesity was
associated with increased risk of endometrial cancer in postmeno-
pausal women independently of their BM|.2334.35:38

Pancreatic cancer was also positively associated with visceral
obesity, measured by WC and WHR, in a systematic review.?*37 Simi-
lar association was observed for WHR but not for WC in the
Women's Health Initiative study.*® There is strong evidence

suggesting that visceral obesity increases the risk of pancreatic

cancer. However, it is important to conduct sex-specific analyses to
support such evidence.

Regarding gastro-oesophageal cancer, a systematic review
showed that higher WC and WHR were associated with all subtypes

of gastric and oesophageal cancers'**!

even after adjustment for
BMI.*> HP does not show the same association probably because it
does not measure visceral fat but obesity pear-shaped body, that is,
more fat tissue around the hips than in the abdomen itself.

The association between renal and visceral adiposity shows con-
flicting results. Renal cancer was found to be associated in postmen-
opausal women with WHR® and with WC in the EPIC study.*®
Among men, visceral obesity measured by WC, WHR and HC were
not associated to renal cancer. However, a recent article showed a
positive association between WC and kidney cancer in 23.3 million
East Asians.**

There is also some evidence on the association between other
types of cancer such as ovarian® hepatocellular, gallbladder,
intrahepatic/extrahepatic bile duct system,*® bladder and urothelial,?°
Hodgkin's lymphoma, multiple myeloma,*” lung,*® head and neck can-
cer*? and visceral adiposity. All these studies used conventional
anthropometric measures, that is, WC, WHR and HC, and also

).4¢ However,

included new ones such as waist-to-height ratio (WHtR
none had included body composition variables. WC was positively
associated with ovarian,** hepatocellular carcinoma,*® gallbladder

2046 yrothelial carcinoma of the bladder,?° lung,*® head and

cancer,
neck® and thyroid cancer,®® whereas WHR was associated with
hepatocellular carcinoma,*¢ gallbladder cancer,*® head and neck®® and
lung cancer,*® even after adjustment for smoking status. Visceral obe-
sity evaluated by WC was no associated with intrahepatic extrahe-
patic bile duct system,*® Hodgkin's lymphoma and multiple
myeloma.*” WHtR was strongly associated with hepatocellular carci-
noma.*¢ The identification of visceral obesity risk in several types of
cancer is important in order to determine the specific targets of pre-

ventive public health programs.

3.2 | Evidence of visceral obesity on incident CVD
Obesity is a well-known risk factor of CVD in adults, and in this sec-
tion, we investigate the evidence on visceral obesity and CVD. Most
studies included in this review article had used anthropometric mea-
sures, mainly WC and WHR, to evaluate the association between
CVD risk and visceral obesity?228>1-5% (Table 2). There were studies
that used body composition measured by computed tomography,
DXA or ultrasound.®>”=5% VAT is the most used body composition
variable to describe visceral fat. Fewer studies had used both methods
to analyse visceral obesity.2%>8

A positive association between WC and WHR with CVD risk
(heart failure, coronary artery disease or CVD risk factor) was found in
few cohort studies and in a systematic review.22285133.56 However,
in three cohort studies that performed sex-specific analyses, the asso-
ciation between WC and myocardial infarction®® or CVD risk®*°® dis-

appeared in women and not significant in men. A similar pattern was
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observed for WHR and CVD risk, which was not associated in both
sexes.”® The findings, however, from cohort studies that analysed vis-
ceral obesity with more sophisticated methods of body composition,
such as computed tomography, the variables VAT or visceral adiposity
index (VAI) were associated with CVD®22%8-¢C in all participants.
However, when the analysis was stratified by sex, VAT remained

k2% in both men and women, but it

6,59

associated with blood pressure ris|
was not associated with CVD risk in women®~” in two cohorts.

In addition to the importance of sex-specific analyses in under-
standing the association between CVD risk and visceral obesity using
anthropometrics or body composition methods, the influence of age-
ing should also be considered. The Health, Aging and Body Composi-
tion Study®® with individuals aged 70 and older did not find an
association for WC and myocardial infarction risk in both men and
women. However, they found an association with VAT in all partici-
pants. In contrast, in the Framingham Heart Study Offspring
cohort,®” mean age was 60 years old; VAT was not associated with
CVD risk. The impact of visceral obesity in CVD remains controver-
sial in older adults.

Other significant question is about the influence of nutritional
status in visceral obesity associated with incident CVD. It is also
important to stratified data by nutritional body status and sex. A
Swedish cohort®? stratified their analyses of WHR by sex and BMI
and found that the highest tercile of WHR was associated with CVD
in women independent of BMI class and in men only among those
classified as normal weight. In contrast, another cohort® found that
WC and WHR were associated with CVD only among women with
normal BMI and in overweight and men with obesity.

In most studies, visceral obesity was defined based on anthropo-
metric measurements, but with variations in their anthropometric
assessment methods, mainly anatomical points used and different cut-
off points. These differences across studies can affect the accuracy
and comparisons between them as well as the understanding of which
specific body size measures, that is, WC or WHR better identifies
those at high risk for different types of cancer. There is also evidence
of several sex-specific associations between visceral obesity and sev-
eral types of cancer that used sex-specific cut-offs sometimes and did
not other times. Regarding the anatomical points, we observed a great
variation in measurements for WC: narrowest point between the iliac
crest and the lower rib,3? midpoint between the lowest rib and the
top of the iliac crest®*>*>8 and narrowest torso circumference®®
2 cm above umbilicus.?° It is important to use standard measures and
cut-offs for the same anatomical point to improve results.

The anthropometric measurements were the most widely used
methods to define abdominal obesity, that is, WC and WHR. On one
hand, this is a positive aspect because they are the most accessible
and cheaper methods to be used in clinical settings and in the general
population compared with body composition methods. However, the
specific body composition components are more relevant to under-
stand how the visceral obesity can affect both CVD and cancer risks.
Body composition methods are more accurate than a single anthropo-
metric measurement to assess the components of visceral obesity:
SAT and VAT. WC reflects both.

4 | CONCLUSIONS AND FUTURE
RESEARCH

This integrative review aimed to investigate further the role of visceral
obesity on incident cancer and CVD. The impact of visceral obesity on
CVD is overall clear in adults but remains controversial by sex, age
and BMI categories, regardless the method used to measure visceral
obesity. The predictive capacity of different visceral obesity variables
needs further investigation. Moreover, visceral obesity can increase
the risk of some specific cancer types, but there were controversial
findings about CVD risk according to sex specific and in older adults
varying with different measures used such as WC and VAT. There is
enough evidence showing that visceral obesity increases the risk of
colorectal, pancreatic and gastro-oesophageal cancer. However, for
some types of cancer such as breast and endometrial, visceral obesity
is a risk only in postmenopausal women. Regarding prostate and renal
cancer, the evidence is still unclear, and there is a need for more stud-
ies. For certain cancers, such as postmenopausal breast and endome-
trial cancers, it was observed that visceral obesity increased their risk
regardless overall individual's BMI.

Despite the evidence on visceral obesity showing an association
with CVD risk, this association disappears in sex-specific analyses and
in older adults. The link between visceral obesity and CVD risk
remains unclear because sex differences, changes with ageing and
BMI category can modify it. Therefore, further epidemiological studies
with analyses stratified by sex and samples including older adults aged
65 and older are needed.
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