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Abstract

Purpose: To estimate the effect of obesity on type 2 diabetes (T2DM) risk and evaluate to what 

extent non-alcoholic fatty liver disease (NAFLD) mediates this association.

Methods: Data came from 4,522 adults ages 45–84 participating in the Multi-Ethnic Study of 

Atherosclerosis cohort. Baseline obesity was defined using established BMI categories. NAFLD 

was measured by CT scans at baseline and incident T2DM defined as fasting glucose ≥126 mg/dL 

or use of diabetes medications.
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Results: Over a median 9.1 years of follow-up between 2000 and 2012, 557 new cases of T2DM 

occurred. After adjusting for age, sex, race/ethnicity, education, diet and exercise, those with 

obesity had 4.5 times the risk of T2DM compared to normal weight (hazard ratio [HR] = 4.5, 

95% confidence interval [CI]: 3.0, 5.9). The mediation analysis suggested that NAFLD accounted 

for ~36% (95% CI: 27, 44) of the effect (direct effect HR = 3.2, 95% CI: 2.3, 4.6; indirect effect 

through NAFLD, HR = 1.4, 95% CI: 1.3, 1.5).

Conclusions: These data suggest that the association between obesity and T2DM risk is 

partially explained by the presence of NAFLD. Future studies should evaluate if NAFLD could be 

an effective target to reduce the effect of obesity on T2DM.

Keywords

causal mediation analysis; diabetes mellitus; marginal structural model NAFLD; obesity

INTRODUCTION

Type 2 diabetes (T2DM) currently affects one in seven adults in the United States (US)1. If 

trends continue, it is projected that T2DM will affect as many as one in three US adults by 

20502. Obesity is a well-known risk factor for T2DM3–8 and in the past three decades, the 

obesity epidemic has contributed to the increase in T2DM1,9,10. Despite the clear obesity­

T2DM relationship, the precise mechanisms that connect these conditions remain unclear. 

It is hypothesized that at least three mechanisms link obesity and insulin resistance to 

T2DM5: 1) increased production of adipokines/cytokines (e.g. tumor necrosis factor-alpha), 

promoting insulin resistance; 2) mitochondrial dysfunction, resulting in insulin resistance 

and B-cell dysfunction; and 3) increased ectopic fat deposition, leading to dysmetabolic 

sequelae. The third mechanism is of particular interest given the recent rise in non-alcoholic 

fatty liver disease (NAFLD)11.

The NAFLD-specific role in the obesity-T2DM link may be due to an exacerbation of 

hepatic insulin resistance and alteration in the secretion of hepatokines and inflammatory 

biomarkers, that may promote the development of T2DM11–14. Prior studies have found 

obesity to also be an established risk factor for NAFLD11,15–23. NAFLD in turn has been 

shown in multiple observational studies24–38, and two Mendelian randomization studies39,40, 

to be associated with an increased T2DM risk. All of these observational studies24–38 have 

adjusted for obesity in an attempt to estimate independent associations between NAFLD 

and T2DM risk, however none have used principled analytical techniques to quantify how 

much of the obesity-related risk for T2DM is mediated through NAFLD. Understanding 

the possible mediating role that fatty liver has on the obesity-T2DM relationship may be 

of interest as NAFLD prevention or management could be a promising target to reduce the 

obesity-related burden of T2DM41.

We hypothesize that the association between obesity and T2DM risk is explained at least 

in part by the degree of fat in the liver. To test this hypothesis, we used longitudinally 

collected data from the Multi-Ethnic Study of Atherosclerosis (MESA) cohort to estimate 

the overall effect between obesity on risk of T2DM, and decompose this into the portion 
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of the relationship mediated, and not mediated, by the degree of liver fat accumulation (i.e. 

indirect and direct effects, respectively).

MATERIAL AND METHODS

Participant population

Our observational study includes data from the well-characterized MESA cohort. MESA 

objectives and design have been described in detail elsewhere42. Briefly, 6,814 participants 

aged 45–85 years free of known cardiovascular disease (CVD) were recruited in the years 

2000–2002 from six communities in the United States and followed until present time. 

Participants were seen at six US university clinics (Columbia, New York, NY; Johns 

Hopkins, Baltimore, MD; Northwestern, Chicago, IL; University of California, Los Angeles, 

CA; University of Minnesota, Twin Cities, MN; and Wake Forest, Winston-Salem, NC). The 

cohort includes those of White, African American, Hispanic, and Chinese American descent. 

For this study we used data from exam visits 1 through 5, conducted between July 2000 and 

February 2012. Informed consent was obtained from all study participants and institutional 

review board approval at the sites conducting MESA was obtained.

Exclusions

We excluded participants with prevalent diabetes at baseline (n = 859) defined as having 

a fasting glucose ≥126 mg/dL and/or reporting using any diabetes medications (see Web 

Appendix Table 1 for baseline characteristics of these excluded participants). We further 

excluded participants whose computed tomography (CT) imaging did not extend inferiorly 

sufficiently to measure liver attenuation (n = 75), participants with a history of high alcohol 

use (average of >1 serving/day in women and >2 servings/day in men; n = 322), history of 

liver cirrhosis (n = 6) and use of oral steroids and class 3 antiarrhythmic medications (n = 

84)43, those who failed to return to at least 1 follow-up visit (n = 294) or those with missing 

covariates of interest (n = 652). Our final sample size was 4,522.

Exposure: obesity

Obesity at baseline was defined using body mass index (BMI, weight in kg/squared height in 

m) as a measure of generalized obesity and, in separate models, using waist circumference 

(WC) as a proxy for abdominal obesity. Weight and height were measured44, and BMI 

categorized according to established criteria4,45: normal (<25 or <23 kg/m2 for Chinese 

Americans), overweight (25-<30 or 23-<27.5 kg/m2 for Chinese Americans), or obese 

(≥30, or ≥27.5 kg/m2 for Chinese Americans). Waist circumference (cm) was measured 

and categorized using established sex-specific cut-points >88 cm for women and >102 cm 

for men46. In sensitivity analysis, we re-classified waist circumference using sex- and race/

ethnic-specific cut-points >80 cm for women and >94 cm for White and African American 

men and >90 cm for Hispanic and Chinese American men47.

Mediator: liver fat

At the baseline visit, participants received two consecutive CT scans. Liver attenuation by 

CT scan has been shown to be inversely correlated with liver fat deposition by liver biopsy 

(correlation coefficient: −0.9; p-value <0.001)48. Likewise in another study, unenhanced CT 
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scans showed a R2 value of 0.649 against histologic fat content in linear regressions49, 

showing that CT scanning provides a useful non-invasive method for identifying fatty liver. 

Degree of liver attenuation was measured in three consistent regions in the parenchyma of 

the right hepatic lobe (each measuring about 1 cm2) and calculated as the average density50. 

Liver fat was categorized into quartiles of Hounsfield units (HU), and inverted so that the 

highest quartile represented the lowest liver fat content as the referent group.

Outcome: type 2 diabetes

Individuals were considered as having T2DM if they had a fasting glucose ≥126 mg/dL 

and/or reported using any diabetes medications during in-person clinic exams at any point 

during follow-up. The outcome, time to T2DM, was specified as time of first observation of 

T2DM at any time during follow-up.

Confounders

Informed by our directed acyclic graph51, we assumed that the same set of covariates 

potentially confound the relationship between obesity and T2DM, obesity and fatty liver, 

and fatty liver and T2DM as shown in the Figure 1. Measured confounders included baseline 

age, sex, race/ethnicity, education (less than high school, completed high school, some 

college, or bachelor’s degree or higher), exercise (quartiles), dietary quality (quintiles) and 

total caloric intake (quintiles). Exercise was calculated from the duration and intensity of 

total intentional exercises using metabolic equivalent minutes (MET-min) per week and 

was measured using a detailed, semi-quantitative questionnaire adapted from the Cross­

cultural Activity Participation Study42,50. Usual diet intake over the previous 12 months 

was quantified using a food frequency questionnaire (FFQ)42,52 from which dietary quality 

was calculated using the Alternative Healthy Eating Index-2010 (AHEI) Score, based on 

the evidence for its strong link with CVD and T2DM53. Daily energy intake (kcal/day) 

was also estimated from the FFQ’s. In a sensitivity analysis, we also adjusted for cigarette 

smoking (current, former and never smoker), serum triglycerides (quartiles), hypertension, 

antihypertension medication, statins, lipid-lowering medications, field center, and alcohol 

consumption, however adjusting for these did not meaningfully alter our findings, thus they 

were excluded from the final models.

Statistical analysis

Our study’s objective was to quantify how much of the effect between obesity and T2DM 

was potentially mediated by fatty liver. Conventional mediation analysis using the Kenny 

and Baron mediation approach54 works in the special case of linear models without 

interactions, but is otherwise flawed55. To accomplish our objective, we conducted a causal 

mediation analyses to decompose the overall effect into two separate effects: (1) the direct 

effect (i.e. the effect of obesity on T2DM that is not mediated by fatty liver), and (2) the 

indirect effect (i.e. the effect of obesity on T2DM that is mediated by fatty liver)56.

We estimated these effects with inverse probability weighted marginal structural models 

according to the method of Lange et al.57. The steps were as follows: first, we used 

multinomial logistic regression to model the categorical mediator (quantiles of liver fat) as 

a function of obesity and assumed confounders (age, sex, race/ethnicity, education, exercise 
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and diet). This model was used to obtain predicted counterfactual mediator values for 

each level of the exposure in each individual, so that for any individual, three mediator 

values were predicted when BMI was the exposure: the potential mediator value had 
the individual been normal weight, the potential mediator value had the individual been 

overweight, and the potential mediator value had the individual been obese. This was 

operationalized by constructing an extended data set by repeating each observation three 

times and including an auxiliary exposure variable for each counterfactual level of exposure 

(normal, overweight, and obese BMI categories). The original exposure variable and the 

auxiliary exposure variable were then weighted by dividing the probabilities corresponding 

to the counterfactual value observed for the mediator by using the auxiliary exposure, by 

the probabilities corresponding to the value actually observed for the mediator. The stability 

of the calculated weights was evaluated by inspection of a histogram of the final weights 

and verifying no extreme values58 (near zero or excessively large) (see Web Appendix 

Figures 1–3). A marginal structural model for the relationship between obesity and T2DM 

outcome was then estimated by fitting a parametric proportional hazards model with a 

Weibull distribution with robust SEs, and incorporating weights estimated in the first 

stage of modeling. Instead of estimating a separate model for the exposure conditional 

on confounders, we included the same set of covariates from the liver fat model, which 

results in weights that are typically much more stable as these do not involve inverse 

probability weighting of the exposure distribution57. In MESA, T2DM event times were not 

observed exactly; events were known to occur within some interval of time (i.e. between any 

two exam visits) but the exact time of the event was unknown. Correspondingly, we used 

estimation methods that accounted for the interval-censored event times59–61. Ninety five 

percent confidence intervals (CIs) for the total, indirect, and direct effects were estimated 

using 1,000 bootstrapped samples. The proportion mediated by the mediator was calculated 

as the ratio of the natural indirect effect to the total effect62. Separate models were repeated 

using waist circumference as a proxy for central obesity following the same steps as 

described above.

We also assessed whether indirect and direct effects differed between racial/ethnic groups 

using covariate-by-exposure interactions as described by Lange et al.57, and tested their 

significance using a Wald test. We likewise assessed for possible exposure-mediator 

interactions. None of the interactions were statistically significant (p>0.05) (see Web 

Appendix Tables 2a and 2b) thus we removed interactions from final models. All statistical 

analyses were done in Stata v.15 (StataCorp, College Station, TX).

RESULTS

Descriptive characteristics by BMI category among 4,522 adults in MESA are presented 

in Table 1. The mean age (SD) of the population was 62 (10) years, and roughly half 

were female. Over a median 9.1 years of follow-up, 557 new cases of T2DM occurred 

(12%). Incidence rates were 5.5 (95% CI: 4.2, 7.2), 14.3 (12.5, 16.4), and 29.8 (26.6, 33.3) 

per 1,000 person-years among those in normal, overweight, and obese BMI categories, 

respectively. There was an association between liver fat quartile and BMI category 

(correlation coefficient: 0.24; p-value <0.001); among those in the obese category, more 

participants were in the highest quartile of liver fat.
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Results of models for the mediators are presented in Web Appendix Tables 3–5. Estimates 

of the total, natural direct and natural indirect effects of obesity and T2DM risk are shown 

in Tables 2 and 3. After covariate adjustment, those with BMI-defined obesity were at 

4.5 times the risk of T2DM compared to those with normal weight (total effect hazard 

ratio [HR] = 4.5, 95% CI: 3.0, 5.9). The mediation analysis suggested that NAFLD was 

responsible for ~36% (95% CI: 27, 44) of the relationship between obesity and T2DM risk 

(indirect effect of BMI through NAFLD, HRNAFLD = 1.4, 95% CI: 1.3–1.5; direct effect, 

HRBMI-obese = 3.2, 95% CI: 2.3, 4.6). Those with overweight had more than twice the risk 

of T2DM compared to those with normal weight (HR = 2.2, 95% CI: 1.5, 3.0), with NAFLD 

responsible for ~27% (95% CI: 18, 41) of this relationship (indirect effect, HRNAFLD = 

1.2, 95% CI: 1.1, 1.3); direct effect, HRBMI-overweight = 1.9, 95% CI: 1.3, 2.7). Similarly, 

when using waist circumference as a proxy for central obesity, those with elevated waist 

circumference were at 2.7 times the risk of T2DM compared to those with normal waist 

circumference (total effect HR = 2.7, 95% CI: 2.2, 3.2), with NAFLD responsible for ~32% 

(95% CI: 24, 40) of this relationship (indirect effect (HRNAFLD = 1.2, 95% CI: 1.1, 1.3); 

direct effect, HRWC-high = 2.2, 95% CI: 1.8, 2.6).

Sensitivity analysis

In a sensitivity analysis, when using waist circumference according to the International 

Diabetes Federation47, the estimated effects of central obesity on T2DM risk were 

marginally higher compared to when using the Third Report of the National Cholesterol 

Education Program classification46, but the proportion explained by fatty liver was similar 

(~27%, 95% CI: 21, 33 of the total effect) (Table 4).

DISCUSSION

In this multi-ethnic population-based cohort study of 4,522 adults in the US, our mediation 

analysis suggests that NAFLD mediates around 30% of the effect between obesity and 

incident T2DM. To our knowledge, this is the first analysis to decompose the complex links 

between obesity, NAFLD and incident T2DM.

There is prior evidence for the prospective associations between each of these factors 

(obesity-T2DM, obesity-NAFLD, and NAFLD-T2DM). First, consistent with prior 

studies3–8, we found strong evidence of a total effect between obesity and incident T2DM. 

Second, longitudinal studies of different populations have shown the importance of obesity, 

or weight gain in NAFLD onset17–23. Furthermore, two of these studies demonstrated 

an increased rate of NAFLD remission among those who had weight loss during the 

observation periods17,22. And third, the presence of NAFLD has been shown in multiple 

observational studies to be associated with an increased risk of incident T2DM across 

different racial/ethnic groups24–38. Likewise, a Mendelian randomization study found that 

liver fat was causally associated with insulin resistance, a precursor of T2DM, as well as 

with a small but significant increase in T2DM risk39. However, in this last study, these 

associations were observed only among individuals with fibrosis39. In our analysis, due to 

lack of histology, we were unable to distinguish between simple steatosis from advanced 
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liver disease. Future studies should distinguish between these conditions and assess their 

mediating role separately.

Accumulating evidence implicates free fatty acids (FFAs) as the primary culprit of liver 

injury63. Accumulation of fat in the liver can be caused by obesity-related factors including 

an influx of FFAs into the liver, an imbalance of adipokines (increased proinflammatory 

cytokines or decreased adiponectin) as well as increased de novo lipogenesis from excessive 

carbohydrates and certain amino acids63,64. It is hypothesized that the NAFLD-specific 

role (especially non-alcoholic steatohepatitis [NASH] with varying levels of fibrosis) on 

the obesity-T2DM link could be due to an exacerbation of hepatic insulin resistance and 

alteration in the secretion of hepatokines, such as retinol-binding protein (RBP)-4, fetuin­

A, fibroblast growth factor (FGF)-21, or of inflammatory biomarkers such as C-reactive 

protein, tumor necrosis factor (TNF)-alpha and interleukin-6 (IL)-611–14. These hepatokines 

and inflammatory cytokines negatively affect hepatic gluconeogenesis, glycogen synthesis 

and insulin signaling, which in turn directly affect the risk of T2DM11.

Our results should be interpreted in light of several assumptions required in the analytic 

approach. First, mediation analyses assume all confounders of the obesity-T2DM, obesity­

NAFLD, and NAFLD-T2DM relationships were identified and accounted for. Second, valid 

estimation of natural effects also assumes that there are no mediator-outcome confounders 

that are caused by exposure. These are restrictive assumptions. We carefully considered 

relevant causal factors of obesity, NAFLD and T2DM and adjusted for major confounders 

using a directed acyclic graph. Additionally, sensitivity analyses included additional possible 

confounders, nevertheless the possibility of residual and unmeasured confounding cannot 

be completely excluded. Third, interpretation of these effects as etiological relationships 

requires the assumption of consistency, or well-defined exposures. Although BMI has been 

criticized in this regard65, in populations with elevated BMIs, studies that target weight 

reduction have consistently found similar health benefits, including reduced T2DM risk, or 

improved T2DM management, regardless of the intervention5–7. Fourth, positivity, or the 

positive probability of the mediator observed at all levels of exposure and confounders, 

is required. Positivity was evaluated empirically and we found overall good overlap of 

all included confounders by BMI category. Fifth, temporality is necessary to establish 

causality66 and as both exposure and mediator were measured at baseline, it is possible that 

the mediator could have preceded the exposure. However we believe this is highly unlikely 

as prior studies have shown that in most adults, liver fat arises due to central obesity and 

insulin resistance11,67, and many epidemiological studies have consistently found obesity to 

precede NAFLD17–23. Furthermore, because our mediator was only measured at baseline, 

we were unable to use BMI or waist circumference as time-varying exposures. Future 

studies can improve on these limitations by modeling this association longitudinally. Lastly, 

marginal structural models via inverse probability weighting requires correct specification of 

models for the estimation of these weights (see Web Appendix Figs. 1–3 showing that no 

observation was given unreasonably large weights).

Our results should be interpreted in light of a few additional limitations. First, MESA did 

not include oral glucose tolerance tests, considered gold standard for diagnosing diabetes, 

or repeat measures of glycated hemoglobin (HbA1c), so we may have had some outcome 
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misclassification. Second, we only evaluated the mediating role of NAFLD, future studies 

can expand on this initial work and evaluate other mechanisms that mediate the obesity­

T2DM relationship (e.g. visceral and intramuscular fat). Third, because presently there 

are no known effective NAFLD treatments that do not also include obesity reduction, we 

did not estimate controlled effects, which are useful in prescriptive settings56, for instance 

in estimating the effect of an exposure on an outcome, holding a mediator value at a 

particular level (e.g. no liver fat). Fourth, missing covariates and attrition over time reduced 

our analytic sample by about 13%. And lastly, understanding the mechanisms linking 

obesity and T2DM, and the role that targeting NAFLD may play in T2DM prevention 

has been an area of active but inconclusive research39,40,68,69, and this is in part due to the 

fact that mechanisms of NAFLD onset remain unclear70 and additional studies, including 

interventional, may be necessary to more conclusively understand these links.

CONCLUSIONS

These data suggest that the association between obesity and T2DM risk is partially 

explained by the presence of NAFLD. Understanding the relative impact of the NAFLD 

pathway provides valuable knowledge that can be incorporated into strategies to reduce the 

negative effect of obesity on T2DM at the population level. Consistent with prior studies41, 

these results support that more evidence is needed to evaluate if NAFLD could be an 

effective target to reduce the effect of obesity on T2DM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Hypothesized causal diagram of the association between obesity and type 2 diabetes where 

“confounders” denote the same set of socio-demographic and lifestyle confounders (i.e. age, 

sex, race/ethnicity, education, diet and exercise) of the associations between obesity and 

fatty liver, obesity and type 2 diabetes, and fatty liver and type 2 diabetes. The solid arrow 

between obesity and type 2 diabetes represents the direct association and dashed arrows 

represent the indirect association via fatty liver.
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Table 1

Baseline Characteristics Overall, and by BMI Category, Among 4,522 Men and Women participating in the 

Multi-Ethnic Study of Atherosclerosis, United States, 2000–2012

BMI Category
a

Total Normal Overweight Obese

Characteristic (n = 4,522; 100%) (n = 1,221; 27%) (n = 1,913; 42%) (n = 1,388; 31%)

Incident diabetes cases. n (%) 557 (12) 54 (4.4) 207 (11) 296 (21)

Diabetes incidence rate per 16 (15, 18) 5.5 (4.2, 7.2) 14 (13, 16) 30 (27, 33)

1.000 person-years (95% CI)

Liver fat HU units, n (%)

 Quartile 1 (70 to 110) (lowest fat) 1,138 (25) 395 (32) 491 (26) 252 (18)

 Quartile 2 (64 to <70) 1,136 (25) 392 (32) 484 (25) 260 (19)

 Quartile 3 (57 to <64) 1,144 (25) 323 (26) 487 (25) 334 (24)

 Quartile 4 (−27 to <57) (highest fat) 1,104 (25) 111 (9.1) 451 (24) 542 (39)

Age, mean ± SD 62 ± 10 62 ± 11 62 ± 10 61 ± 10

Sex. n (% female) 2,417 (54) 692 (57) 898 (47) 827 (60)

Race/Ethnicity, n (%)

 White 1,853 (41) 612 (50) 753 (39) 488 (35)

 African American 1,159 (26) 219 (18) 451 (24) 489 (35)

 Hispanic 973 (22) 178 (15) 456 (24) 339 (24)

 Chinese American 537 (12) 212 (17) 253 (13) 72 (5.2)

Education, n (%)

 Less than high school 734 (16) 168 (14) 340 (18) 226 (16)

 Completed high school 797 (18) 203 (17) 335 (18) 259 (19)

 Some college 1,277 (28) 331 (27) 509 (27) 437 (31)

 ≥Bachelor’s degree 1,714 (38) 519 (43) 729 (38) 466 (34)

Diet Quality, AHEI, mean ± SD 55 ± 10 57 ± 10 55 ± 10 52 ± 10

Kcal/day, median 1522 1427 1518 1627

[interquartile range] [1116–2067] [1044–1926] [1116–2029] [1175–2201]

Intentional Exercise, 840 1043 975 630

MET-min/week, median [interquartile range] [165–2100] [315–2363] [210–2130] [0–1713]

Abbreviations: BMI, body mass index; HU, Hounsfield units.

a
BMI categories: Chinese American normal <23, overweight 23–27.4, obese ≥27.5; other: normal <25, overweight 25–29.9, obese ≥30
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Table 2

Direct and Indirect Effects of Generalized Obesity (BMI Category
a
) on Incident Type 2 Diabetes with Liver 

Fat Attenuation as a Mediator, Multi-Ethnic Study of Atherosclerosis, United States, 2000–2012

Exposure aHR
b 95% CI % mediated

Overweight vs. normal BMI 
a

Direct Effect 1.89 1.35, 2.66

27 (18, 41)Indirect Effect 1.18 1.13, 1.26

Total Effect 2.22 1.49, 2.96

Obese vs. normal BMI 
a

Direct Effect 3.25 2.30, 4.58

36 (27, 44)Indirect Effect 1.38 1.28, 1.49

Total Effect 4.48 3.02, 5.94

Abbreviations: BMI, body mass index; HR, hazard ratio.

a
BMI categories: Chinese American normal <23, overweight 23–27.4, obese ≥27.5; other: normal <25, overweight 25–29.9, obese ≥30

b
Model adjusted for age, sex, race/ethnicity, education, exercise, dietary quality and total caloric intake.
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Table 3

Direct and Indirect Effects of Central Obesity (Elevated Waist Circumference
a
) on Incident Type 2 Diabetes 

with Liver Fat Attenuation as a Mediator, Multi-Ethnic Study of Atherosclerosis, United States, 2000–2012

Exposure aHR
b 95% CI % mediated

Elevated vs. normal waist circumference 
a

Direct Effect 2.16 1.76, 2.65

32 (24, 40)Indirect Effect 1.24 1.19, 1.30

Total Effect 2.69 2.15, 3.23

Abbreviations: HR, hazard ratio.

a
Elevated waist circumference according to the Third Report of the National Cholesterol Education Program46: >102cm for men and >88cm for 

women

b
Model adjusted for age, sex, race/ethnicity, education, exercise, dietary quality and total caloric intake.
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Table 4

Direct and Indirect Effects of Central Obesity (Elevated Waist Circumference
a
) on Incident Type 2 Diabetes 

with Liver Fat Attenuation as a Mediator, Multi-Ethnic Study of Atherosclerosis, United States, 2000–2012

Exposure aHR
b 95% CI % mediated

Elevated vs. normal waist circumference 
a

Direct Effect 2.55 1.89, 3.46

27 (21, 33)Indirect Effect 1.22 1.17, 1.27

Total Effect 3.11 2.19, 4.03

Abbreviations: HR, hazard ratio.

a
Elevated waist circumference according to the International Diabetes Federation metabolic syndrome classification47: >94cm for White and 

African American men, >90cm for Chinese American and Hispanic men and >80cm for all women

b
Model adjusted for age, sex, race/ethnicity, education, exercise, dietary quality and total caloric intake.
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