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Abstract

Background: The role of insulin resistance as a mediator in the association of body mass

index (BMI) with site-specific cancer risk has, to our knowledge, never been systemati-

cally quantified.

Methods: Altogether 510 471 individuals from six European cohorts, with a mean age of

43.1 years, were included. We used the triglyceride glucose product (TyG index) as a sur-

rogate measure for insulin resistance. We fitted Cox models, adjusted for relevant con-

founders, to investigate associations of TyG index with 10 common obesity-related can-

cers, and quantified the proportion of the effect of BMI mediated through TyG index on

the log-transformed hazard ratio (HR) scale.

Results: During a median follow-up of 17.2 years, 16 052 individuals developed obesity-

related cancers. TyG index was associated with the risk of cancers of the kidney HR per

one standard deviation increase 1.13, 95% confidence interval: 1.07 to 1.20], liver (1.13,

1.04 to 1.23), pancreas (1.12, 1.06 to 1.19), colon (1.07, 1.03 to 1.10) and rectum (1.09, 1.04

to 1.14). Substantial proportions of the effect of BMI were mediated by TyG index for can-

cers of the pancreas (42%), rectum (34%) and colon (20%); smaller proportions for kidney
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(15%) and liver (11%). Little or no mediation was observed for breast (postmenopausal),

endometrial and ovarian cancer. Results were similar for males and females, except for

pancreatic cancer where the proportions mediated were 20% and 91%, respectively.

Conclusions: The TyG index was associated with increased risk of cancers of the diges-

tive system and substantially mediated the effect of BMI, suggesting that insulin resis-

tance plays a promoting role in the pathogenesis of gastrointestinal cancers.
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Introduction

A large body of epidemiological evidence has established

that excess body weight, both overweight [body mass in-

dex (BMI) of 25.0 to 29.9 kg/m2] and obesity (BMI

�30.0 kg/m2), is a major risk factor for many cancer

forms.1–8 In 2004, Calle and Kaaks9 proposed three bio-

logical candidate mechanisms potentially mediating the

association of excess body weight with cancer risk: (i) in-

creased bioavailability of steroid hormones and altera-

tions in sex hormone metabolism; (ii) adipokine

pathophysiology and systemic (subclinical) inflammation;

and (iii) insulin resistance and bioavailability of insulin-

like growth factor I (IGF1). The pathways triggering the

effect of excess weight might differ between cancer sites.

Whereas in cancers of the female reproductive organs the

effect of BMI might be largely mediated by increased es-

trogen levels, there is mounting evidence for a substantial

mediation through pathways connected to insulin resis-

tance for some gastrointestinal cancers.9–11 There are sev-

eral mechanistic studies investigating these pathways (i.e.

in vitro and animal models).11 In recent years, epidemio-

logical studies with prospective designs also addressed

this question of mediation for some selected cancer

sites.12–15

The logarithmized product of fasting levels of triglycer-

ides and glucose (denoted TyG index) has been suggested

to be a simple measure of insulin resistance.16 Both lipo-

toxicity and glucotoxicity play crucial roles in insulin

resistance modulation, which are reflected in the TyG in-

dex.17,18 The TyG index is highly correlated with the

euglycaemic-hyperinsulinaemic clamp test, the gold stan-

dard for determining insulin resistance (Pearson correla-

tion coefficient q ¼ �0.68 between TyG index and total

glucose metabolism rates as determined by the clamp pro-

cedure19) and thus has validity similar to the frequently

used homeostatic model assessment (HOMA) insulin resis-

tance (IR) index (q ¼ �0.77 between HOMA-IR index and

total glucose metabolism rates as determined by the clamp

procedure19). Thus, due to its easy availability and cost-

effectiveness, the TyG index is a promising surrogate mea-

sure for insulin resistance in large-scale epidemiological

studies.

Given the well-established association of obesity with

cancer risk of various sites and that one of the hypothe-

sized links is insulin resistance, both an association of

TyG index with the risk of obesity-related cancers, and

substantial mediation of the BMI effect through the

parameter TyG index, seem biologically plausible.

However, despite the TyG index’s simplicity, neither its

association with cancer risk nor its contribution to the ef-

fect of BMI on cancer risk has been previously investi-

gated. The aims of this study were: (i) to quantify the

effect of TyG index on the risk of obesity-related cancers;

and (ii) to estimate the proportion of the effect of BMI on

cancer risk that is mediated through the TyG index, in a

large, pooled European study.

Key Messages

• In this cohort study including more than 500 000 individuals, insulin resistance measured as the logarithmized triglyc-

eride glucose product (TyG index) mediated part of the effect of overweight and obesity on risk of cancers of the pan-

creas, rectum, colon, kidney and liver.

• In contrast, TyG index did not mediate the risk of cancers of the endometrium, ovary and breast.

• Our results confirm a promoting role of insulin resistance in the pathogenesis of gastrointestinal cancers.

• Although often claimed, our results provide limited evidence that insulin resistance connects excess body weight

with risk of cancers of the female reproductive organs.
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Methods

Data source and selection criteria

We used data from the Metabolic Syndrome and Cancer

Project (Me-Can) 2.0, a pooling of six population-based

cohorts: three Norwegian cohorts [Oslo study I,

Norwegian Counties Study (NCS), the 40-year programme

(40-y)]; two Swedish cohorts [Västerbotten Intervention

Programme (VIP), Malmö Preventive Project (MPP)]; and

one Austrian cohort [Vorarlberg Health Monitoring and

Prevention Programme (VHM&PP)]. Me-Can 2.0 is a

follow-up project from Me-Can 1.0, which has been de-

scribed in detail elsewhere,20 and includes additional indi-

viduals, more events and a longer follow-up as compared

with Me-Can 1.0. The study was approved by research

ethics committees in the respective countries.

Data on height, weight, smoking status and serum and

plasma levels of glucose and triglycerides (including fasting

time before sampling) have been collected at health exami-

nations in all cohorts. Blood glucose values obtained from

whole blood, as in the MPP cohort, were converted into

the equivalent of serum/plasma levels by increasing the

whole blood value by 11%.21 BMI was calculated directly

from weight and height records [weight (kg)/height (m)2]

measured by medical staff. The TyG index was calculated

as ln[triglycerides (mg/dl) x blood glucose (mg/dl)/2].16

Diabetic status was further assessed in a questionnaire that

was given to all participants, except for the VHM&PP

cohort.

Out of overall 843 531 individuals, we excluded partici-

pants with missing or implausible information on BMI, tri-

glycerides, glucose, smoking status and fasting time before

measurement (n ¼ 321 464). The majority of these exclu-

sions (93%) arose because glucose was not measured in the

NCS and 40-year cohorts throughout all years. Glucose

measurements were only available for 68% and 34% of

participants in these cohorts, respectively. A total of 216

cases were excluded because information on the date of

cancer diagnosis, death or emigration was inconsistent. In

addition, individuals with any record of cancer before (n

¼ 6045) or up to 12 months after study entry (n ¼ 1674)

or a follow-up time less than 12 months (n ¼ 3661) were

excluded, thereby reducing the possibility of reverse causa-

tion (i.e. parameters of interest affected by undiagnosed

cancer). Thus, there were 510 471 individuals in our final

analysis.

Follow-up and endpoint assessment

To obtain information on cancer diagnoses, date of death

(for all cohorts) and date of migration (not available for

the VHM&PP), each cohort was linked to their respective

national Cancer Registry, Cause of Death Registry, and

Population Registry. Cancer incidence, death and migra-

tion information was followed until 31 December 2012 for

the Norwegian cohorts and until 31 December 2014 in all

other cohorts. Incident cancers were grouped into relevant

cancer types according to the International Classification

of Diseases, 7th and 10th Revisions (ICD-7, ICD-10). We

investigated those cancer sites where the evidence of associ-

ation with BMI is strong or highly suggestive according to

the current viewpoint of the International Agency for

Research on Cancer (IARC) working group6 and a recent

umbrella review:7 oesophagus (adenocarcinoma), colon,

rectum, liver, gallbladder, pancreas, endometrium, ovary,

breast (postmenopausal; defined as cancers diagnosed at

the age of 60 years and older22) and kidney (renal cell car-

cinoma). Participants were followed from 1 year after

study entry until the earliest of first cancer diagnosis (any

site, including those not investigated here), death, emigra-

tion or end of follow-up.

Statistical analysis

In our statistical analysis, we used baseline values mea-

sured at the first health examination as exposure and

adjusting variables. We tabulated baseline characteristics

both overall and stratified by TyG index quintiles. In a lin-

ear model, we regressed TyG index on BMI, adjusting for

baseline age, sex, smoking status, fasting status, cohort

and decade of birth. We estimated hazard ratios (HRs) for

TyG index levels with risk of incident cancer using Cox

proportional hazards regression models adjusted for base-

line age, sex, smoking status, fasting status, cohort, decade

of birth and with and without adjustment for BMI cate-

gory according to the World Health Organization (WHO)

classification,23 using age as the underlying time variable,

with entry time defined as the participant’s age 1 year after

baseline, and exit time as the earliest of first cancer diagno-

sis (any site, including those not investigated here), death,

emigration or end of follow-up. To calculate P-values for

trend over quintiles (with cut-off levels determined sepa-

rately for each sex, cohort and fasting time category), the

Wald test of a linear association of a value’s quintile (1–5)

with cancer risk was used. Interaction effects between sex

and TyG index were evaluated by including the respective

multiplicative term in the Cox models.

To assess mediation and to estimate total, direct and in-

direct effects between BMI, TyG index levels and cancer

risk, we used the two-stage regression method proposed by

VanderWeele.24 First, we fitted a linear regression model

for the mediator TyG index, conditional on the exposure

BMI and covariates baseline age, sex, smoking status, fast-

ing status, cohort and decade of birth. Second, we fitted a
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Cox proportional hazards regression model for cancer risk

on BMI, TyG index and the same covariates as in the

model above. Finally, we estimated the desired effects com-

bining the coefficients of these two regression models as

described by VanderWeele.24

This method is developed in the counterfactual frame-

work and gives estimates of the natural direct and natural

indirect effects which allow for decomposition of the total

effect into natural direct and indirect effects. In the context

of our main analysis estimating risk changes per 5 kg/m2

increase in BMI, the natural direct effect hazard ratio com-

pares the cancer risk in individuals showing a certain refer-

ence BMI with individuals whose BMI is 5 kg/m2 higher,

if, also in the group with the higher BMI, the TyG index

had been set to the level that would have been observed if

the individuals had the reference BMI. The natural indirect

effect hazard ratio quantifies the change in cancer risk in

individuals if the TyG index would have been changed

from the level which was actually observed to the level

which would have been observed if the individuals had a 5-

kg/m2 lower BMI. Detailed definitions of these effects can

be found elsewhere.25,26

Since we found no interaction between BMI and TyG

index (Table S1, column 2, available as Supplementary

data at IJE online), we did not include exposure-mediator

interaction terms in our final models. The contribution of

the natural indirect effect to the total effect of BMI was

calculated on the log-transformed HR scale since HRs are

additive on this scale; 95% confidence intervals (CIs) were

computed by stratified bootstrap using 2000 replications

with strata for sex, smoking status, fasting status, cohort

and decade of birth. We assessed mediation by treating

BMI both as a continuous and as a categorical variable

[according to the WHO classification of underweight

(BMI< 18.5), normal weight (BMI 18.5–24.9), overweight

(BMI 25.0–29.9) and obesity (BMI� 30.0)]. We repeated

this analysis restricted to individuals with a fasting status

of 8 h or more, and to individuals free of diabetes at base-

line (i.e. self-report to be non-diabetic and glucose value in

the normal range). For female VHM&PP participants,

data on hysterectomies were available. As sensitivity analy-

sis, we repeated the analysis for endometrial cancer in the

VHM&PP cohort, excluding women undergoing a hyster-

ectomy before baseline or within 12 months after baseline,

and treating hysterectomy as a censoring event. In models

including BMI as a linear term, we restricted analyses to

participants with a BMI� 18.5 (i.e. no underweight) since

the assumption of a log-linear association of BMI with can-

cer risk was violated in the underweight range for some

cancer sites.

We checked if the proportional hazards assumption

was fulfilled for the Cox regression models, by calculating

the Pearson correlation coefficient between transformed

survival time and the scaled Schoenfeld residuals. Only

for cancers of the colon and rectum did we detect devia-

tions of proportional hazards for the variable sex. Table

S2 (available as Supplementary data at IJE online) shows

analyses for males and females separately. Although total

effects of BMI were larger for men than for women (a

finding already reported by Bhaskaran et al.5) the propor-

tion mediated was similar to the results of our main

analysis.

To provide valid estimates of the natural direct and in-

direct effects, the method we used requires as a first as-

sumption that the outcome is relatively rare (i.e.

cumulative incidence �15%). In our study, the cumulative

incidence of all cancers investigated combined was about

12%, and much less for single cancer sites. Second, it relies

on four non-confounding assumptions; we have to assume

that there is no unmeasured confounding of: (i) the expo-

sure-mediator; (ii) the exposure-outcome; (iii) the

mediator-outcome association; and finally, for effects to be

identifiable, we have to assume that (iv) there is no

exposure-induced mediator-outcome confounding at all

(even if known and measured, natural effects cannot be

identified).26–28

In particular, the ‘cross-world counterfactual indepen-

dence’ assumption, which denies exposure-induced media-

tor-outcome confounding, has to be met.26,28,29 In contrast

to the natural direct effect, this assumption is not required

for estimation of the controlled direct effect.28 Therefore,

we also calculated controlled direct effects to verify the ro-

bustness of our results. This was done by fixing the media-

tor (TyG index) at certain values (specifically the first

quartile, the median and the third quartile) and estimating

controlled direct effects for these values of the mediator in

models allowing for exposure-mediator interaction.26,30

HRs of controlled direct effects were comparable to natu-

ral direct effects for all cancer sites investigated (Table S1).

Finally, we compared associations of BMI with cancer

risk (conditioning on the same covariates as listed above),

both adjusted and unadjusted for TyG index, also known

as the difference method for mediation analysis.31

All analyses were conducted in R, version 3.4.0.32

Results

Study population

Out of a total of 510 471 study participants, 213 372

(41.8%) individuals originated from the Norwegian

cohorts, 173 538 (34.0%) from the Austrian cohort and

123 561 (24.2%) from the Swedish cohorts. The mean

age at baseline was 43.1 [standard deviation (SD) ¼ 10.6]
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years, and 257 968 (50.5%) individuals were males.

Mean (SD) values of BMI (kg/m2), glucose (mmol/l), tri-

glycerides (mmol/l) and the TyG index {ln[mg2/(2*dl2)]}

were 25.2 (4.0), 5.3 (1.2), 1.6 (1.1) and 8.6 (0.6), respec-

tively (Table 1). Over a median follow-up time of

17.2 years (i.e. a total of 9 735 122 person-years), 16 052

obesity-related cancers were recorded.

TyG index and baseline characteristics

Table 2 shows the distribution of BMI, sex, baseline age,

smoking status and fasting status, stratified by quintiles of

TyG index. TyG index and BMI showed a positive linear

association. An increase in BMI of 5 kg/m2 was associated

with a 0.24 unit increase in TyG index (R2 ¼ 0.26) after

adjustment for relevant covariates.

TyG index and risk of cancer

When TyG index was treated as a linear term in the statis-

tical model (Table 3, columns 3 to 4), TyG index was asso-

ciated with the risk of incident cancer of the kidney (renal

cell) [hazard ratio (HR) per one standard deviation in-

crease 1.13, 95% CI: 1.07 to 1.20], liver (1.13, 1.04 to

1.23), pancreas (1.12, 1.06 to 1.19), colon (1.07, 1.03 to

1.10) and rectum (1.09, 1.04 to 1.14), adjusting for rele-

vant confounders including BMI (Model 2). The corre-

sponding HR for the combination of cancers of all

digestive organs [oesophagus (adenocarcinoma), colon,

rectum, liver, gallbladder and pancreas] was 1.09 (1.06 to

1.11). Sex did not modify the association of TyG index

with risk of cancer for any site. However, there was a trend

towards an interaction (P ¼ 0.064) for pancreatic cancer

[HR in males: 1.08 (1.00 to 1.16), HR in females: 1.19

(1.09 to 1.31)]. For cancers of the female reproductive

organs, i.e. endometrium, ovary and breast (postmeno-

pausal; i.e. age at cancer diagnosis �60 years), no linear

associations of TyG index with risk could be observed, ei-

ther individually or combined (1.03, 0.99 to 1.06). The

quintile analyses of the association between TyG index and

cancer risk (Table 3, columns 5 to 10) provided similar

results, with small discrepancies for cancers of the liver

and endometrium.

BMI and risk of cancer mediated by TyG index

As expected, BMI was associated with an increased risk of

all investigated cancer sites (Table 4). For cancers of the

colon, breast (postmenopausal), endometrium and kidney

(renal cell), the increase in risk with rising BMI was mono-

tonic over all BMI categories, whereas the other cancer

forms revealed a J-shaped association with BMI, with nor-

mal weight being associated with the lowest risk (Table 5).

When including BMI as a linear term (per 5-kg/m2 in-

crease) in mediation analyses adjusted for relevant confound-

ers and restricted to individuals with BMI values �18.5

(Table 4), substantial proportions of the effect of BMI were

mediated by TyG index for cancers of the pancreas [42% of

a total effect (HR, per 5-kg/m2 increase) of 1.11 (1.03 to

1.20)], rectum [34% of a total effect of 1.09 (1.03 to

Table 1. Baseline characteristics, Me-Can 2.0 study

population

Characteristic n (%) resp. mean (SD), median

Cohort (year of baseline measurement)

Oslo study I (1972-73) 17 644 (3.5%)

NCS (1974-88) 61 209 (12.0%)

40y (1985-99) 134 519 (26.4%)

VHM&PP (1985-2005) 173 538 (34.0%)

VIP (1985-2014) 92 995 (18.2%)

MPP (1974-2006) 30 566 (6.0%)

Total 510 471 (100%)

Sex

Male 257 968 (50.5%)

Female 252 503 (49.5%)

Baseline age, years 43.1 (10.6), 41.5

Smoking status

Never smoker 241 940 (47.4%)

Ex-smoker 136 417 (26.7%)

Current smoker 132 114 (25.9%)

Decade of birth

�1929 51 894 (10.2%)

1930-39 85 098 (16.7%)

1940-49 77 228 (15.1%)

1950-59 197 575 (38.7%)

1960-69 66 238 (13.0%)

�1970 32 438 (6.4%)

BMI, kg/m2 25.2 (4.0), 24.7

BMI categories

<18.5 kg/m2 8355 (1.6%)

18.5 to 24.9 kg/m2 264 012 (51.7%)

25 to 29.9 kg/m2 180 896 (35.4%)

�30.0 kg/m2 57 208 (11.2%)

Fasting status

Less than 8 h 210 350 (41.2%)

8 h or more 300 121 (58.8%)

Glucose, mmol/l 5.26 (1.22), 5.14

Fasting (8 h or more) individuals 5.14 (1.21), 5.05

Triglycerides, mmol/l 1.56 (1.10), 1.26

Fasting (8 h or more) individuals 1.43 (1.03), 1.16

TyG indexa 8.60 (0.60), 8.55

Fasting (8 h or more) individuals 8.50 (0.58), 8.44

Oslo, Oslo study I; NCS, Norwegian Counties Study; 40-y , 40-year pro-

gramme; VHM&PP, Vorarlberg Health Monitoring and Prevention

Programme; VIP, Västerbotten Intervention Programme; MPP, Malmö

Preventive Project.
aTyG index calculated as ln[triglycerides (mg/dl) x blood glucose (mg/dl)/2].
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1.15)], colon [20% of a total effect of 1.14 (1.10 to 1.19)]

and cancers of all digestive organs combined [22% of a total

effect of 1.16 (1.13 to 1.19)]. Smaller proportions were medi-

ated for cancers of the kidney (renal cell) [15% of a total ef-

fect of 1.36 (1.27 to 1.44)] and the liver [11% of a total

effect of 1.48 (1.33 to 1.63)]. For adenocarcinomas of the oe-

sophagus and cancers of the gallbladder—the two cancer

types with the lowest number of cases—the proportions me-

diated were 7% of a total effect of 1.48 (1.23 to 1.73) and

16% of a total of 1.30 (1.14 to 1.46), respectively, with the

null effect contained in the 95% confidence intervals (CIs)

for proportions mediated, however. Results were similar for

men and women with the exception of pancreatic cancer

[proportion mediated in males: 20% of a total effect of 1.17

(1.05 to 1.31), proportion mediated in females: 91% of a to-

tal effect of 1.07 (0.97 to 1.17)]. The effect of BMI on cancer

risk was mediated by TyG index to a much lesser degree (spe-

cifically, natural indirect effects �1.01) for cancers of the fe-

male reproductive organs [i.e. breast (postmenopausal),

endometrium, ovary]. Figure 1 illustrates the different media-

tion patterns for gastrointestinal cancers vs cancers of the fe-

male reproductive organs.

When including BMI as a categorical term according to

the WHO classification in the mediation analyses

(Table 5), increased cancer risk of overweight and obese

individuals was mediated by TyG index for cancers of the

rectum, pancreas, colon, kidney (renal cell) and liver. The

increased risk of underweight (BMI< 18.5) was not medi-

ated by TyG index.

Additionally, we restricted our analyses to individuals

with a fasting status of 8 h or more, and to participants

who reported to be free of diabetes at baseline. The results

were similar to our findings in the full study population

(Tables S3 and S4, available as Supplementary data at IJE

online). Incorporating data on hysterectomies in the analy-

sis for endometrial cancer, in the VHM&PP cohort, left

the results virtually unchanged [HRs of 1.50 (1.36 to

1.66), 1.03 (1.00 to 1.07) and 1.46 (1.31 to 1.61) for total,

natural indirect and direct effects when ignoring informa-

tion on hysterectomies vs HRs of 1.51 (1.36 to 1.65), 1.03

(1.00 to 1.07) and 1.46 (1.31 to 1.62) when treating hys-

terectomy as censoring event].

The findings of the mediation analysis were confirmed

in separate analyses using the traditional difference method

for mediation analysis. Table S5 shows that additionally

adjusting for TyG index noticeably attenuated the associa-

tion of BMI with cancers of the oesophagus, colon, rectum,

liver, gallbladder, pancreas and kidney, whereas this was

not the case for the association of BMI with cancers of the

endometrium, ovary and breast (postmenopausal).

Table 2. Baseline characteristics by quintiles of TyG index

Characteristica TyG index

Quintile 1

(N ¼ 102 521)

Quintile 2

(N ¼ 102 020)

Quintile 3

(N ¼ 101 851)

Quintile 4

(N ¼ 101 954)

Quintile 5

(N ¼ 102 125)

TyG indexb 7.8 (0.2), 7.9 8.3 (0.1), 8.2 8.5 (0.1), 8.5 8.9 (0.1), 8.9 9.5 (0.4), 9.4

TyG index, rangeb <8.1 8.1 to 8.4 8.4 to 8.7 8.7 to 9.1 >9.1

BMI, kg/m2 23.2 (3.2), 22.8 24.3 (3.6), 23.8 25.1 (3.8), 24.6 26.1 (4.0), 25.6 27.4 (4.2), 26.9

BMI categories

<18.5 kg/m2 3859 (3.8%) 2117 (2.1%) 1359 (1.3%) 731 (0.7%) 289 (0.3%)

18.5 to 24.9 kg/m2 73 921 (72.1%) 62 974 (61.7%) 54 334 (53.3%) 43 441 (42.6%) 29 342 (28.7%)

25 to 29.9 kg/m2 21 268 (20.7%) 30 299 (29.7%) 36 304 (35.6%) 43 256 (42.4%) 49 769 (48.7%)

�30.0 kg/m2 3473 (3.4%) 6630 (6.5%) 9854 (9.7%) 14 526 (14.2%) 22 725 (22.3%)

Sex

Male 33 153 (32.3%) 41 317 (40.5%) 49 640 (48.7%) 59 811 (58.7%) 74 047 (72.5%)

Female 69 368 (67.7%) 60 703 (59.5%) 52 211 (51.3%) 42 143 (41.3%) 28 078 (27.5%)

Baseline age, years 39.6 (11.0), 40.2 42.8 (10.7), 41.2 43.6 (10.7), 41.7 44.4 (10.2), 42.1 44.9 (9.4), 42.2

Smoking status

Never smoker 60 550 (59.1%) 54 606 (53.5%) 48 131 (47.3%) 42 555 (41.7%) 36 098 (35.3%)

Ex-smoker 22 541 (22.0%) 24 681 (24.2%) 26 723 (26.2%) 29 507 (28.9%) 32 965 (32.3%)

Current smoker 19 430 (19.0%) 22 733 (22.3%) 26 997 (26.5%) 29 892 (29.3%) 33 062 (32.4%)

Fasting status

Less than 8 h 29 117 (28.4%) 33 518 (32.9%) 41 691 (40.9%) 48 353 (47.4%) 57 671 (56.5%)

8 h or more 73 404 (71.6%) 68 502 (67.1%) 60 160 (59.1%) 53 601 (52.6%) 44 454 (43.5%)

aGiven as n (%) resp. mean (SD), median (except TyG index, range).
bTyG index calculated as ln[triglycerides (mg/dl) x blood glucose (mg/dl)/2].
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Discussion

In this large prospective cohort study, TyG index was asso-

ciated with cancers of the digestive organs (colon, rectum,

liver and pancreas) and the kidney (renal cell), and a sub-

stantial fraction of the effect of BMI on cancer risk was

mediated by the TyG index. In contrast, such mediation

was not observed for cancers of the female reproductive

organs [endometrium, ovary and breast (postmeno-

pausal)]. Whereas for both triglycerides and glucose, asso-

ciations with cancer risk have been demonstrated,33–36

attempts to relate the TyG index, a surrogate measure for

insulin resistance, to cancer risk have to our knowledge

never been undertaken before.

Which biological mechanisms link excess body weight

with cancer risk is debated.9–11 Obesity results in alterations

in sex hormone metabolism, chronic (subclinical) inflamma-

tion and increased circulating insulin levels, the latter of

which results in increased levels of free or bioactive IGF1.

All these three consequences of obesity are known to induce

mechanisms that promote carcinogenesis. According to the

sex hormone hypothesis, the insulin-IGF hypothesis and the

inflammation and adipokine hypothesis, these pathways are

mediators in the association of increased BMI with cancer

risk.11 However, the exact contributions of these three path-

ways to the positive association of BMI and cancer risk

among different cancer sites are still incompletely

understood.

Considering that TyG index has been shown to be a

valid surrogate measure of insulin resistance with a validity

comparable to the frequently used HOMA insulin resis-

tance index,19 treating the TyG index as a mediator in the

association of BMI with cancer risk seems biologically

plausible. Our results support the insulin-IGF hypothesis

for cancers of the digestive organs and the kidney, in par-

ticular when considering that: (i) reducing complex condi-

tions to single measures (as introduced by capturing insulin

resistance by the TyG index); and (ii) using only one mea-

surement at a single time-point in life, thereby ignoring

whole lifetime trajectories (and thus cumulative effects); in

general lead to an underestimation of indirect effects,26,37

which would mean that the true contribution of the

insulin-IGF pathway to the BMI effect on cancer risk is

likely even higher. On the other hand, the near absence of

any mediation through TyG index for cancers of the female

Table 4. Decomposition of the total effect of continuous BMI on cancer risk into natural direct and indirect effect mediated by

the TyG index, stratified by cancer site

Site (ICD-7; ICD-10) Total effecta

HR (95% CI)

Natural indirect

effecta

HR (95% CI)

Natural direct

effecta

HR (95% CI)

Proportion mediated

(95% CI)

Oesophagus (adenocarcino-

mab) (150; C15)

1.48 (1.23 to 1.73) 1.03 (0.96 to 1.08) 1.44 (1.20 to 1.70) 6.5% (�10.8% to 24.2%)

Colon (153; C18) 1.14 (1.10 to 1.19) 1.03 (1.01 to 1.04) 1.11 (1.07 to 1.16) 19.9% (9.4% to 35.1%)

Rectum (154; C19-21) 1.09 (1.03 to 1.15) 1.03 (1.01 to 1.05) 1.06 (1.00 to 1.12) 33.9% (11.8% to 100%)

Liver (155.0; C22) 1.48 (1.33 to 1.63) 1.04 (1.01 to 1.08) 1.42 (1.27 to 1.57) 11.1% (1.7% to 21.7%)

Gallbladder (155.1-155.3;

C23-24)

1.30 (1.14 to 1.46) 1.04 (0.99 to 1.09) 1.25 (1.09 to 1.42) 15.9% (�2.6% to 44.0%)

Pancreas (157; C25) 1.11 (1.03 to 1.20) 1.05 (1.02 to 1.07) 1.06 (0.99 to 1.15) 41.7% (16.0% to 100%)

Pancreas, males 1.17 (1.05 to 1.31) 1.03 (0.99 to 1.07) 1.14 (1.01 to 1.29) 19.9% (�4.9% to 81.4%)

Pancreas, females 1.07 (0.97 to 1.17) 1.06 (1.02 to 1.09) 1.01 (0.90 to 1.11) 90.8% (�100% to 100%)

Breast (postmenopausal)

(170; C50)

1.05 (1.01 to 1.09) 1.01 (0.99 to 1.02) 1.04 (1.00 to 1.09) 15.9% (�18.0% to 79.5%)

Endometrium (172; C54) 1.50 (1.43 to 1.57) 1.01 (0.99 to 1.03) 1.49 (1.41 to 1.57) 1.6% (�3.5% to 6.5%)

Ovary (175.0; C56) 1.05 (0.96 to 1.13) 0.99 (0.97 to 1.02) 1.06 (0.97 to 1.15) �14.4% (�100% to 100%)

Kidney (renal cell) (180.0,

180.9; C64)

1.36 (1.27 to 1.44) 1.05 (1.02 to 1.07) 1.30 (1.21 to 1.38) 14.7% (6.6% to 23.6%)

Digestive organs combinedc 1.16 (1.13 to 1.19) 1.03 (1.02 to 1.04) 1.12 (1.09 to 1.16) 21.7% (14.6% to 30.6%)

Endometrium, ovary and

breast (postmenopausal)

combined

1.16 (1.13 to 1.20) 1.00 (1.00 to 1.02) 1.16 (1.12 to 1.19) 3.3% (-3.3% to 10.8%)

aHRs (per 5-kg/m2 increase) were estimated according to the two-stage regression method proposed by VanderWeele24, adjusted for baseline age, sex, smoking

status, fasting status, cohort and decade of birth, with attained age as the underlying time scale. Analyses were restricted to participants with a BMI� 18.5 (i.e. no

underweight).
bAdenocarcinomas were identified via information on morphology (ICD-O-3 morphological key).
cDigestive organs combined include the following sites: oesophagus (adenocarcinoma), colon, rectum, liver, gallbladder and pancreas.
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Table 5. Decomposition of the total effect of BMI categories on cancer risk into natural direct and indirect effect mediated by the

TyG index, stratified by cancer site

Site (ICD-7; ICD-10) Category Total effecta

HR (95% CI)

Natural indirect

effecta

HR (95% CI)

Natural direct

effecta

HR (95% CI)

Proportion mediated

(95% CI)b

Oesophagus (adenocarcino-

mac) (150; C15)

Underweight 1.92 (0.00 to 5.32) 0.99 (0.97 to 1.01) 1.95 (0.00 to 5.40) –

Normal weight 1.00 (reference)

Overweight 1.17 (0.83 to 1.63) 1.05 (0.98 to 1.11) 1.12 (0.79 to 1.55) –

Obesity 1.97 (1.22 to 3.02) 1.09 (0.96 to 1.23) 1.81 (1.11 to 2.81) 13.0% (�8.2% to 52.8%)

Colon (153; C18) Underweight 0.81 (0.52 to 1.12) 0.99 (0.99 to 1.00) 0.82 (0.53 to 1.13) –

Normal weight 1.00 (reference)

Overweight 1.16 (1.08 to 1.24) 1.03 (1.01 to 1.04) 1.13 (1.05 to 1.21) 19.2% (7.9% to 41.2%)

Obesity 1.35 (1.22 to 1.50) 1.06 (1.03 to 1.09) 1.28 (1.15 to 1.42) 18.8% (8.4% to 33.9%)

Rectum (154; C19-21) Underweight 1.21 (0.78 to 1.71) 0.99 (0.98 to 0.99) 1.23 (0.79 to 1.73) –

Normal weight 1.00 (reference)

Overweight 1.05 (0.97 to 1.15) 1.04 (1.02 to 1.06) 1.01 (0.93 to 1.11) –

Obesity 1.19 (1.04 to 1.35) 1.07 (1.03 to 1.12) 1.11 (0.96 to 1.26) 40.5% (15.7% to 100%)

Liver (155.0; C22) Underweight 1.52 (0.48 to 3.00) 0.98 (0.97 to 1.00) 1.54 (0.48 to 3.05) –

Normal weight 1.00 (reference)

Overweight 1.27 (1.04 to 1.53) 1.06 (1.01 to 1.10) 1.20 (0.99 to 1.46) 23.2% (4.2% to 100%)

Obesity 2.35 (1.84 to 2.94) 1.12 (1.03 to 1.20) 2.10 (1.65 to 2.68) 12.8% (3.0% to 23.7%)

Gallbladder (155.1-155.3;

C23-24)

Underweight 1.23 (0.27 to 2.66) 0.99 (0.97 to 1.00) 1.25 (0.28 to 2.68) –

Normal weight 1.00 (reference)

Overweight 1.50 (1.18 to 1.90) 1.05 (0.99 to 1.10) 1.43 (1.11 to 1.83) 11.2% (�1.8% to 36.0%)

Obesity 1.77 (1.24 to 2.39) 1.09 (0.99 to 1.22) 1.62 (1.11 to 2.24) 15.7% (�3.0% to 52.6%)

Pancreas (157; C25) Underweight 1.73 (1.04 to 2.46) 0.98 (0.98 to 0.99) 1.76 (1.06 to 2.51) �3.0% (�13.8% to -0.8%)

Normal weight 1.00 (reference)

Overweight 1.13 (1.00 to 1.26) 1.05 (1.02 to 1.08) 1.07 (0.95 to 1.20) –

Obesity 1.27 (1.05 to 1.52) 1.11 (1.05 to 1.16) 1.15 (0.94 to 1.38) 41.3% (15.8% to 100%)

Pancreas, males Underweight 1.72 (0.55 to 3.07) 0.98 (0.95 to 1.00) 1.77 (0.56 to 3.15) –

Normal weight 1.00 (reference)

Overweight 1.15 (0.99 to 1.34) 1.04 (1.00 to 1.08) 1.11 (0.95 to 1.30) –

Obesity 1.31 (1.00 to 1.67) 1.07 (1.00 to 1.16) 1.22 (0.92 to 1.58) 26.4% (�21.2% to 100%)

Pancreas, females Underweight 1.68 (0.82 to 2.68) 0.98 (0.97 to 0.99) 1.72 (0.84 to 2.71) –

Normal weight 1.00 (reference)

Overweight 1.08 (0.89 to 1.33) 1.07 (1.03 to 1.11) 1.01 (0.83 to 1.24) –

Obesity 1.24 (0.98 to 1.58) 1.15 (1.06 to 1.24) 1.08 (0.86 to 1.37) –

Breast (postmenopausal)

(170; C50)

Underweight 0.97 (0.70 to 1.27) 1.00 (0.99 to 1.00) 0.97 (0.70 to 1.28) –

Normal weight 1.00 (reference)

Overweight 1.07 (0.99 to 1.15) 1.01 (0.99 to 1.02) 1.06 (0.98 to 1.15) –

Obesity 1.11 (1.00 to 1.23) 1.02 (0.98 to 1.05) 1.09 (0.98 to 1.21) 17.3% (�36.3% to 100%)

Endometrium (172; C54) Underweight 0.69 (0.34 to 1.13) 0.99 (0.99 to 1.00) 0.69 (0.34 to 1.13) –

Normal weight 1.00 (reference)

Overweight 1.27 (1.12 to 1.45) 1.02 (0.99 to 1.04) 1.25 (1.10 to 1.43) 6.8% (�2.8% to 22.4%)

Obesity 2.61 (2.29 to 2.99) 1.04 (0.99 to 1.09) 2.52 (2.19 to 2.91) 3.6 (�1.5% to 8.9%)

Ovary (175.0; C56) Underweight 1.07 (0.60 to 1.63) 1.00 (0.99 to 1.01) 1.07 (0.59 to 1.63) –

Normal weight 1.00 (reference)

Overweight 0.94 (0.81 to 1.11) 1.00 (0.97 to 1.03) 0.95 (0.81 to 1.11) –

Obesity 1.15 (0.93 to 1.39) 1.00 (0.94 to 1.06) 1.16 (0.93 to 1.41) –

Kidney (renal cell) (180.0,

180.9; C64)

Underweight 0.68 (0.21 to 1.22) 0.98 (0.97 to 0.99) 0.69 (0.21 to 1.24) –

Normal weight 1.00 (reference)

Overweight 1.30 (1.15 to 1.47) 1.06 (1.03 to 1.08) 1.23 (1.09 to 1.39) 20.5% (9.8% to 41.3%)

Obesity 1.95 (1.66 to 2.26) 1.11 (1.06 to 1.17) 1.75 (1.49 to 2.06) 16.0% (8.2% to 25.7%)

(Continued)
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reproductive organs provides an indirect support of the sex

hormone hypothesis for these cancers.

Most of our results are in line with existing literature.9–12

However, for breast and endometrial cancer, associations

of fasting insulin levels and HOMA-IR score with cancer

risk have been reported,13,14,38,39 in contrast to our results

using the TyG index as a measure of insulin resistance.

Reasons for these discrepancies might be that the TyG in-

dex captures different aspects of insulin resistance com-

pared with insulin or HOMA-IR, and, particularly, that

there are marked differences in the age distribution of the

study cohorts at baseline. In the studies of Hvidtfeldt

et al.13 and Gunter et al.14 on postmenopausal breast can-

cer, and of Gunter et al. on endometrial cancer,38 using

data of the Women’s Health Initiative, the median age at

measurement of insulin and HOMA-IR was beyond

65 years, whereas in our study the median age at measure-

ment of TyG index was 41.5 years. This huge age differ-

ence combined with differently selected populations makes

a comparison between these studies very difficult. In addi-

tion, regarding postmenopausal breast cancer, the age cut-

off (we defined cancer occurring at 60 years and later as

postmenopausal) is crucial for the strength of the associa-

tion of breast cancer risk with obesity.

Strengths of this study include the large sample size

from six European population-based cohorts, long follow-

up and use of national cancer registries ensuring a virtually

complete capture of cancer cases. Furthermore, in our

study we applied a new analytical tool for estimating medi-

ating effects originating from the counterfactual frame-

work. Traditional approaches to mediation analysis

typically involve the comparison of Cox models with and

without adjustment for the mediator. Such an approach is

limited, most importantly because the estimates do not

have a causal interpretation and are not mathematically

consistent.26,40 Although the new counterfactual

approaches are greatly preferably to the traditional ones,

for the purpose of comparison, we also performed such a

traditional analysis and obtained very similar results.

Limitations of our study include the lack or limited

availability of complete data on covariates other than the

ones included in the analyses, which potentially may have

influenced the results, like information on lipid-lowering

and/or antidiabetic medication, alcohol consumption,

physical activity and female reproductive factors such as

parity, age at first birth or postmenopausal hormone ther-

apy. Furthermore, we did not have measurements of

parameters of inflammation. Since evidence suggests that

Table 5. Continued

Site (ICD-7; ICD-10) Category Total effecta

HR (95% CI)

Natural indirect

effecta

HR (95% CI)

Natural direct

effecta

HR (95% CI)

Proportion mediated

(95% CI)b

Digestive organs combinedd Underweight 1.14 (0.91 to 1.40) 0.99 (0.98 to 0.99) 1.15 (0.92 to 1.41) –

Normal weight 1.00 (reference)

Overweight 1.14 (1.09 to 1.20) 1.04 (1.03 to 1.05) 1.10 (1.05 to 1.15) 27.8% (18.0% to 44.3%)

Obesity 1.38 (1.29 to 1.47) 1.08 (1.05 to 1.10) 1.28 (1.19 to 1.38) 22.7% (15.6% to 32.5%)

Endometrium, ovary and

breast (postmenopausal)

combined

Underweight 0.93 (0.72 to 1.15) 1.00 (0.99 to 1.00) 0.93 (0.72 to 1.16) –

Normal weight 1.00 (reference)

Overweight 1.09 (1.03 to 1.16) 1.01 (1.00 to 1.02) 1.08 (1.02 to 1.15) 10.5% (-3.1% to 39.3%)

Obesity 1.41 (1.32 to 1.51) 1.02 (0.99 to 1.05) 1.38 (1.28 to 1.49) 5.7% (-1.6% to 13.7%)

aHRs were estimated according to the two-stage regression method proposed by VanderWeele24, adjusted for baseline age, sex, smoking status, fasting status,

cohort and decade of birth, with attained age as the underlying time scale.
bProportion mediated not given in cases where the null effect (i.e. 1) is contained in the 95% CI of the HR of the total effect.
cAdenocarcinomas were identified via information on morphology (ICD-O-3 morphological key).
dDigestive organs combined include the following sites: oesophagus (adenocarcinoma), colon, rectum, liver, gallbladder,and pancreas.

Total effect of BMI

         Natural indirect (TyG mediated) effect of BMI 

         Natural direct effect of BMI 

1.0 1.2 1.1 

Hazard ratio (per 5 kg/m² increase) 

HR = 1.16 

HR = 1.12 

HR = 1.03 (21.7% of total effect) 

HR = 1.16 

HR = 1.16 

HR = 1.00 (3.3% of total effect) 

Digestive organs 
combined 

Female reproductive 
organs combined 

Figure 1. Total, natural indirect (TyG mediated) and direct effects of con-

tinuous BMI on cancer risk of digestive organs (oesophagus, colon, rec-

tum, liver, gallbladder and pancreas) vs female reproductive organs

[endometrium, ovary and breast (postmenopausal)].
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obesity-induced inflammation might be one of the underly-

ing mechanisms of insulin resistance in obese individu-

als,41,42 not having taken the confounding effect of

inflammation into account might have led to an overesti-

mation of the estimated indirect effect through the insulin

resistance pathway.

Other limitations are the different protocols for mea-

surement of triglycerides and glucose applied in the single

cohorts, the lack of information on abdominal obesity,

body shape or body fat proportion and insufficiently de-

tailed data to investigate potentially important differences

between cancer subtypes (e.g. breast cancer by receptor

status,43 microsatellite stable vs unstable colorectal can-

cer44). Different composition of subtypes could explain

slightly different effect estimates of BMI for these cancers

in our study compared with other literature.5,6 For liver

cancer, the lower prevalence of hepatitis in our study re-

gion, a strong risk factor for liver cirrhosis and liver cancer,

may explain why we observed quite a strong association of

obesity with risk of liver cancer compared with other sour-

ces.5,8 We did not include further obesity-related cancer

sites, such as lymphoma or leukaemia,5,8 into our analyses

because insulin resistance as a biological mechanism has

been predominately discussed for gastrointestinal cancers

and cancers of the female reproductive organs.11

In conclusion, we showed that a higher TyG index is as-

sociated with increased risk of cancers of the digestive

organs (colon, rectum, liver and pancreas) and the kidney

(renal cell), and that a substantial fraction of the effect of

increased BMI on the risk of these cancers can be explained

via the TyG index pathway. In contrast, this does not hold

true for obesity-related cancers of the female reproductive

organs [endometrium, ovar, and breast (postmenopausal)].

As TyG index is indicative of insulin resistance, our find-

ings support the insulin-IGF hypothesis for cancers of the

digestive organs and the kidney; that is, insulin and poten-

tially IGFs may be important pathways through which

obesity affects cancer risk.

Supplementary Data

Supplementary data are available at IJE online.
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