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Abstract

Background & Aims: Nonalcoholic fatty liver disease (NAFLD) can develop in individuals who are
not overweight. Whether lean persons with NAFLD have lower mortality and lower incidence of
cirrhosis, cardiovascular diseases (CVD), diabetes mellitus (DM), and cancer than
overweight/obese persons with NAFLD remains inconclusive. We compared mortality and

incidence of cirrhosis, CVD, DM, and cancer between lean versus non-lean persons with NAFLD.

Methods: This is a retrospective study of adults with NAFLD in a single center from 2012 to 2021.
Primary outcomes were mortality and new diagnosis of cirrhosis, CVD, DM, and cancer.
Outcomes were modeled using competing risk analysis and Cox proportional hazards regression

analysis.

Results: A total of 18,594 and 13,420 patients were identified for cross-sectional and longitudinal
analysis, respectively: approximately 11% lean, 25% overweight, 28% class 1 obesity, and 35%
class 2-3 obesity. Median age was 51.0 years, 54.6% were women. Median follow-up was 49.3
months. Lean patients had lower prevalence of metabolic diseases at baseline and lower
incidence of cirrhosis and DM than non-lean patients and no difference in CVD, any cancer or
obesity-related cancer during follow-up. However, lean patients had significantly higher mortality
with incidence per 1,000 person-years of 16.67, 10.11, 7.37, and 8.99, respectively in lean,

overweight, obesity class 1 and obesity class 2-3 groups, respectively.



Conclusions: Lean patients with NAFLD had higher mortality despite lower incidence of cirrhosis
and DM, and similarincidence of CVD and cancer and merit similar if not more attention as non-

lean patients with NAFLD.



Introduction

Nonalcoholic fatty liver disease (NAFLD) is the leading cause of chronic liver disease,
affecting 25% of the population worldwide, and its clinical burden is expected to rise.! NAFLD is
strongly associated with obesity and its comorbidities but can alsodevelop inindividuals who are
not overweight (“lean NAFLD"”).2 The prevalence of lean NAFLD among the general population is
10-20% with most studies reported from Asian countries, and the highest prevalence reported
in Mexico (37%).3°

NAFLD is associated with a wide spectrum of extrahepatic diseases, suchas cardiovascular
diseases (CVD), metabolic diseases (diabetes mellitus [DM], hypertension, dyslipidemia), chronic
kidney diseases (CKD), or cancers.”-8 Several cross-sectional studies have evaluated prevalence of
hepatic and extra-hepatic diseases among lean versus obese individuals with NAFLD. A cross-
sectional analysis of the TARGET-NASH study cohort with 3,386 NAFLD patients in the US found
a lower prevalence of cirrhosis, DM, and CVD in lean individuals compared to overweight/obese
individuals.? Another study from Austria with 4,091 NAFLD participants had similar findings with
lower prevalence of metabolic diseases (DM, metabolic syndrome, hypertension, dyslipidemia)
and lower Framingham risk score for CVD but no significant difference in prevalence of coronary
artery disease in lean patients compared with overweight/obese patients.’ By contrast, a recent
Korean study with 4,786 NAFLD patients found higher atherosclerotic CVD scores among lean
persons.19 However, cross-sectional studies can only show an association but not a cause-effect
relationship.

Data on the impact of baseline body mass index (BMI) on the incidence of outcomes such

ascirrhosis, CVD, cancers, and mortality among patients with NAFLD are limited. One longitudinal



study on the natural history of NAFLD in lean subjectsincluded 1,090 US participants with biopsy-
proven NAFLD followed for a mean of 133 + 81.3 months demonstrated increased overall-
mortality in lean patients compared to non-lean patients despite lower prevalence of metabolic
diseases and advanced fibrosis.'! Aretrospective cohort study from the Olmsted county database
with 4,834 NAFLD patients with median follow-up of 6.4 years showed similar findings with
higher overall mortality in the lean persons and no significant differences in risk of cirrhosis,
hepatic decompensation, CVD events, or malignancy between lean and obese persons.1? Finally,
a recent multi-center study from Western countries with 1,339 participants with biopsy-proven
NAFLD with median follow-up of 94 months, demonstrated lower prevalence of non-alcoholic
steatohepatitis (NASH), advanced fibrosis, and DM among lean versus obese individuals but no
significant differences in overall-mortality or incidence of liver-related events between lean
versus non-lean participants.> Notably, the criteria for inclusion and the definition of outcomes
in these published studies were not uniform. Given these inconsistencies, we conducted a
comprehensive evaluation of multiple outcomes in a large cohort of patients with NAFLD with
the aimto compare the mortality and incidence of cirrhosis, CVD, DM, and cancers between lean

versus overweight and obese individuals with NAFLD.

Methods



Study population

This is a retrospective cohort study of adult patients diagnosed with NAFLD at the
University of Michigan Health System between January 1, 2012 and December 1, 2021. The study
was approved by the institutional review board of the University of Michigan.

Inclusion criteria were the presence of NAFLD defined as hepatic steatosis without an
alternative etiology (Supplementary Table 1). We identified patients with hepatic steatosis on
imaging or biopsy based on a validated natural language processing algorithm previously
described 13, or vibration controlled transient elastography (VCTE) showing controlled
attenuation parameter (CAP) >250 db/m.'* In brief, the algorithm screened imaging or biopsy
reports for the terms “fatty” or “steato” appearing in the same sentence as “liver” or “hepat”,
then excluded reports with terms of negation (“no hepatic steatosis”) or evaluation (“rule out
hepatic steatosis”). This algorithm had been previously shown to have a positive predictive value
(PPV) >95%.13 Over 95% of our cohort had an initial diagnosis of NAFLD at our center based on
imaging, 3.4% based on transient elastography and 1.6% on liver biopsy.

The study has two components: a cross-sectional analysis to compare prevalent/baseline
clinical characteristics and comorbidities of lean versus non-lean patients with NAFLD, and a
longitudinal analysis to determine mortality and incidence of clinical outcomes of lean versus
non-lean patients. The index date was defined as the date when a patient was first diagnosed
with NAFLD at our center. Follow-up time was defined as the interval from the index date to the
date of the last clinical encounter, death, or study end date (December 1, 2021), whichever was
earlier. For both cross-sectional and longitudinal analyses, we excluded participants with (i) age

<18 or >80 years (n = 1,627); (ii) other causes of liver disease (n=4,577); (iii) significant alcohol



consumption defined as >7 drinks/week in women and >14 drinks/week in men (n = 690) 1>; (iv)
BMI <18.5 kg/m? (n = 199); (v) cancer diagnosis other than non-melanoma skin cancer up to 1
year after the index date (n = 8,535) since low BMI in these patients may be due to the cancer;
(vi) previous history of bariatric surgery (n = 550); (vii) unknown race/ethnicity data, or missing
important laboratory data such as aspartate aminotransferase (AST), alanine aminotransferase
(ALT), or platelet (n = 17,087) within 12 months of the index date; or (viii) baseline cirrhosis with
portal hypertension, ascites, esophageal varices, or hepatic encephalopathy since ascites may
affect BMI (n = 1,247). For the longitudinal analysis, we further excluded those with a follow-up

time of less than 365 days. (Figure 1)

Study Outcomes and Variable Definitions

For the cross-sectional analysis, the primary outcomes were the prevalence of cirrhosis,
CVD, metabolic diseases, and chronic kidney disease (CKD) stage 3-5. Specifically, CVD comprised
four types of diseases: coronary artery disease (CAD), cerebrovascular accident (CVA), peripheral
arterial disease (PAD), and congestive heart failure (CHF). Metabolic diseases included DM,
dyslipidemia, and hypertension. The prevalence of diseases of interest was defined as any
diagnosis before or up to 90 days after the index date.

For the longitudinal analysis, the primary outcomes were overall mortality and incidence
of CVD, cirrhosis, liver-related events (LREs) (ascites, variceal bleeding, hepatic encephalopathy,
or HCC), DM, obesity-related cancer, and any cancer. We excluded patients with baseline
cirrhosis from LREs incidence analysis because the interest of our study was identifying

progression from non-cirrhotic NAFLD to LREs, rather than from compensated cirrhosis to



decompensation. Obesity-related cancer included malignant neoplasms of gastrointestinal tract
and liver, breast, thyroid gland, uterus, ovary, kidney, as well as multiple myeloma.'® We
evaluated the association between Fibrosis-4 (FIB-4) as non-invasive fibrosis score and the
incidence of liver cirrhosis and LREs among NAFLD patients stratified by BMI category.!” Mortality
was identified based on linkage to the Michigan Department of Vital and Health Records
database; all deaths occurring in the state of Michigan are required to be reported to the
Department. Cause of death was mainly based on International Classification of Diseases (ICD-
10-CM) code provided. Causes of death were then grouped into organ/system-level cause. We
manually reviewed the medical records of 20 patients who died at our hospital and found that
the ICD-10 code assigned by the Michigan Death Index corresponded with the primary or a
contributing cause of death in 19 (95%) of cases. Incident disease was defined as any new
diagnosis after 365 days from the index date among patients with no prevalent disease.

The majority of outcomes and comorbidities were diagnosed based on ICD codes 1°
(Supplementary Table 1). For cirrhosis, we demonstrated that the ICD codes used had a positive
predictive value (PPV) of 86%.18 We additionally assessed the sensitivity of ICD codes for cirrhosis
and found that 46% of 582 NAFLD patients with evidence of cirrhosis on imaging had at least one
ICD code for cirrhosis within 6 months of the imaging with no meaningful differences in sensitivity
(41-51%) or specificity (298%) across BMI categories. Previous studies have validated the
accuracy of diagnosis of CVD based on ICD codes with PPV greater than 90% 1°! and large
epidemiologic studies found PPV of 80% for diagnosis of all malignant tumors by ICD coding.??72>
Chronic kidney disease (CKD) stage 3-5 was based on an estimated glomerular filtration rate of

less than 60 ml/min/1.73m2.26



Body Mass Index

The NAFLD cohort was stratified into 4 subgroups based on average BMI values within a
6-month period around the index date. The World Health Organization recommendations for
Asian and non-Asian BMI cutoffs 27-28 were applied to categorize patients into lean, overweight,
class 1 obesity, and class 2-3 obesity.

Given that weight and therefore BMI category may change during follow-up, we
conducted a sensitivity analysis in which only patients whose weight category did not change
during follow-up were included.

Genotyping and genetic analysis

A subset of our cohort was enrolled in Michigan Genomics Initiative, a prospective
cohort of Michigan Medicine patients undergoing genotyping for research purposes.?® Subjects
were genotyped using an lllumina HumanCoreExome v.12.1 array. Among these patients, we
compared the distribution of PNPLA3-rs738409 genotype (defined as 0, 1, or 2 copies of the risk
allele PNPLA3-rs738409-G). The chi-square test was used to compare the genotype distribution

among NAFLD patients based on BMI category.

Statistical Analyses

Baseline characteristics were compared between groups by the Chi-square test for
categorical variables and the Kruskal-Wallis test for continuous variables. For descriptive
statistics, the baseline characteristics were reported by number and percentages for categorical
variables and median and interquartile range (IQR) for continuous variables. We used

multivariable logistic regression analyses to determine the independent associations between
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the prevalence of diseases and NAFLD after adjusting for confounders including age, sex, race,
smoking status, alcohol consumption, type 2 DM, hypertension, dyslipidemia, and use of aspirin
or statin.

The cumulative incidence of death by BMI category was calculated using Kaplan-Meier
estimates. For evaluation of incident events, we required >1 year of follow-up. Time at risk was
defined as the time from the index date to the date of recorded death or last visit. The log-rank
test was applied to compare differences in the cumulative incidence of death between groups.
For the outcome of mortality, we evaluated the effect of the BMI category using a Cox
proportional hazards model. For all other outcomes (CVD, cirrhosis, etc.), we evaluated the
cumulative incidence and the effects of the BMI category using a Fine-Gray competing risk model,
with death without the outcome of interest as a competing event. For both model types, we
adjusted for the same covariates as in the prevalent disease analyses. We performed additional
analysis to assess association between PNPLA3-rs738409 genotype and risk of mortality and
incidences of diseases among NAFLD patients stratified by BMI category adjusted for the same
covariates with genetic principal components to account for race and ethnicity. We also
performed sensitivity analysis among NAFLD patients with no change in BMI category throughout
follow-up and separate analysis for smokers and non-smokers. For cause of death analysis, F-test
was used to compare the differences between the lean and non-lean groups.

All analyses were performed in RStudio with R version 4.1.2. A two-tailed P <0.05 was

considered statistically significant.
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Results

Cross-sectional analysis

A total of 18,594 patients with NAFLD were included in the cross-sectional analysis: 2,137
lean, 4,692 overweight, 5,234 with class 1 obesity, and 6,531 with class 2-3 obesity. As shown in
Table 1, lean individuals were more often female, more likely to have active tobacco use and
prior CVA, and had lower prevalence of metabolic abnormalities including DM, hypertension,
dyslipidemia, CKD stage 3-5 and CAD than non-lean individuals. The lean individuals also had
lower levels of liver enzymes, total cholesterol, low-density lipoprotein, and triglycerides and
higher level of high-density lipoprotein compared with non-lean individuals (p<0.05 for all). There
was no significant difference in race distribution between lean and overweight/obese groups,
though our cohort was predominantly Caucasian.

Multivariate logistic regression analysis demonstrated that the overweight group had a
significantly lower prevalence of CVA and PAD with adjusted odds ratio (OR) and 95% confidence
interval (Cl) of 0.68 (95% ClI 0.54-0.86, P = 0.001) and 0.73 (95% Cl 0.58-0.93, P = 0.01),
respectively, and the obese groups (class 1 and class 2-3) had significantly lower prevalence of
CAD, CVA, PAD and any CVD (all P values <0.001), compared to the lean group (Table 2). The
prevalence of cirrhosis and CKD stage 3-5 was significantly higher in the obesity class 2-3 group
compared with the lean group, with an adjusted OR 1.66 (95% Cl 1.11-2.58, P = 0.019) and 1.22

(95% C11.03-1.44, P =0.02), respectively (Table 2).
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Subgroup analysis of CVD prevalence among smokers and non-smokers

Since lean persons with NAFLD were more likely to be current smokers than non-lean
persons with NAFLD (P <0.0001), we performed a subgroup analysis to compare the prevalence
of CVD across BMI categories separately for never smokers (n = 12,846), former smokers (n =
3,993), and current smokers (n = 1,755) (Supplementary Table 2). Among never smokers,
multivariate logistic regression analysis demonstrated that the odds of CVD prevalence were
significantly lower in non-lean than lean persons, with adjusted OR of 0.82 (95% Cl 0.68-0.99, P
=0.04) for overweight individuals, 0.72 (95% Cl1 0.60—0.87, P <0.001) for obesity class 1, and 0.78
(95% Cl 0.65—0.94, P = 0.007) for obesity class 2-3 vs. lean persons. Among former smokers and
current smokers, there were no significant differences in CVD prevalence between lean and non-
lean individuals (all P values >0.05). Overall, the higher prevalence of CVD among lean subjects

with NAFLD compared to non-lean subjects was mainly attributed to never smokers.

Longitudinal analysis

A total of 13,420 patients with NAFLD were included in the longitudinal analysis: 1,454
lean, 3,373 overweight, 3,830 class 1 obesity, and 4,763 class 2-3 obesity. Median (IQR) follow-
up time was 49.3 (29.2-79.8) months and total follow-up of 64,149 person-years. Roughly half
(54.6%) of the patients were female, 80.7% were Caucasian, 8.6% African American, 4.9% Asian,

and 5.8% other/mixed races.

Risk of overall mortality and causes of death
During follow-up, a total of 616 patients died, including 111 lean, 162 overweight, 136

obesity class 1, and 207 obesity class 2-3 individuals, with incidence per 1,000 person-years of
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16.67,10.11, 7.37, and 8.99, respectively (p < 0.0001). Cumulative incidence of mortality is shown
in Figure 2A. Compared to lean individuals, overweight (adjusted HR 0.54, 95% Cl 0.42-0.69, P
<0.001), obesity class 1 (adjusted HR 0.40, 95% Cl 0.31-0.52, P <0.001), and obesity class 2-3
(adjusted HR 0.52, 95% CI1 0.41-0.66, P <0.001) individuals had significantly lower mortality after
adjusting for confounders (Table 3). After adjusting for Charlson Comorbidity Index, overweight
(adjusted HR 0.44, 95% C10.27-0.71, P <0.001), obesity class 1 (adjusted HR 0.34, 95% Cl| 0.21—
0.56, P <0.001), and obesity class 2-3 (adjusted HR 0.30, 95% Cl 0.19-0.49, P <0.001) individuals
still had significantly lower mortality. The causes of death were mainly CVD (190, 30.8%),
neoplasms (103, 16.7%), and respiratory diseases (75, 12.2%) with no statistically significant
differences in causes of death between lean and non-lean groups (Table 4). CVD-related deaths
were reported in 26.1%, 28.4%, 33.1%, and 33.8% of all deaths inlean, overweight, obesity class
1, and obesity class 2-3 groups, respectively. Compared with the non-lean group, the lean group
tended to die more often from respiratory (15.3% vs 11.5%), metabolic (8.1% vs 5.3%), liver (7.2%
vs 5.0%), mental-neurological (8.1% vs 6.1%), and infectious (5.4% vs 4.2%) diseases, though the
differences were not statistically significant. None of the lean persons with NAFLD died from DM
related causes in this cohort.

We alsoperformed subgroup analysis tocompare mortality between non-obese (lean and
overweight) versus obese patients with NAFLD. Compared to non-obese patients, obese
individuals had a significantly lower mortality after adjusting for confounders (adjusted HR 0.71,

95% C10.60-0.83, P<0.001) (Supplementary Figure 1).
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Risk of type 2 DM

There were 846 incident cases of type 2 DM, of which 45 were in lean, 254 in overweight,
393 in obesity class 1, and 154 in obesity class 2-3 individuals, with the incidence per 1,000
person-years of 8.62, 12.50, 18.89, and 27.05, respectively (p <0.0001). The cumulative incidence
of type 2 DM among the 4 groups is displayed in Figure 2B. The risks of incident DM among
patients in obesity class 1 and obesity class 2-3 were significantly higher than the lean patients,
with adjusted HR 1.78 (95% Cl 1.29-2.45, P <0.001) and 2.85 (95% Cl 2.08-3.91, P<0.001) (Table

3).

Risk of CVD

There were 719 events of any CVD during the study, with 43 in lean, 195 in overweight,
286 in obesity class 1, and 195 in obesity class 2-3 patients. The incidence per 1,000 person-years
of CVD in each weight category was 8.67, 15.95, 13.85, and 16.22, respectively (p <0.001). The
cumulative incidence of any CVD is displayed in Figure 2C. In the competing risk analysis,
compared to lean individuals with NAFLD, there was a marginally significantincreased risk of any
CVD in overweight (adjusted HR 1.40, 95% CI 1.00-1.95, P = 0.051) but not in obese individuals
(Table 3). We stratified by smoking status and found no difference in CVD incidence in lean vs.
non-lean persons among never smokers, ever smokers, or current smokers (Supplementary

Table 3).

Risk of cirrhosis and LREs
Of the 12,646 NAFLD individuals with no cirrhosis at study entry, 254 developed cirrhosis

during follow-up, with the incidence per 1,000 person-years of 1.97, 3.35, 3.62, and 5.81 in lean,
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overweight, obesity class 1, and obesity class 2-3 groups, respectively (p <0.0001). The cumulative
incidence of cirrhosis based on the competing risk analysis is displayed in Figure 2D. Compared
with lean individuals, obesity class 2-3 individuals were more likely to develop cirrhosis with
adjusted HR 2.19 (95% CI 1.20-4.01, P =0.01) (Table 3). In FIB-4 category 1.3-2.67, the incidence
of cirrhosis was significantly higher among patients with obesity class 2-3 compared to lean
patients only as well as to non-obese (lean + overweight) patients (Supplementary Table 4).
Patients with obesity class 2-3 also had higher incidence of cirrhosis compared with overweight
patients in those with FIB-4>2.67. There was no significant difference in LREs between lean and

non-lean persons with NAFLD (Table 3) regardless of FIB-4 category (Supplementary Table 4).

Risk of any cancer and obesity-related cancer

For any cancer, there were 556 total events with incidence per 1,000 person-years of 9.10,
10.82, 9.05, 8.93, and 8.80 in lean, overweight, obesity class 1, and obesity class 2-3 groups,
respectively (p = 0.51). The cumulative incidence of any cancer is shown in Figure 2E and the
competing risk analysis of any cancer displayed in Table 3 shows no significant difference across
the groups.

There were 243 obesity-related cancer, with 24 in lean, 71 in overweight, 94 in obesity
class 1, and 54 in obesity class 2-3 groups, and incidence per 1,000 person-years of 3.94, 3.54,
4.01, and 4.29 events, respectively (p = 0.73). The cumulative incidence of obesity-related cancers
among the 4 groups is illustrated in Figure 2F. There was no statistically significant difference in
risk of obesity-related cancers among overweight (adjusted HR 0.87, P = 0.58), obesity class 1
(adjusted HR 0.97, P = 0.90), and obesity class 2-3 (adjusted HR 1.02, P = 0.93) individuals

compared to leanindividuals (Table 3).
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Sensitivity analysis among patients with no change in BMI category during the follow-up
period

We conducted a sensitivity analysis of subjects whose BMI category did not change
throughout the follow-up period of this study. A total of 3,773 (28.1%) patients were included
(370 lean, 680 overweight, 538 obesity class 1, and 2,185 obesity class 2-3). The cumulative
incidence of any CVD, CAD, type 2 DM, obesity-related cancer, and all cancer using the competing
risk model are shown in Supplementary Figure 2. Among the patients who stayed in the same
BMI category, cumulative incidences of any CVD (P = 0.03), cirrhosis (P <0.001), and type 2 DM
(P <0.001) were significantly different among different BMI categories with the persistently lean
group having lower incidences of these outcomes. However, the mortality in the persistently lean

group remained significantly higher than in the non-lean groups (Supplementary Table 5).

Sensitivity analysis among smokers versus non-smokers during the follow-up period

A total of 13,420 patients were included—9,113 never smokers, 1,275 current smokers,
and 3,032 former smokers. Among never and former smokers, the lean subgroups had
significantly higher cumulative incidence of death compared with the non-lean subgroups (both
P < 0.05), and a trend toward a higher cumulative incidence of death in lean vs non-lean
subgroups among current smokers (P = 0.057) (Supplementary Figure 3).
Sensitivity analysis among patients with available PNPLA3-rs738409 genotype

A total of 3,039 patients with NAFLD: 259 lean, 652 overweight, and 2,128 obese, followed
for a median (IQR) of 54.7 (28.0-86.6) months and total follow up of 15,311 person-years were
studied. 84.1% were Caucasian, 6.4% African American, and 3.3% Asian. PNPLA3 genotype was

CC, CG, and GG in 52.7%, 38.1%, and 9.2% of patients overall; 43.2%, 38.0%, and 8.7% of obese
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patients; and 51.4%, 38.3%, and 10.3% of lean/overweight patients (p>0.05). NAFLD patients
with PNPLA3 GG, but not those with CG genotype, had higher incidence of cirrhosis with adjusted
HR 2.23 (95% Cl 1.25-4.00, p-value=0.007) compared to patients with CC genotype
(Supplementary Table 6). This was true in both obese and non-obese patients. PNPLA3 GG was
significantly associated with LREs in the overall cohort with adjusted HR 1.87 (95%Cl 1.04-3.34,
p-value=0.04), and in obese patients with adjusted HR 6.26 (95%Cl 1.81-21.65, p-value=0.004)
but not in the non-obese (lean/overweight) patients, compared to patients with CC genotype.
PNPLA3 genetic variants were not associated with all-cause mortality or incidence of CVD, DM,

or cancer (Supplementary Table 6).

Discussion

In this study of more than 10,000 patients with NAFLD including nearly 1,500 lean persons
followed for up to 10 years, we found that lean persons with NAFLD had a lower incidence of
cirrhosis and DM and a similar incidence of CVD than overweight/obese persons with NAFLD.
Despite similar or lower incidence of cirrhosis, DM and CVD and a lower prevalence of metabolic
diseases atinitial diagnosis, lean persons with NAFLD had significantly higher overall mortality.
The finding of a significantly higher mortality among lean persons with NAFLD compared to
overweight/obese persons with NAFLD remained true in a sensitivity analysis of the subgroup
who stayed in the same weight category throughout the duration of follow-up and among the
subgroups of smokers and non-smokers. This finding is relevant to a large proportion of patients
with NAFLD, as 27% patients with NAFLD are lean and this proportion is even higher in Asian

(27%-36%) than Western populations (10%-23%).30
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We found that lean individuals in our cohort were more likely to be smokers than
overweight/obese individuals. However, prevalence of CVD in particular, PAD and CVA, and to a
lesser extent CAD were significantly higher in lean individuals, even after adjusting for smoking
status. The explanation for the higher prevalence of CVD among lean individuals with NAFLD is
not clear. One study found that lean Caucasians with NAFLD showed distinct metabolomics
profiles compared to overweight/obese individuals with NAFLD.3! Another hypothesis that has
been proposed is that lean persons with NAFLD are more prone to have sarcopenia and
expansion of visceral adipose tissue may play a role not only in the pathogenesis of NAFLD but
also atherosclerosis and CVD.32:33

In our longitudinal analysis, we found a lower incidence of cirrhosis and DM among lean
individuals with NAFLD compared to overweight/obese individuals with NAFLD with no
significant differences in incident CVD, all cancers or obesity-related cancers. A prospective
cohort study from US with 394 NAFLD patients (diagnosed with ultrasound or histology) with
median follow-up of 5.7 years also found no significant difference in incidence of CVD between
obese versus non-obese patients with NAFLD.3* In contrast, a recent study from the Olmsted
county database and a multicenter-study from four countries (ltaly, United Kingdom, Spain, and
Australia) showed no significant differences in the incidence of both liver and non-liver events:
cirrhosis, liver-related events/decompensation, DM, and CVD between lean and obese subjects
with NAFLD.>12 Non-invasive fibrosis scores such as FIB-4 has been proposed to risk stratify
patients with NAFLD for liver-related outcomes.3> We found that patients with obesity class 2-3
had significantly higher incident cirrhosis than lean and non-obese (lean + overweight) patients

among those with intermediate FIB-4 score 1.3-2.67. In addition, among patients with FIB-4
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score >2.67, obesity class 2-3 subjects had significantly higher risk of cirrhosis than overweight
persons indicating an urgency in weight control among patients with intermediate or high FIB-4
scores.

An intriguing finding from this study is a significantly higher mortality among lean
individuals with NAFLD compared with non-lean individuals, though we did not find significant
differences in the distribution of causes of death between the two groups. We also found a
significantly higher mortality among non-obese (lean and overweight) individuals compared with
obese individuals. A nationwide study of 646 patients with biopsy-confirmed NAFLD in Sweden
followed for a mean of 20 years demonstrated that patients with normal BMI had significantly
higher liver-related death than overweight and obese patients (8.1% vs 3.0% and 8.1% vs 4.3%,
respectively, p-value <0.001), and a higher incidence of severe liver disease defined as a diagnosis
of cirrhosis, decompensated liver disease, hepatocellular carcinoma, or liver failure, compared
with overweight patients (15.5% vs 9.3%, p-value <0.001).2¢ A population-based study from
Olmsted County with 4,834 NAFLD individuals identified by ICD-code with/without imaging
diagnosis alsodemonstrated a higher all-cause mortality in lean individuals compared with obese
individuals with HR 1.96 (95% 1.52-2.51) and no significant difference in distribution of deaths.12
A multicenter study from Europe and Australia of 1,339 patients biopsy-confirmed NAFLD found
no significant difference in overall mortality between lean versus non-lean patients but obese
patients had significantly higher overall mortality compared to non-obese patients.> A
longitudinal U.S. population based study using National Health and Nutrition Examination Survey
with 4,711 persons identified as having NAFLD based on US fatty liver index (3,183 obese, 1,299

overweight, and 229 lean) 230, found that lean individuals had significantly higher 15-year
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cumulative all cause-mortality (76.3% vs 27.2%, p-value <0.001) and CVD-related mortality
(16.9% vs 5.6%, p<0.05) than obese individuals.3” The discrepancies in mortality among these
studies may be due to differences in definition of NAFLD, i.e. liver histology -3¢ versus USFLI 3’
versus ICD codes 12, prevalence of metabolic and CV diseases and severity of liver disease at
baseline, and average duration of follow-up (5.7-20 years). A recently published systematic
review and meta-analysis including 10 cohort studies with 109,151 NAFLD patients found no
difference in overall mortality between lean patients and non-lean patients (relative risk 1.09,
95% Cl 0.66-1.90), though there was marked heterogeneity (1> = 97%).3® The difference in the
mortality finding between our study and the meta-analysis is likely due to differences in patient
population, race (our study included mainly Caucasians while 3 studies3°! in the meta-analysis
were conducted in Asia and likely included exclusively Asian), age of the lean patients (median
51 years in our study vs 41-48 years), sex (58.8% female in the lean group vs 24.6% to 45.2%),
definition of lean (race-specific BMI cutoff for lean in our study vs. a mix of race-specific and
standard BMI cutoff), and methods of NAFLD diagnosis (predominantly imaging in our study vs.
a mix of predominantly biopsy, imaging or transient elastography). Of note, the meta-analysis
found significantly increased liver-related mortality in lean patients3® and we found a trend
toward higher liver-related mortality in lean patients.

Mechanisms underlying potential increased mortality inlean persons with NAFLD remain
unclear. We speculate that sarcopenia which has been demonstrated to be more common inlean
persons with NAFLD and an inactive lifestyle may partially explain the higher mortality in this
group.334244 Our results support the recent clinical practice update from the American

Gastroenterology Association stating that lean persons with NAFLD should be evaluated and
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treated for modifiable CVD risk factors including DM, hypertension, and dyslipidemia similar to
overweight and obese persons with NAFLD.*>

PNPLA3 genetic variant is associated with hepatic steatosis, cirrhosis, and HCC.%
However, the data on prevalence of PNPLA3 genetic variant in obese vs. non-obese persons with
NAFLD are limited and itis not clear if the association between PNPLA3 variant and liver-related
outcomes is true in both obese and non-obese persons and if PNPLA3 is alsoassociated with non-
liver outcomes. Similar to a previous study, we found no difference in PNPLA3-rs738409
genotype distribution between lean and overweight/obese subjects with NAFLD.> However,
majority of NAFLD population in our study and all NAFLD patients in the study cited above® were
Caucasianin whom prevalence of PNPLA3 GG genotype is lower, whether there is a difference in
PNPLA3-rs738409 genotype distribution among lean vs. overweight/obese Asian and Hispanic
patients with NAFLD remain to be determined.*®4” Our study showed that PNPLA3 GG genotype
was associated with a higher incidence of liver cirrhosis, but not overall mortality or non-liver
outcomes, in both obese and non-obese individuals. In addition, we found that PNPLA3 GG
genotype was associated with a higher incidence of LREs in obese patients with NAFLD; the lack
of association in non-obese patients may be related to the small number of events in lean NAFLD
patients. A recent study from Sweden with 20 years follow-up also found that PNPLA3 GG
genotype was associated with an increased risk of cirrhosis, but not mortality, compared with CC
genotype among 546 imaging/biopsy-proven NAFLD patients (data for obese vs. non-obese
patients was not provided).*® Our study found that increasing BMI amplified the risk of PNPLA3
GG genotype (versus CC genotype), with the odds of cirrhosis of 3.2 among non-obese subjects,

and 6.3 in obese NAFLD patients compared to lean patients, similar to findings from a study in
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Denmark.*® Our data suggest that future NAFLD treatment interventions should stratify for
PNPLA3 genotype and therapies targeting PNPLA3 variant induced pathophysiology are needed
particularly among obese patients who are at higher baseline risk.

This study has several strengths. First, we included a large number of patients with NAFLD,
nearly 20,000 patients in the cross-sectional analysis and more than 13,000 in the longitudinal
analysis. We applied minimal exclusion criteria to capture a largely unselected cohort with
hepatic steatosis seenin our health system for a variety of reasons and did not limit the cohort
to patients seenin specialist clinics or were selected for liver biopsy. Second, diagnosis of NAFLD
used a validated natural language processing algorithm that relied primarily on imaging, rather
than ICD codes or histology to minimize disease-spectrum bias. Third, access to medical history,
laboratory, imaging, and histological data from medical records provided more in-depth clinical
information that is not available in large insurance claims databases or national epidemiological
databases. These detailed data also allowed us to adjust prevalence and incidence of outcomes
for multiple confounding factors including host factors (age, sex, and race), behavioral riskfactors
(smoking and alcohol consumption), genetic risk factors, and metabolic risk factors (DM,
hypertension, and dyslipidemia). Fourth, PNPLA3 genotype data was availablein a large number
(3,039) patients allowing us to examine the effect of the GG variant on outcomes in obese vs.
non-obese patients.

The current study also has limitations. First, this is a single tertiary referral center study
in the U.S. with predominantly Caucasians and the data may not be generalized to other NAFLD
populations. Of note, multiple epidemiological studies>?>! demonstrated that obese adults had

worse survival than those with normal BMI. The finding of higher mortality in lean patients with
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NAFLD in our study should be cautiously interpreted because it is a single-center study with
potential for referral bias. Second, diagnosis of metabolic and cardiovascular diseases and causes
of death were mainly based on ICD codes which may not be accurate though this approach is
widely used in large cohort studies and population studies. Although we found 95% accuracy of
causes of death, only 20 medical records were manually reviewed and the possibility of
misclassification or misdiagnosis based on ICD codes cannot be excluded. We acknowledge that
onset or severity of disease cannot be gleaned from ICD codes and that even though we adjusted
for multiple major confounders that may affect the outcomes of interest, unmeasured
confounders such as diet, body composition and physical activity were not available in this
retrospective study. Third, most of our patients had initial diagnosis of NAFLD based on imaging
suggesting that the diagnosis of NAFLD was incidental and their outcomes may be different from
those who present with liver disease. Fourth, it is possible that some lean patients with NAFLD
may have been previously overweight or obese but lost weight due to illnesses whichledto worse
outcomes (reverse causation) though we excluded patients with comorbidities that might cause
significant weight changes such as baseline cancer or prior bariatric surgery. In addition, we
performed sensitivity analyses for mortality adjusted for Charlson Comorbidity Index and still
found significantly higher mortality in the lean group.

In conclusion, this study found that lean individuals with NAFLD in the U.S. had
significantly higher mortality and higher prevalence of CVD and a trend toward a higherincidence
of cancers compared with overweight or obese individuals with NAFLD despite a lower incidence
of DM and cirrhosis. These findings emphasize that lean individuals with NAFLD merit the same

attention in clinical practice as their overweight/obese counterparts. Further studies are
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warranted to understand the pathogenic mechanisms of NAFLD in lean persons (such as genetic
variants, distinct metabolomic profiles, body fat distribution, and sarcopenia) and the cause of
increased mortality in these persons to design specific interventions to reverse the course and

improve clinical outcomes.
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Figure legends

Figure 1 Study flowchart

Figure 2 Cumulative incidence of death and diseases among NAFLD by BMI category

Figure 2A Cumulative incidence of death by BMI category

Figure 2B Cumulative incidence of type 2 diabetes mellitus by BMI category

Figure 2C Cumulative incidence of any cardiovascular disease by BMI category

Figure 2D Cumulative incidence of cirrhosis by BMI category

Figure 2E Cumulative incidence of any cancer by BMI category

Figure 2F Cumulative incidence of obesity-related cancer by BMI category

*Figure 2B-2F used competing risk analysis

Supplementary figure 1 Cumulative incidence of death in non-obese and obese patients with
NAFLD

Supplementary figure 2 Cumulative incidence of death and diseases among NAFLD subgroup
with no change in BMI category throughout the study period

Supplementary figure 2A Cumulative incidence of death by BMI category

Supplementary figure 2B Cumulative incidence of type 2 diabetes mellitus by BMI category
Supplementary figure 2C Cumulative incidence of any cardiovascular disease by BMI category
Supplementary figure 2D Cumulative incidence of cirrhosis by BMI category

Supplementary figure 2E Cumulative incidence of any cancer by BMI category

Supplementary figure 2F Cumulative incidence of obesity-related cancer by BMI category
*Supplementary figure 2B-2F used competing risk analysis

Supplementary figure 3 Cumulative incidence of death among never, former, and current
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smokers by BMI category

Supplementary figure 3A Cumulative incidence of death among never smokers by BMI category
Supplementary figure 3B Cumulative incidence of death among former smokers by BMI
category

Supplementary figure 3C Cumulative incidence of death among current smokers by BMI

category

Table 1 Baseline characteristics, laboratory values, and prevalence of diseases among
18,594 patients with NAFLD?

Non-lean (n= 16,457)

aracteristics Lean Overweight Obesityclass 1 Obesity class 2-3 p Value
(n=2,137) (n=4,692) (n=5,234) (n=6,531) (Lean vs non-lez

e, years 51.0 (36, 63) 52.5 (41, 63) 52.0 (40, 61) 48.0 (37, 58) 0.70

X (male, %) 881 (41.2%) 2,574 (54.9%) 2,761 (52.8%) 2,551 (39.1%) < 0.0001

ce, %

sian 106 (5.0%) 375 (8.0%) 270 (5.2%) 161 (2.5%)

frican American 178 (8.3%) 323 (6.9%) 410 (7.8%) 664 (10.2%) 0.89

aucasian 1,724 (80.7%) 3,661 (78.0%) 4,227 (80.8%) 5,305 (81.2%)

ither/Unknown 129 (6.0%) 333 (7.1%) 327 (6.3%) 401 (6.1%)

oking, %
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lever 1,475 (69.0%) 3,283 (70.0%) 3,580 (68.4%) 4,508 (69.0%) < 0.0001
ormer 376 (17.6%) 1,016 (21.7%) 1,181 (22.6%) 1,420 (21.7%)

urrent 286 (13.4%) 393 (8.4%) 473 (9.0%) 603 (9.2%)

I (U/L) 27 (18, 49) 36 (24, 59) 39 (26, 62) 38 (25, 61) < 0.0001
T (U/L) 28 (22, 44) 30 (23, 42) 31 (24, 43) 30 (23, 44) < 0.0001
telet (K/uL) 239 (192, 291) 236 (195, 283) 239 (197, 286) & 251 (206, 299) 0.01
Alc (%) 5.8 (5.4,6.7) 5.8 (5.5, 6.5) 5.9 (5.5, 6.7) 6.1(5.6,7.2) < 0.0001
ral Cholesterol (mg/dL) 173 (143, 210) 184 (155, 213) 180 (150, 212) 176 (148, 206) 0.003
L (mg/dL) 51 (38, 66) 45 (38, 55) 43 (36, 52) 42 (36, 50) < 0.0001
| (mg/dL) 91 (66, 116) 101 (76, 125) 99 (75, 123) 95 (72, 119) < 0.0001
slyceride (mg/dL) 125 (88, 189) 153 (107, 226) 163 (115, 240) 164 (119, 240) < 0.0001
rhosis 27 (1.3%) 61 (1.3%) 77 (1.5%) 165 (2.5%) 0.07
rdiovascular diseases

oronary artery disease 206 (9.6%) 562 (12.0%) 607 (11.6%) 660 (10.1%) 0.04
ongestive heart failure 73 (3.4%) 158 (3.4%) 195 (3.7%) 268 (4.1%) 0.45
erebrovascularaccident 135 (6.3%) 243 (5.2%) 266 (5.1%) 279 (4.3%) 0.003
eripheral arterial disease 124 (5.8%) 249 (5.3%) 283 (5.4%) 267 (4.1%) 0.07
ny cardiovascular disease 370 (17.3%) 855 (18.2%) 965 (18.4%) 1,099 (16.8%) 0.65
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tabolicdiseases

iabetes mellitus 288 (13.5%) 828 (17.7%) 1,138 (21.7%) 1,972 (30.2%) < 0.0001
lypertension 608 (28.5%) 1,689 (36.0%) 2,187 (41.8%) 3,042 (46.6%) < 0.0001
yslipidemia 473 (22.1%) 1,626 (34.7%) 1,928 (36.8%) 2,195 (33.6%) < 0.0001
ny metabolicdisease 845 (39.5%) 2,467 (52.6%) 2,995 (57.2%) 3,933 (60.2%) < 0.0001
D (stage 3-5) 261 (12.3%) 754 (16.3%) 867 (16.7%) 953 (14.7%) < 0.0001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CKD, chronic
kidney disease; HbAlc, hemoglobin Alc; HDL, high-density lipoprotein; IQR, interquartile range;
LDL, low-density lipoprotein.

aData are expressed as median (interquartile range) for continuous variables or number
(percentage) for categorical variables.
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Table 2 Logistic regression analysis of factors associated with the prevalence of

cardiovascular disease, cirrhosis, and chronic kidney disease

Any cardiovascular Coronary artery Peripheral artery Cerebrovascular Congestive heart Chro
Cirrhosis
disease disease disease accident failure Disea
OR p OR p OR OR OR OR p OR (95
p Value p Value p Value

(95%cl)2 | Value | (959, | Value | (959 () (95% CI) (95% Cl) (95%ci) | Value c)
Referent Referent Referent Referent Referent Referent Refere
0.88 0.91 0.73 0.68 0.76 0.96 1.09
(0.75- 0.08 (0.75- 0.38 (0.58- 0.01 (054- | 0001 | (g56. 0.07 (0.61- 087 | (0.92
1.02) 1.12) 0.93) 0.86) 1.02) 1.55) 1.28)
0.75 0.77 0.70 0.61 0.76 1.04 1.13

<
(0.65- | <0001 (gg3. | 0009 | (556 0.003 (0.48- (0.57- 0.06 (0.67- 086 | (0.96
0.001

0.88) 0.94) 0.89) 0.77) 1.02) 1.66) 1.34)
0.77 0.72 0.58 0.51 0.88 1.66 1.22
(0.66- <0.001 (0.59- <0.001 (0.46- <0.001 (0.40- <0.001 (0.66- 0.36 (1.11- 0.02 (1.03
0.89) 0.87) 0.74) 0.64) 1.17) 2.58) 1.44)

Abbreviations: CI, confidence interval, OR, odds ratio.

30R was adjusted for age, sex, race, smoking status, type 2 diabetes, alcohol consumption,
hypertension, dyslipidemia, and use of aspirin and statin.

34



1diiosnue Joyiny



Table 3 Competing risk analysis for death and incidence of diseases by BMI category?®
Weight Death? Any Cirrhosis Liver-related Type 2 Diabetes | Obesity-related | AnyCancer
category cardiovascul events Mellitusc cancer
ar diseases
HR P HR P HR p Value | HR P HR p Value | HR p Value | HR p Value
(95% | Value | (95 | Value | (95% (95% | Value | (95% (95% (95%
CI) % CI) CI) CI) CI) CI)
CI)
Lean Referent Referent Referent Referent Referent Referent Referent
Overweig | 0.54 | <0.001 | 1.40 | 0.051 | 1.53 0.19 1.08 0.88 1.22 0.25 0.87 | 0.58 0.76 | 0.07
ht
(0.42- (1.00 (0.81- (0.42- (0.87- (0.53- (0.56-
0.69) - 2.88) 2.78) 1.71) 1.42) 1.02)
1.95)
Obesity 0.40 | <0.001| 1.08 | 0.66 1.50 0.20 0.77 0.60 1.78 <0.001 0.97 |0.90 0.75 | 0.049
class1
(0.31- (0.77 (0.80- (0.30- (1.29- (0.60- (0.56-
0.52) - 2.81) 2.01) 2.45) 1.56) 1.00)
1.50)
Obesity 0.52 | <0.001 | 1.27 | 0.15 2.19 0.011 1.15 0.76 2.85 <0.001 1.02 | 0.93 0.78 | 0.09
class 2-3
(0.41- (0.91 (1.20- (0.48- (2.08- (0.64- (0.59-
0.66) - 4.01) 2.76) 3.91) 1.62) 1.04)
1.76)

Abbreviations: Cl, confidence interval; HR, hazard ratio.




aHR was adjusted for age, sex, race, smoking status, alcohol consumption, type 2 diabetes mellitus, hypertension, dyslipidemia, and
use of aspirin and statin.

bCox proportional hazards model was performed for death analysis.
‘For type 2 diabetes mellitus, HR was adjusted with the same confounders? excluding type 2 diabetes mellitus.
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Table 4 Causes of death of all deceased patientsin each BMI group

Non-lean (n = 505)

Causes of death Total (n = 616) Lean (n=111) Overweight Obesity 1 Obesity 2-3 p Value
(n=162) (n=136) (n=207) (Lean vs non-
207/4,763
all death 616/13,420 (4.6%)| 111/1,454 (7.6%) |162/3,373 (4.8%)|136/3,830 (3.6%) < 0.0001
(4.3%)
ovascular diseases 190 (30.8%) 29 (26.1%) 46 (28.4%) 45 (33.1%) 70 (33.8%) 0.24
lasms 103 (16.7%) 14 (12.6%) 31 (19.1%) 21 (15.4%) 37 (17.9%) 0.20
estive and liver cancers 33 (5.4%) 3(2.7%) 7 (4.3%) 12 (8.8%) 11 (5.3%) 0.17
1er neoplasms?® 70 (11.3%) 11 (9.9%) 24 (14.8%) 9 (6.6%) 26 (12.6%) 0.59
iratory diseases 75 (12.2%) 17 (15.3%) 15 (9.3%) 18 (13.2%) 25 (12.1%) 0.26
tive diseases 48 (7.8%) 11 (9.9%) 13 (8.0%) 8 (5.9%) 16 (7.7%) 0.36
er diseases 33 (5.4%) 8 (7.2%) 8 (4.9%) 6 (4.4%) 11 (5.3%) 0.34
estive diseases otherthan
15 (2.4%) 3(2.7%) 5(3.1%) 2 (1.5%) 5(2.4%) 0.84
diseases
nal cause® 45 (7.3%) 6 (5.4%) 19 (11.7%) 12 (8.8%) 8 (3.9%) 0.40




tal-neurological diseases 40 (6.5%) 9 (8.1%) 13 (8.0%) 8 (5.9%) 10 (4.8%) 0.45
bolicdiseases* 36 (5.8%) 9 (8.1%) 6 (3.7%) 6 (4.4%) 15 (7.3%) 0.26
betes mellitus 7 (1.1%) 0 (0.0%) 2 (1.2%) 1(0.7%) 4 (1.9%) 0.22
tious diseases 27 (4.4%) 6 (5.4%) 8 (4.9%) 3(2.2%) 10 (4.8%) 0.56
tourinary diseases 25 (4.1%) 1 (0.9%) 4 (2.5%) 9 (6.62%) 11 (5.3%) 0.06
uloskeletal and connective

9 (1.5%) 3(2.7%) 2 (1.2%) 3 (2.2%) 1(1.5%) 0.23
e diseases
re 18 (2.9%) 6 (5.4%) 5 (3.1%) 3 (2.2%) 4 (1.9%) 0.09

Note: The cause of death was categorized based on the ICD-10-CM codes.

a0ther neoplasms refer to neoplasms that are other than digestive cancers, mainly including (1)
C15-C26 Malignant neoplasms of digestive organs; (2) C30-C39 Malignant neoplasms of
respiratory and intrathoracic organs; (3) C50-C50 Malignant neoplasms of breast; (4) C69-C72
Malignant neoplasms of eye, brain and other parts of central nervous system; (5) C81-C96
Malignant neoplasms of lymphoid, hematopoietic and related tissue; (6) D10-D36 Benign
neoplasms, except benign neuroendocrine tumors; and (7) D37-D48 Neoplasms of uncertain
behavior, polycythemia vera and myelodysplastic syndromes.

bExternal cause comprises (1) SO0-T88 Injury, poisoning and certain other consequences of
external causes and (2) VO0-Y99 External causes of morbidity.

‘Metabolic diseases refers to EO0-E89 Endocrine, nutritional and metabolic diseases.

d0ther includes (1) D50-D89 Diseases of the blood and blood-forming organs and certain
disorders involving the immune mechanism; (2) Q00-Q99 Congenital malformations,
deformations and chromosomal abnormalities and (3) R263 unknown.



Patients diagnosed with fatty liver disease from the University of Michigan
Hospital between January 2012 and December 2021 (N = 52,556)

_______________________________________________________________________

. Exclusions (n = 33,962):
e Age <18 orage>80yrs (n=1,627)

| ® BMI <18.5 kg/m? (n = 199)

| o Cancer (other than non-melanoma skin cancer) diagnosed
up to 1 year after first diagnosis of NAFLD (n = 8,535)

e Decompensated cirrhosis, including with ascites, esophageal
—y: varices, or hepatic encephalopathy (n = 1,247)

® Missingness of important information, including without race,
BMI, AST, ALT, or PLT (n =17,087)

e Other causes of liver disease (n = 4,577)

;@ Previous history of bariatric surgery (n = 550)

' e Significant alcohol consumption (n = 690)

' Exclusion: 5

—> ® Follow-up (from the first diagnosis of NAFLD to the last visit,
: or death, or study end date) < 365 days (n = 5,174)

A 4

NAFLD participants included for the longitudinal study (n = 13,420)




A. Survival Analysis of Overall Mortality by BMI Category
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Number at risk Time (months)

Lean 1454 1454 1166 917 705 554 431 321 219 133 64
Overweig ht 3373 3373 2760 2201 1669 1335 1025 720 524 347 200
Obesity 1 3830 3830 3178 2525 1983 1544 1195 851 598 399 213
Obesity 2-3 4763 4763 3959 3164 2513 1953 1499 1056 728 468 280

C. Competing Risk Analysis of Any CVD by BMI Category
BMI = Lean == Overweight == Obesity 1 == Obesity 2-3
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Number at risk
Lean 1060 1060 856 667 509 399 307 232 154 99 48
Overweight 2549 2549 2056 1620 1212 943 702 497 346 221 124
Obesity 1 2911 2911 2388 1865 1421 1082 822 584 405 260 131
Obesity 2-3 3650 3650 2967 2328 1808 1371 1024 700 470 302 179

E. Competing Risk Analysis of Any Cancer by BMI Category
BMI == Lean == Overweight == Obesity 1 == Obesity 2-3
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Time (months)
Number at risk

Lean 1337 1337 1057 821 622 482 371 270 177 106 93
Overweight 3209 3209 2612 2046 1539 1222 929 650 470 310 171
Obesity 1 3682 3682 3018 2382 1847 1417 1083 757 530 346 181

Obesity 2-3 4551 4551 3733 2954 2318 1780 1357 946 640 403 232

B. Competing Risk Analysis of Type 2 Diabetes Mellitus by BMI Category
BM| == Lean == Overweight == Obesity 1 == Obesity 2-3
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Time (months)
Number at risk

Lean 1141 1141 905 709 541 417 319 228 151 93 42
Overweight 2577 2577 2082 1635 1225 954 726 911 353 230 135
Obesity 1 2779 2779 2238 1744 1337 1004 759 524 369 230 120
Obesity 2-3 2998 2998 2378 1806 1391 1030 763 528 358 218 132

D. Competing Risk Analysis of Cirrhosis by BMI Category
BMI = Lean == Overweight == Obesity 1 == Obesity 2-3
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p <0.0001

0.02+

Cumulative Incidence of Cirrhosis
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0 12 24 36 48 60 72 84 96 108 120
Time (months)
Number at risk

Lean 1325 1325 1062 838 649 511 398 292 193 120 59
Overweight 3184 3184 2607 2068 1566 1254 962 682 493 327 184
Obesity 1 3653 3653 3015 2387 1871 1451 1127 801 567 379 199
Obesity 2-3 4484 4484 3703 2950 2344 1826 1388 979 670 427 258

F. Competing Risk Analysis of Obesity-related Cancer by BMI Category
BMI == Lean == Overweight == Obesity 1 == Obesity 2-3
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Cumulative Incidence of Obesity-related Cancer
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0 12 24 36 48 60 72 84 96 108 120
Time (months)
Number at risk

Lean 1337 1337 1069 836 639 496 383 282 186 113 55
Overweight 3209 3209 2633 2079 1572 1256 959 676 487 322 181
Obesity 1 3682 3682 3042 2404 1882 1458 1124 794 561 375 195
Obesity 2-3 4551 4551 3761 2990 2363 1826 1391 975 663 421 243
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