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Background and Aims: NAFLD strongly associates with cardiovascular disease (CVD) risk
factors; however, the association between NAFLD and incident CVD, CVD-related mortality,
incident cancer, and all-cause mortality is unclear.

Approach and Results: We included 10,040 participants from the Framingham Heart

Study, the Coronary Artery Risk Development in Young Adults Study, and the Multi-ethnic
Study of Atherosclerosis to assess the longitudinal association between liver fat (defined on

CT) and incident CVD, CVD-related mortality, incident cancer, and all-cause mortality. We
performed multi-variable-adjusted Cox regression models including age, sex, diabetes, systolic
blood pressure, alcohol use, smoking, HDL, triglycerides, and body mass index at baseline

or time-varying covariates. The average age was 51.3 + 3.3 years and 50.6% were women.
Hepatic steatosis was associated with all-cause mortality after 12.7 years of mean follow-up
when adjusting for baseline CVD risk factors, including body mass index (HR: 1.21, 1.04-1.40);
however, the results were attenuated when utilizing time-varying covariates. The association
between hepatic steatosis and incident C\VVD was not statistically significant after we accounted
for body mass index in models considering baseline covariates or time-varying covariates. We
observed no association between hepatic steatosis and CVD-related mortality or incident cancer.

Conclusions: In this large, multicohort study of participants with CT-defined hepatic steatosis,
accounting for change in CVD risk factors over time attenuated associations between liver fat
and overall mortality or incident CVD. Our work highlights the need to consider concurrent
cardiometabolic disease when determining associations between NAFLD and CVD and mortality
outcomes.

INTRODUCTION

NAFLD is the most common liver disorder in the world, with estimates of prevalence in the
US and Europe ranging from 10% to 46%[1-3] and global estimate of prevalence of 24%.[4]
The incidence of NAFLD is rising along with an increase in NAFLD risk factors such

as obesity, insulin resistance, hyperlipidemia, and hypertension.[>] Whereas the majority

of individuals with NAFLD have good long-term prognoses, up to 20% of patients may
develop cirrhosis and hepatic complications, with NAFLD poised to become the leading
indication for liver transplantation in the US.[6-8] Despite these trends, the leading causes
of death in individuals with NAFLD are because of cardiovascular disease (CVD) and
extrahepatic malignancy.[®]

NAFLD is closely related to CVD risk factors including hypertension, hyperlipidemia,
obesity, and insulin resistance.[10-12] The relations between NAFLD and CVD are complex
and bidirectional. CVD risk factors are associated with risk of NAFLD and NASH,

the presence of NAFLD is also strongly associated with the development of metabolic
syndrome.[11.13] However, the association between NAFLD and incident CVD is unclear, as
study results are mixed. In cohort studies from the US and Europe with NAFLD diagnosis
based on diagnostic codes, NAFLD was not associated with myocardial infarction or stroke
after adjusting for CVD risk factors.[14.15] A recent meta-analysis of observational studies
demonstrated an association between NAFLD and CVD events, but there was significant
heterogeneity in CVD risk factor reporting, making it unclear whether the relation between
NAFLD and CVD events would persist after appropriate adjustment for other CVD
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risk factors.[16] Several meta-analyses with varying methods of NAFLD ascertainment
demonstrated mixed results in the association between NAFLD and both CVD-related and
all-cause mortality.[17.18]

NAFLD is also associated with increased risk of HCC, even in the absence of cirrhosis.
[19.20] However, the association between NAFLD and other cancers is only newly being
studied, and results are conflicting. A recent US community-based cohort study reported that
NAFLD was associated with higher risk of developing extrahepatic cancers after adjusting
for obesity.[21] Conversely, a recent population-based longitudinal study from Japan reported
that NAFLD was only associated with the increased risk of gastric or colorectal cancer in
combination with obesity.[22]

Thus, we conducted a large, longitudinal study of data from 3 US-based cohort studies
across diverse geographic and racial/ethnic backgrounds to evaluate the association between
hepatic steatosis and incident CVD, CVD-related mortality, cancer, and all-cause mortality.

METHODS

Study sample

We included participants from 3 longitudinal cohort studies, the Framingham Heart Study
(FHS), the Coronary Artery Risk Development in Young Adults (CARDIA) study, and the
Multi-ethnic Study of Atherosclerosis (MESA). Detailed study designs of all the 3 cohorts
have been published.[23-26] Briefly, the FHS is a single-center, community-based cohort
study that began in 1948 and includes multiple generational cohorts of participants living

in Framingham, MA. We included 2572 participants from the Offspring Cohort and the
Third Generation Cohort who underwent CT scans as part of the multidetector CT substudy
between the years 2002 and 2005.

CARDIA is a multicenter, community-based cohort study that began in 1985 and included
5115 participants aged 18-30 years from 4 different field centers (including Birmingham,
AL, Chicago, IL, Minneapolis, MN, and Oakland, CA). We included 2577 participants who
underwent a CT scan in the year 25 exam between July 2010 and August 2011.

MESA is a multicenter community-based cohort study that began in 2000, including

6814 participants aged 45-84 years. Participants were enrolled across 6 different field
centers (including Columbia University in New York City, NY, John Hopkins University

in Baltimore, MD, Northwestern University in Chicago, IL, UCLA in Los Angeles, CA,
The University of Minnesota in Minneapolis and St. Paul, MN, and Wake Forest University
in Winston-Salem, NC). We included 4891 MESA cohort participants who underwent CT
coronary (chest) scans during exam 1 between July 2000 and August 2002.

In all individual cohorts, we excluded participants who had heavy alcohol use (defined as
> 7 drinks per week for women and as = 14 drinks per week for men), missing covariates,
and missing interpretable liver CT data. For the analyses of incident CVD and CVD-related
mortality, we excluded participants with prevalent CVD at the time of liver fat assessment.
For the analyses of incident cancer and cancer-related mortality, we excluded participants
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with prevalent cancer (other than nonmelanoma skin cancers). CARDIA participants were
not included in the cancer analyses because of the lack of cancer outcome data.

The Institutional Review Boards of each institution for the individual studies approved

the original cohort studies. Participants provided signed consent for participation in each
study. The Institutional Review Board from Boston University Medical Center (IRB-Boston
University H-40090) approved the present study. All research was conducted in accordance
with both the Declaration of Helsinki and Istanbul.

CT assessment of liver fat

Covariates

We derived liver fat data from CT scans performed in each cohort study as described.[27-29]
In the multidetector CT substudy of the FHS cohort, participants underwent abdominal

CT scan [LightSpeed Ultra; General Electric (GE), Milwaukee, WI] with a radiopaque
phantom (Image Analysis, Lexington, KY) placed under each participant. The liver phantom
ratio was calculated as the ratio between the average liver attenuation [in Hounsfield units
(HU)] and the phantom HU.[301 In the CARDIA cohort, participants underwent noncontrast
abdominal CT scans with GE scanners (750HD 64 and LightSpeed VVCT 64, Milwaukee,
WI1) in the Birmingham and Oakland centers or Siemens scanners (Sensation 64, Siemens
Medical Solutions, Erlangen, Germany) in the Chicago and Minneapolis centers. In the
MESA cohort, participants underwent noncontrast cardiac CT scans using GE scanners
(Imatron C150 or LightSpeed, Milwaukee, WI) in the New York, Chicago, and Los Angeles
centers and the Siemens scanner (Volume Zoom, Erlangen, Germany) in the Baltimore,
Minneapolis, and Winston-Salem centers. In both the CARDIA and MESA studies, liver
attenuation was quantified in HU. Protocol for measurement of liver attenuation and

liver phantom ratio for each study is described in Supplementary Table 1[28.30.311 (http://
links.lww.com/HEP/B798).

The primary exposure was continuous liver fat, and the secondary exposure was
dichotomous hepatic steatosis. For the FHS cohort, continuous liver fat was defined as—
liver phantom ratio (as the liver phantom ratio decreases with increasing liver fat), and
hepatic steatosis was defined by liver phantom ratio < 0.33, which has previously been
shown to be sensitive and specific for hepatic steatosis in the FHS cohort.[27] For both the
CARDIA and MESA cohorts, continuous liver fat was defined as liver attenuation in HU,
and hepatic steatosis was defined as liver attenuation HU <51, with a further subgroup of
moderate-to-severe hepatic steatosis (defined as a liver attenuation <40 HU).[7:32]

Baseline demographic, clinical, and laboratory variables were obtained per protocol for each
cohort study. We attained the following variables: age, sex, number of alcoholic drinks per
week, current smoking (defined as smoking at least 1 cigarette per day during the previous
year), continuous systolic blood pressure (mm Hg), diabetes (defined as fasting plasma
glucose = 126 mg/dL, hemoglobin Alc = 6.5%, or treatment with an oral hypoglycemic
agent or insulin), serum triglycerides, serum HDL cholesterol, and body mass index (BMI)
in kg/m2.
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Outcomes were obtained from adjudicated event data from each cohort. The primary
outcome was incident CVD (myocardial infarction, non-myocardial infarction, acute
coronary syndrome, coronary revascularization, heart failure, stroke, and transient ischemic
attack). The secondary outcomes were CVD-related mortality, all-cause mortality, and
incident cancer (excluding nonmelanoma skin cancers such as squamous cell carcinoma

or basal cell carcinoma, nonmalignant neoplasms, and benign neoplasms).

Statistical analysis

RESULTS

We assessed the baseline clinical characteristics for each cohort, and then combined the
estimates of these characteristics. Continuous predictors were standardized by dividing the
pooled SD from the 3 cohorts. We performed a 2-stage meta-analysis. We compared the
characteristics of participants who developed primary and secondary outcomes versus those
who did not using #tests for continuous variables and chi-squared tests for categorical
variables. We used Cox regression to determine the longitudinal association between
continuous liver fat (per unit decrease in liver attenuation) and at least mild hepatic
steatosis with the outcomes of incident CVD, CVD-related mortality, incident cancer,
cancer-related mortality, and all-cause mortality. We tested the proportional assumption and
nonlinear effects. We combined log HR estimates using fixed effect model meta-analysis.
We calculated the Cochran Q and £ to evaluate the heterogeneity across cohorts. We
considered heterogeneity shown if 2 was >50%, and DerSimonian and Laird random-effects
model meta-analysis was then used for combined estimates. The random-effects model
results were reported for CVD-related mortality. We created 3 models to adjust for baseline
covariates. Model 1 included age and sex. Model 2 added known CVD risk factors of
diabetes, continuous systolic blood pressure, alcohol use, current smoking, serum HDL, and
serum triglycerides. Model 3 further adjusted for BMI as a continuous variable, as BMI is
known to weakly correlate with hepatic steatosis.[27] We also performed the Cox regression
analysis as detailed above substituting time-varying rather than baseline covariates for age,
diabetes, continuous systolic blood pressure, alcohol use, current smoking, serum HDL,
serum triglycerides, and BMI for all the 3 models. All results were expressed as HR with
95% CI. Statistical significance was defined as a 2-sided p-value < 0.05.

We further performed a sensitivity analysis using Cox regression to determine the
longitudinal association between the subgroup of moderate-to-severe hepatic steatosis and
the outcomes. Statistical significance was defined as a 2-sided p-value < 0.05. Statistical
analysis was performed with SAS software (version 9.4, Cary, NC).

Baseline characteristics

We included a total of 10,040 participants across all the 3 cohorts in our study (FHS n =
2572, CARDIA n=2577, MESA n=4891), with a total follow-up of 127,481 person-years
and a mean follow-up time of 12.7 years. Overall, the average age was 51.3 + 3.3 years
and 50.6% were women. There were 58.5% non-Hispanic White participants, 27.5% Black
participants, and 10.5% Hispanic participants. The mean BMI was 28.7+3.4 kg/m? and
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11.5% had diabetes. A total of 1808 (18.0%) participants had hepatic steatosis, with a
further 938 (9.8%) having moderate-to-severe hepatic steatosis. Full baseline characteristics
for individual cohorts and combined cohorts is listed in Table 1.

Incident CVD and CVD-related mortality

A total of 1116 participants developed incident CVD, and 333 died from CVD-related
causes over the 127,495 person-years of follow-up. In the combined cohort utilizing baseline
covariates, higher liver fat was associated with incident CVD in the age-adjusted and
sex-adjusted model (HR: 1.21, 95% CI, 1.15-1.28) and multivariable model (HR: 1.07,
1.00-1.14), but not when further adjusted for BMI. When we considered dichotomous
hepatic steatosis, results were overall similar. At least mild hepatic steatosis was associated
with incident CVD in both the age-adjusted and sex-adjusted model (HR: 1.55, 1.34-1.80)
and the multivariable model (HR: 1.18, 1.01-1.38) using baseline covariates, but results
were attenuated and no longer significant when we additionally adjusted for BMI. (Table
3). When utilizing time-varying covariates instead of baseline covariates, liver fat and at
least mild hepatic steatosis were associated with incident CVD in the age-adjusted and
sex-adjusted model, but not in the multivariable models.

Continuous liver fat and at least mild hepatic steatosis were both associated with CVD-
related mortality in the age-adjusted and sex-adjusted model when utilizing baseline
covariates (continuous liver fat: HR: 1.17, 1.05-1.31; at least mild hepatic steatosis: HR:
1.94, 1.10-3.41) and time-varying covariates (continuous liver fat: HR: 1.17, 1.04-1.30; at
least mild hepatic steatosis: HR: 1.93, 1.10-3.37), but the associations did not persist in
the multivariable models (Tables 2, 3). The results for individual cohorts are available in
Supplementary Table 2 (http://links.lww.com/HEP/B798).

All-cause mortality

A total of 1457 participants in the combined cohort died over a mean of 12.7 years. When
utilizing baseline covariates, continuous liver fat associated with all-cause mortality in the
age-adjusted and sex-adjusted model (HR: 1.12, 1.06-1.19], the multivariable model (HR:
1.09, 1.03-1.15), and the multivariable and BMI-adjusted model (HR: 1.06, 1.00-1.13)
(Table 2; Figure 1). In addition, at least mild hepatic steatosis was also associated with
all-cause mortality in all the 3 models (multivariable + BMI: HR: 1.21, 1.04-1.40) (Table 3).
However, when utilizing time-varying covariates, there was a trend toward increased risk of
mortality in the multivariable and multivariable + BMI model, but the association was only
significant in the age-adjusted and sex-adjusted model [HR: 1.34, 1.17-1.54].

Incident cancer

A total of 1084 participants developed cancer in the MESA and FHS cohorts. Continuous
liver fat and at least mild hepatic steatosis, and moderate-to-severe hepatic steatosis were
not associated with incident cancer in the individual cohorts or combined cohorts in the
age-adjusted and sex-adjusted models, multivariable models, or when further adjusted for
BMI (Tables 2, 3) when using either baseline or time-varying covariates.
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Sensitivity analysis with moderate-to-severe hepatic steatosis

Moderate-to-severe hepatic steatosis was associated with incident CVD in the age-adjusted
and sex-adjusted model (HR: 1.73, 1.43-2.08) only, and it was not associated with CVD-
related mortality in any model. Moderate-to-severe hepatic steatosis was associated with
all-cause mortality in the age-adjusted and sex-adjusted and multivariable models (HR: 1.18,
1.01-1.38), but not after including BMI. Finally, moder-ate-to-severe hepatic steatosis was
not associated with incident cancer in any model. Full results are available in Supplemental
Table 3 (http://links.Iww.com/HEP/B798).

DISCUSSION

Principal findings
In our large prospective study of over 10,000 individuals from 3 longitudinal cohorts
with 12.7 mean years of follow-up, we observed that associations between CT-defined
liver fat and incident C\VVD were no longer statistically significant if we accounted for
BMI or if we took into account time-varying covariates. Furthermore, after considering
CVD risk factors, liver fat was not significantly associated with CVD-related mortality.
Although the associations between continuous liver fat or at least mild hepatic steatosis
and all-cause mortality we present when accounting for baseline CVD risk factors and
BMI, when we considered time-varying covariates, the results were no longer statistically
significant. Finally, we observed no significant associations between liver fat and incident
cancer; however, the cancer event rate was relatively low in our younger-aged cohort.
Taken together, in our sample, the associations between liver fat and CVD risk or all-cause
mortality can largely be explained by comorbid cardiometabolic disease as liver fat did not
significantly contribute to the outcomes after considering other cardiometabolic conditions.

Liver fat and incident CVD

Our results differ from prior studies, which have relied on imaging to define NAFLD. In

a large Danish study, the highest quartile of liver fat content on CT scan was associated
with increased risk of ischemic heart disease compared with the lowest quartile, but not
after adjusting for statin therapy and BMI.[33] In the North American PROMISE trial,
CT-derived hepatic steatosis was associated with increased risk of composite all-cause death,
hospitalization for unstable angina, or myocardial infarction despite accounting for CV risk
factors that included obesity or BMI.[341 Overall, these results are similar to our findings
when adjusting for baseline covariates, but not when accounting for change in CV risk
factors over time. In addition, although they did show a positive association with their
primary outcome, the authors did not evaluate C\VVD events or CVVD-related mortality alone.
Participants enrolled in the trial were undergoing noninvasive testing for evaluation of chest
pain or other symptoms suggestive of coronary artery disease and had relatively short
follow-up, providing potential bias by increasing the number of individuals with NAFLD
with underlying coronary artery disease compared with the general population.

Our study results with time-varying analysis are similar to large-scale cohort studies that
were limited by the definition of NAFLD (defined by diagnostic codes instead of imaging)
or that lacked adjudicated CVVD outcomes. In a European study of 17.7 million individuals
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with a shorter follow-up duration (mean: 2.1-5.5 y), a diagnosis of NAFLD based on
diagnostic codes was associated with acute myocardial infarction and stroke when adjusting
for age, sex, and smoking, but not after additionally adjusting for systolic blood pressure,
diabetes, hypertension, statin use, or total cholesterol levels.[4] In a large midwestern

US study, NAFLD based on diagnostic codes was not associated with incident CVD

when 3 adjusting for diabetes, hypertension, and hyperlipidemia.[3%] Our results suggest
that a possible explanation for discordant results in the literature largely stems from how
coexisting cardiometabolic disease risk factors are handled in models predicting outcomes.
Persons with NAFLD often have a complex interplay between multiple cardiometabolic
traits, which overall contribute strongly to their risk for incident CVD, CVD-related
mortality, and overall mortality.

Liver fat, CVD-related mortality, and all-cause mortality

Several studies have also evaluated the association between NAFLD, CVD-related mortality,
and all-cause mortality with mixed results. In the Third National Health and Nutrition
Examination Survey (NHANES I111), the presence of ultrasound-defined NAFLD was
associated with an increased risk of CVD-related mortality in those aged 60—74, but not
those above the age of 74 years.[36] Our study had fewer CVD-related deaths compared
with CVD events (333 vs. 1166), reflecting the younger age of the cohort. Our null findings
between hepatic steatosis and CVD-related mortality may not be applicable to an older
population. Large meta-analyses evaluating NAFLD based on imaging or histology and
CVD outcomes have differing results regarding CVD-related mortality. A meta-analysis of
16 observational studies reported that hepatic steatosis was associated with an increased
risk of fatal CVD events,[16] but outcomes were not adjudicated, and individuals with
prevalent CVD were not excluded from the study, likely increasing the risk of fatal CVD
events within the individual study populations. However, another meta-analysis of 14 studies
showed that NAFLD was associated with an increased risk of all-cause mortality, but not
CVD-related mortality,[*7] similar to our findings when only using baseline covariates. The
meta-analysis also did not exclude those with prevalent CVD, and did include studies with
participants with cirrhosis and potentially higher risk of overall mortality. The discrepancy
in outcomes between our multicohort study and meta-analyses in the literature may be due
to both the method of ascertaining hepatic steatosis using CT liver attenuation (rather than
ultrasound findings), more robust CVD risk factor adjudication in our longitudinal cohorts,
and differences in baseline versus time-varying covariates.

Liver fat and incident cancer

Several recent cohort studies have observed an association between NAFLD and
extrahepatic malignancy, differing from our study results. A Japanese cohort study showed
that there was an increased risk of gastric or colorectal cancer only among individuals with
both NAFLD and obesity,[22] but a large US cohort study showed that there was an increased
risk of extrahepatic cancers among individuals with NAFLD compared with those without
NAFLD.[2 In a further subgroup analysis in the US study, the incident risk of cancer

was higher in obese individuals with NAFLD compared with nonobese individuals without
NAFLD. However, they did not compare obese to nonobese individuals with NAFLD,

and it is not clear whether the higher incidence rate could be in part driven by BMI.
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Finally, in a Swedish population-based study, NAFLD based on histology was associated
with an overall increased risk of extrahepatic cancer, and an individual increased risk of
pancreatic cancer, kidney/bladder cancer, and melanoma, but not gastric, colorectal cancer,
or other solid organ cancers.[37] Although the authors were able to conduct propensity score
matching with metabolic syndrome, the lack of data regarding BMI and the inconsistency
with administrative data leads to potential continued confounding, particularly with respect
to obesity.

These studies showed different associations for individual types of cancer, which may be
due to the different study populations with uncontrolled confounding factors and different
methods of ascertainment of NAFLD. The event rate for cancer in our study is too low to
corroborate the findings from these prior studies because of the young age of our cohort.
However, future data from our cohort may be able to shed light on the association between
NAFLD and incident cancer after accounting for BMI.

The results of our study indicate that even though liver fat is associated with incident CVD
when accounting for baseline risk factors such as diabetes, hyperlipidemia, hypertension,
smoking, and alcohol use, the association was nonsignificant after the addition of BMI.

In addition, this association was attenuated when adjusting for time-varying risk factors.
Neither BMI nor NAFLD are incorporated into current CVD risk models,[38] but if BMI
were included, the addition of NAFLD would be unlikely to change the risk estimate.
Further long-term studies will be necessary to determine whether individuals with NAFLD
and certain categories of obesity would benefit from increased surveillance for the
development of other cardiometabolic comorbidities and CVD. Finally, our study population
included unselected individuals who had not sought medical care and were unaware of
their diagnosis of NAFLD before study participation and imaging. Given the association
between liver fat and all-cause mortality when adjusting for baseline CVD risk factors, the
study highlights the importance of recognizing NAFLD as an important clinical entity for
increased risk of death. However, an emphasis should still be placed on controlling other
CVD risk factors as they likely play a stronger role in overall outcomes. Future studies
should evaluate whether targeted therapy in individuals with NAFLD and adjusting for
changes in liver fat over time may improve overall mortality.

Strengths and limitations

This study has several major strengths, including a large multicohort, community-based
sample that is geographically and racially/ethnically diverse, representing 10 different cities
within the US, increasing generalizability to the US population. The study design for each
individual cohort is robust, with multiple physical examinations, laboratory measurements,
and interviews to record accurate CVD risk factor information and exclude those who

had prevalent CVD from our analysis. Each cohort also had robust event adjudication to
more accurately measure CVD, cancer, and mortality events. In addition, one of the major
strengths of the study is in the ascertainment of liver fat and hepatic steatosis. Unlike

many large cohort studies, we were able to not only diagnose the presence of hepatic
steatosis on CT scan, but quantify the degree of hepatic steatosis with both a measurement
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of continuous liver fat and a subgroup of moderate-to-severe hepatic steatosis based on
previously authenticated methods. Ours is one of the first studies to evaluate continuous liver
fat in relation to incident CVVD and mortality outcomes.

Our study also has several limitations. There is a low number of CVD deaths and incident
cancer in our combined cohort compared with other studies, likely reflective of the smaller
overall number of participants and the younger age of our cohorts—it is unlikely that
NAFLD would have a large effect on CVVD-mortality with this age group, and it may

be worth evaluating in the cohort at a later time. Although our baseline prevalence of
diabetes and BMI is lower than in other NAFLD cohorts, it is similar to prior NHANES
data reflecting the prevalence in our population between 2000 and 2010.[39-41] There

was heterogeneity among the cohorts in CVD-related mortality, and despite reporting the
random-effects model results, the cohorts may not have equal contribution to the combined
HR. Although we were also able to evaluate the association between hepatic steatosis

and incident cancer, our cancer event rate was low, and we only had data available in

the MESA and FHS cohorts without specific cancer diagnoses. Although the CVD risk
factors we include are the leading risk factors for all-cause mortality, there are still potential
unmeasured confounders that we do not explore, such as other medical comorbidities and
socioeconomic status. Although we are able to use liver attenuation in HU for each cohort,
the dates of CT measurements and type of scanners used vary, increasing the possibility

of differences in image acquisition and liver fat assessment. CT scans are also unable to
identify the subgroup of individuals with NASH, analysis of which may show differing
results when compared with all-inclusive NAFLD. Finally, although we are able to adjust
for CVD risk factors that change over time, we could only adjust for baseline liver fat and
hepatic steatosis as an attempt to include limited data available for time-varying liver fat
would have resulted in decreased power of the study.

CONCLUSIONS

In this large, US multicohort study, we report that a diagnosis of NAFLD based on CT
imaging is associated with increased risk of incident CVD only when accounting for
baseline CVD risk factors other than BMI, and that liver fat confers additional risk in
all-cause mortality regardless of baseline CVD risk factors including BMI. Although there
is still a trend toward increased risk of CVD and all-cause mortality, the associations are no
longer significant when adjusting for change in CVD risk factors over time, suggesting that
these risk factors play a more clinically relevant role. The differing results when compared
with studies that also use similar event adjudication and CT-defined NAFLD highlight the
importance of including longer-term data that captures the change in CVD risk factors

in future studies. Future studies should evaluate whether modifying cardiometabolic risk
factors leads to reduced risk of liver and cardiovascular events in persons with NAFLD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

Forest plot (HR, 95% CI) for continuous liver fat and incident cardiovascular disease,
cardiovascular disease-related mortality, and all-cause mortality in the individual and
combined cohorts in the multivariable and body mass index model. Continuous liver fat
is measured per unit increase in SD. Abbreviations: CARDIA, Coronary Artery Risk

Development in Young Adults Study; CVD, cardiovascular disease; FHS, Framingham

Heart Study; MESA, Multi-Ethnic Study of Atherosclerosis.
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