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Risk of Cardiovascular Disease in 
Individuals With Nonobese Nonalcoholic 
Fatty Liver Disease
Ashwini Arvind,1,2 Jacqueline B. Henson ,1,3 Stephanie A. Osganian,2 Cheryl Nath,2 Lara M. Steinhagen,2 Zoe N. Memel,1,3 
Arley Donovan,2 Oluwafemi Balogun,2 Raymond T. Chung,1,2,4 Tracey G. Simon ,1,2,4 and Kathleen E. Corey1,2,4

Nonalcoholic fatty liver disease (NAFLD) is independently associated with obesity and cardiovascular disease (CVD). 
CVD is the primary cause of mortality in the predominantly obese population of adults with NAFLD. NAFLD is 
increasingly seen in individuals who are lean and overweight (i.e., nonobese), but it is unclear whether their risk of 
CVD is comparable to those with NAFLD and obesity. Using a prospective cohort of patients with NAFLD, we 
compared the prevalence and incidence of CVD in individuals with and without obesity. NAFLD was diagnosed by 
biopsy or imaging after excluding other chronic liver disease etiologies. Logistic regression was used to compare the 
odds of baseline CVD by obesity status. Cox proportional hazards regression was used to evaluate obesity as a pre-
dictor of incident CVD and to identify predictors of CVD in subjects with and without obesity. At baseline, adults 
with obesity had a higher prevalence of CVD compared to those without obesity (12.0% vs. 5.0%, P  =  0.02). During 
follow-up, however, obesity did not predict incident CVD (hazard ratio [HR], 1.24; 95% confidence interval [CI], 
0.69-2.22) or other metabolic diseases. Findings were consistent when considering body mass index as a continuous 
variable and after excluding subjects who were overweight. Age (adjusted HR [aHR], 1.05; 95% CI, 1.03-1.08), smok-
ing (aHR, 4.61; 95% CI, 1.89-11.22), and decreased low-density lipoprotein levels (aHR, 0.98; 95% CI, 0.96-1.00) 
independently predicted incident CVD in the entire cohort, in subjects with obesity, and in those without obesity, 
respectively. Conclusion: Individuals with overweight or lean NAFLD are not protected from incident CVD compared 
to those with NAFLD and obesity, although CVD predictors appear to vary between these groups. Patients without 
obesity also should undergo rigorous risk stratification and treatment. (Hepatology Communications 2022;6:309-319).

Nonalcoholic fatty liver disease (NAFLD) 
is the most prevalent chronic liver disease 
worldwide, impacting an estimated 25% of 

the global population and incurring a cost of more 
than $100  billion per annum in the United States 

alone.(1,2) NAFLD is projected to continue increas-
ing in prevalence during the next decade.(3) NAFLD 
is an independent risk factor for cardiovascular dis-
ease (CVD) and major adverse CVD events.(4) CVD 
is a leading cause of mortality in this population,(5) 
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accounting for 25% of deaths among patients with 
NAFLD.(6)

While the risk of CVD in NAFLD has been eval-
uated in several studies,(7-9) the populations studied 
have primarily been adults with obesity (body mass 
index [BMI] ≥ 30 kg/m2) who may have unique car-
diometabolic risk factors predisposing them to CVD. 
However, NAFLD is increasingly identified among 
individuals who are overweight or lean (defined as 
BMI 25-29.9  kg/m2 and <25  kg/m2, respectively). 
A recent meta-analysis estimated that approximately 
40% of the global NAFLD population is nonobese, 
with nearly a fifth classified as lean.(10) A second 
meta-analysis reported the prevalence of NAFLD to 
be higher in the nonobese Western population than 
observed in Eastern studies.(11) However, the risk of 
CVD among individuals with nonobese NAFLD has 
been less well characterized, and it is unclear whether 
individuals with nonobese NAFLD carry the same 
risk of CVD as those with NAFLD and obesity. 
Several studies reported CVD risk to be compara-
ble among NAFLD populations with and without 
obesity,(12-14) while further studies demonstrated 
that metabolic risk factors exert a greater influence 
than obesity on CVD risk and overall mortality in 
NAFLD.(15,16) However, Kim et al.(17) identified an 
association between NAFLD and CVD risk that 
was significant in individuals without obesity only. 
Cruz et al.(18) reported increased overall mortality 
in patients who were lean compared to patients who 
were overweight or patients with obesity, despite sig-
nificantly lower incidences of metabolic syndrome and 

traditional CVD risk factors in the lean population. In 
contrast, Leung et al.(19) reported significantly more 
deaths and cardiovascular events among patients with 
obesity compared to patients without obesity. With 
a single exception, all the above studies were limited 
by their use of surrogate endpoints instead of hard 
clinical outcomes. Furthermore, the majority of prior 
studies were conducted in Asia; it is unclear to what 
extent their findings are applicable in the West, given 
substantial disease heterogeneity between populations.

There is a need to improve our understanding of 
CVD risk in the growing population of patients with 
nonobese NAFLD. Therefore, using a prospective 
cohort of Western subjects with NAFLD, we com-
pared the risks of prevalent and incident CVD and 
other metabolic diseases between adults with and 
without obesity.

Participants and Methods
STUDY POPULATION AND DATA 
COLLECTION

Enrollment took place in the Massachusetts 
General Hospital Fatty Liver Clinic. All subjects were 
older than 18 years. NAFLD was diagnosed either by 
histology or by visualization of increased echogenic-
ity/diffuse fatty infiltration on ultrasound imaging. 
Individuals with decompensated cirrhosis, concom-
itant or alternative etiologies of liver disease, prior 
bariatric surgery, prior liver transplant, or a history 
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of excessive alcohol consumption (more than 14 
drinks per week for men or more than seven drinks 
per week for women) were excluded. Eligible patients 
were invited to participate in the study by their clinic 
provider. Those who were agreeable were enrolled by 
a study coordinator. Between October 1, 2002, and 
October 1, 2019, 394 patients with NAFLD were 
identified and included in the cohort. Eight patients 
had no follow-up recorded and were excluded from 
all longitudinal analyses. Liver biopsies were reviewed 
in a blinded manner by a single hepatopathologist 
and evaluated for the presence of nonalcoholic steato-
hepatitis and fibrosis stage.(20) Fibrosis stage 3 or 4 
was considered advanced fibrosis. Transient elastog-
raphy or ultrasound elastography was performed to 
stage fibrosis in most individuals diagnosed by imag-
ing. A liver stiffness of >12 on transient elastography 
or shear wave >1.55  m/second was also considered 
advanced fibrosis.(21,22) Baseline demographic, clinical, 
and laboratory data were collected from study visits 
and the electronic medical record. Non-Asian sub-
jects with enrollment BMI  ≥  30, 25-29.9, and <25 
were defined as obese, overweight, and lean, respec-
tively. Asian subjects with enrollment BMI ≥ 27.5, 23-
27.5, and <23 were defined as obese, overweight, and 
lean, respectively. These classifications are in line with 
World Health Organization recommendations.(23) For 
our primary analyses, we created a binary categorical 
exposure variable, i.e., with versus without obesity. 
The group without obesity included individuals who 
were lean and those who were overweight. This study 
was approved by the Massachusetts General Hospital 
Institutional Review Board and conformed to the 
Declaration of Helsinki. All patients provided written 
consent before inclusion in the study cohort.

FOLLOW-UP AND OUTCOMES
Subjects were followed prospectively from time of 

liver biopsy or imaging to death or end of follow-up 
(May 1, 2020), whichever came earlier. The primary 
outcome was incident CVD, which was defined as one 
or more of the following: a new diagnosis of coronary 
artery disease (CAD), congestive heart failure (CHF), 
peripheral vascular disease, cerebrovascular accident/
transient ischemic attack (TIA), arrhythmia, or a major 
adverse cardiac event (MACE), which included myo-
cardial infarction, coronary artery revascularization, or 
cardiac-related death. The secondary outcomes were a 

new diagnosis of dyslipidemia (defined as high-density 
lipoprotein [HDL]  <  40  mg/dL in men or <50  mg/
dL in women or triglycerides ≥150 mg/dL), hyperten-
sion (defined as systolic blood pressure >140 mm Hg 
or diastolic blood pressure >90 mm Hg), and diabetes 
(defined as hemoglobin A1c >6.4%). Outcomes data 
were collected by clinician review of the electronic 
medical record.

STATISTICAL ANALYSIS
Descriptive statistics were calculated for demo-

graphic and clinical characteristics. Baseline char-
acteristics of subjects with and without obesity were 
compared using chi-squared tests or Fisher’s exact 
tests for categorical variables and t tests or Wilcoxon 
rank-sum tests for continuous variables, depending 
on the normality of the distribution. Multivariable 
logistic regression was performed to identify base-
line demographic and clinical characteristics inde-
pendently associated with the presence of obesity and 
prevalent CVD. Cox proportional hazards regres-
sion was performed to identify predictors of incident 
CVD and metabolic diseases in the overall cohort 
and again in separate analyses of patients with and 
without obesity. Obesity and predictors with P < 0.10 
in univariable analyses were considered in the mul-
tivariable analyses and retained at a P  <  0.05 level 
of significance, using a backward selection process. 
Analyses were also performed considering BMI as a 
continuous variable. Kaplan-Meier curves for survival 
free of incident CVD and metabolic diseases were 
additionally computed and compared using log-rank 
tests. We conducted several sensitivity analyses. First, 
we excluded individuals who were overweight and 
repeated the logistic regression analysis using individ-
uals who were obese and lean. Second, we repeated 
the logistic regression analysis after excluding individ-
uals who were diagnosed with NAFLD by noninva-
sive means. Third, we included the 19 subjects who 
were nonobese at the time of enrollment but devel-
oped obesity during follow-up and counted these in 
the obese group intead of the nonobese group. Fourth, 
we conducted an analysis excluding those 19 subjects. 
Data were missing in <5% of cases with the exception 
of lipid values (total cholesterol missing in n = 56/394, 
HDL n  =  65/395, low-density lipoprotein [LDL] 
n  =  79/394, triglycerides n  =  66/394). Missing data 
were imputed from the median value. Analyses were 
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conducted using SAS Studio software, version 3.71 
(SAS Institute, Cary, NC). P < 0.05 was the threshold 
for statistical significance.

Results
BASELINE CHARACTERISTICS

Baseline demographic and clinical characteristics 
of the full study cohort are presented in Table 1. Of 
394 subjects included in the final cohort, 233 (59.1%) 
had obesity and 161 (40.7%) were nonobese; of these 
161 subjects, 35 (21.7%) were lean. Nearly all patients 
in the group with obesity underwent liver biopsies 
(n = 220/233; 94.4%), while the subjects without obe-
sity were more likely to be diagnosed by noninvasive 
means (n = 107/161 with biopsies; 66.5%). Compared 
with patients without obesity, those with obesity were 
more likely to be non-Asian and to have dyslipidemia, 
hypertension, diabetes, obstructive sleep apnea (OSA), 
and baseline CVD and to use an oral antihypergly-
cemic medication. They also had lower albumin and 
HDL cholesterol levels and higher triglyceride levels. 
The severity of liver disease by fibrosis-4 (FIB-4) score 
was similar, as were the proportions with advanced 
fibrosis on biopsy or elastography, which was available 
in n = 380/394 subjects.

On multivariable analysis, obesity was associated 
with significantly higher odds of having prevalent 
OSA, lower HDL levels, and non-Asian race/eth-
nicity (Table 2). When subjects who were overweight 
were excluded and analysis was restricted to subjects 
with obesity and those who were lean, individuals 
with obesity were more likely to have hypertension 
(adjusted odds ratio [aOR], 3.65; 95% confidence 
interval [CI], 1.59-8.38), dyslipidemia (aOR, 2.37; 
95% CI, 1.01-5.55), lower HDL levels (aOR, 0.95; 
95% CI, 0.93-0.98), to be of non-Asian race/ethnicity 
(aOR, 0.10; 95% CI, 0.03-0.42), and to have a history 
of malignancy (aOR, 0.37; 95% CI, 0.14-0.93), com-
pared to lean individuals.

Although individuals with obesity had a higher 
baseline prevalence of CVD (12.0% vs. 5.0%, 
P  =  0.02) and were more likely to have many typi-
cal CVD risk factors, obesity was not an independent 
predictor of incident CVD when accounting for these 
risk factors (Table 3). The odds of CVD for obesity 
adjusted for age, sex, smoking, hypertension, diabetes, 

dyslipidemia, and OSA was 2.14 (95% CI, 0.74-6.22; 
P = 0.16). Further adjustment for FIB-4 score did not 
alter these results (aOR, 2.37; 95% CI, 0.80-7.03) and 
neither did inclusion of advanced fibrosis on biopsy 
or elastography (aOR, 2.12; 95% CI, 0.73-6.17). BMI 
considered as a continuous variable was also not an 
independent predictor, with an aOR of 1.01 (95% 
CI, 0.94-1.09; P  =  0.81), and this was similarly not 
affected by degree of fibrosis.

INCIDENT CARDIOVASCULAR 
AND METABOLIC DISEASE

A total of 386 subjects had follow-up data avail-
able, with a median follow-up time of 5.7  years 
(interquartile range [IQR], 2.9-8.0). Of this cohort, 
36 subjects had CVD at baseline and were excluded 
from longitudinal analysis. Among these 350 subjects 
without CVD at baseline, incident CVD occurred in 
54 (15.4%), 38 of whom were obese (70.4%) and 16 
of whom were nonobese (29.6%), after a median of 
3.8  years (IQR, 2.3-5.6). In the group with obesity, 
17 subjects developed CAD; of these, 3 had MACE, 
16 had arrhythmias, 4 developed CHF, 2 developed 
peripheral artery disease (PAD), and 7 had a stroke/
TIA. In the nonobese group, 99 subjects were diag-
nosed with CAD; of these, 6 had MACE, 1 developed 
CHF, 2 developed PAD, 3 experienced arrhythmias, 
and 4 had a stroke/TIA.

Kaplan-Meier curves for time free of CVD by obe-
sity status are shown in Fig. 1A. On univariable analy-
sis, predictors of incident CVD included age, smoking, 
hypertension, diabetes, OSA, use of antihypertensive 
medications, use of statins, albumin levels, and platelet 
counts, with older age and former or current smok-
ing remaining significant predictors on multivariable 
analysis (Table 4). Obesity was not a significant pre-
dictor of CVD on univariable or multivariable analy-
sis (Table 4), and findings were consistent when BMI 
was considered as a continuous variable (hazard ratio 
[HR], 1.03; 95% CI, 0.99-1.07; P  =  0.14). Similarly, 
when analysis was limited to subjects with obesity 
and those who were lean, obesity was not associated 
with incident CVD (HR, 1.11; 95% CI, 0.40-3.13; 
P  =  0.84). The HR for obesity (with CVD as the 
outcome) adjusted for age, sex, smoking, hyperten-
sion, diabetes, OSA, and dyslipidemia was 1.14 (95% 
CI, 0.61-2.11; P = 0.69) and for BMI was 1.02 (95% 
CI, 0.98-1.07; P  = 0.31). Findings were similar after 



Hepatology Communications,  Vol. 6, N o. 2,  2022 ARVIND ET AL.

313

TABLE 1. BASELINE DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF INDIVIDUALS WITH NAFLD 
WITH AND WITHOUT OBESITY

Without Obesity (n = 161) With Obesity (n = 233) P Value

Age, years 55 (44-62) 53 (42-62) 0.32

Female sex 54.7% (88) 57.1% (133) 0.63

BMI 26.9 (25.1-28.4) 34.8 (32.2-38.7) 0.001

Race/ethnicity 0.002

Hispanic 13.0% (21) 14.2% (33)

Non-Hispanic white 67.7% (109) 78.5% (183)

Non-Hispanic black 2.5% (4) 1.3% (3)

Asian 13.0% (21) 2.6% (6)

Other/not specified 3.7% (6) 3.4% (8)

Smoking status 0.25

Current 6.8% (11) 9.0% (21)

Former 24.8% (40) 30.9% (72)

Never 68.3% (110) 60.1% (140)

Comorbidities

Dyslipidemia 75.2% (121) 84.6% (197) 0.02

Hypertension 58.4% (94) 69.1% (161) 0.03

Diabetes 23.6% (38) 34.8% (81) 0.02

OSA 8.7% (14) 28.8% (67) 0.001

CVD 5.0% (8) 12.0% (28) 0.02

CAD 2.5% (4) 9.9% (23) 0.004

Peripheral artery disease 3.7% (6) 5.2% (12) 0.51

Prior malignancy 21.1% (34) 15.9% (37) 0.18

Medications

Statin 29.2% (47) 38.2% (89) 0.06

Antihypertensive medication use 43.5% (70) 53.2% (124) 0.06

Oral antihyperglycemic medication use 19.2% (31) 28.3% (66) 0.04

Insulin 5.0% (8) 9.9% (23) 0.08

Laboratory values

Sodium, mEq/L 140 (138-142) 140 (138-142) 0.69

Creatinine, mg/dL 0.84 (0.74-0.95) 0.84 (0.71-0.99) 0.68

Albumin, g/dL 4.6 (4.3-4.8) 4.4 (4.2-4.7) 0.001

ALT, U/L 46 (29-80) 53 (34-86) 0.06

AST, U/L 38 (26-56) 42 (29-63) 0.07

Total bilirubin, mg/dL 0.5 (0.4-0.7) 0.5 (0.3-0.7) 0.36

Alkaline phosphatase, U/L 78 (64-102) 84 (67-104) 0.12

Total cholesterol, mg/dL* 192.0 ± 45.1 190.0 ± 45.1 0.68

HDL, mg/dL† 46 (39-54) 42 (36-50) 0.004

LDL, mg/dL‡ 111.0 ± 39.2 111.6 ± 38.3 0.89

Triglycerides, mg/dL§ 128 (102-182) 155 (109-217) 0.007

Platelets, ×109/L 232.9 ± 70.9 233.8 ± 68.6 0.91

Liver disease severity

FIB-4, median 1.23 (0.93-1.96) 1.25 (0.88-1.98) 0.76

<1.3 54.3% (88) 54.9% (128) 0.93

1.3-2.67 32.3% (52) 30.9% (72)

>2.67 13.0% (21) 14.2% (33)

Advanced fibrosis|| 17.5% (28) 24.6% (54) 0.10

Data expressed as % (n), median (IQR), or mean ± SD.
*Missing in 56/394.
†Missing in 65/394.
‡Missing in 79/394.
§Missing in 66/394.
||Advanced fibrosis on biopsy or, if not available, on transient elastography or ultrasound elastography. Missing in 14/394.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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further adjustment for parameters of disease severity, 
including FIB-4 score (HR, 1.14; 95% CI, 0.61-2.11) 
among the entire cohort or advanced fibrosis by elas-
tography or on biopsy (HR, 1.02; 95% CI, 0.54-1.94). 
Furthermore, results were not significantly different 
after including subjects without obesity who devel-
oped obesity during follow-up in the obese group 
(HR, 0.97; 95% CI, 0.52-1.81) or excluding them 
from the analysis (HR, 1.01; 95% CI, 0.54-1.89).

Of the 386 subjects included in the longitudinal 
analysis, 258 (66.8%) were evaluated for incident dia-
betes, 133 for incident hypertension (34.5%), and 70 
(18.1%) for incident dyslipidemia. Overall, 34 (13.2%) 
developed diabetes, 43 (32.3%) were diagnosed with 
hypertension, and 31 (44.3%) developed dyslipidemia. 
On univariable analysis, nonobesity (vs. obesity) was 
associated with an increased risk of incident dyslip-
idemia (Fig. 1D; Table 5). Obesity was not, however, 

TABLE 2. FACTORS ASSOCIATED WITH OBESITY IN INDIVIDUALS WITH NAFLD

Univariable OR (95% CI) P Value Multivariable OR (95% CI) P Value

Race/ethnicity 0.006 0.04

Non-Hispanic white vs. Asian 5.88 (2.30-15.01) 4.29 (1.60-11.51)

Non-Hispanic black vs. Asian 2.62 (0.46-15.11) 1.55 (0.25-9.81)

Hispanic vs. Asian 5.50 (1.91-15.87) 4.78 (1.57-14.54)

Other vs. Asian 5.88 (2.30-15.01) 4.13 (0.94-18.04)

Hypertension 1.59 (1.05-2.42) 0.03

Dyslipidemia 1.81 (1.09-2.99) 0.02

Diabetes 1.72 (1.10-2.71) 0.02

OSA 4.24 (2.29-7.86) 0.001 3.70 (1.89-7.23) 0.001

Baseline CVD 2.61 (1.16-5.89) 0.02

Albumin 0.46 (0.26-0.83) 0.01

HDL 0.98 (0.96-0.99) 0.003 0.97 (0.95-0.99) 0.001

Triglycerides 1.00 (1.00-1.01) 0.01

Covariates shown are predictors with P < 0.10 in univariable analyses and considered in the multivariable logistic regression model.

TABLE 3. PREDICTORS OF PREVALENT CVD IN INDIVIDUALS WITH NAFLD

Univariable OR (95% CI) P Value Multivariable OR (95% CI) P Value

Age 1.13 (1.08-1.18) 0.001 1.16 (1.10-1.23) 0.001

Male sex 3.73 (1.75-7.80) 0.001 2.92 (1.16-7.32) 0.02

Obesity 2.61 (1.16-5.89) 0.02

Smoking status 0.01

Former vs. never 3.23 (1.54-6.75)

Current vs. never 2.41 (0.74-7.82)

Diabetes 5.54 (2.66-11.51) 0.001 3.44 (1.46-8.14) 0.005

OSA 5.34 (2.63-10.84) 0.001 4.77 (1.95-11.70) 0.001

Creatinine 10.56 (2.52-44.19) 0.001

Albumin 0.42 (0.18-0.95) 0.04

ALT 0.99 (0.98-1.00) 0.049

Total cholesterol 0.98 (0.97-0.99) 0.001

HDL 0.95 (0.92-0.99) 0.01 0.96 (0.92-1.00) 0.03

LDL 0.98 (0.97-0.99) 0.001

Platelets 0.99 (0.98-0.99) 0.001

Covariates shown are predictors with P < 0.10 in univariable analyses and considered in the multivariable logistic regression model. LDL 
and total cholesterol were collinear; LDL was included.
Abbreviation: ALT, alanine aminotransferase.
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associated with risk of incident diabetes or hyperten-
sion (Fig. 1B,C; Table 5; Supporting Tables S1 and 
S2). These associations remained nonsignificant when 

BMI was considered as a continuous variable (diabetes 
HR, 1.00; 95% CI, 0.95-1.06; P = 0.98; hypertension 
HR, 1.05; 95% CI, 1.00-1.11; P = 0.07; dyslipidemia 

FIG. 1. Kaplan-Meier curves for survival. Kaplan-Meier curves showing survival free of (A) CVD, (B) diabetes, (C) hypertension, and 
(D) dyslipidemia by obesity status in individuals with NAFLD.

TABLE 4. PREDICTORS OF INCIDENT CVD

Univariable HR, (95% CI) P Value Multivariable HR, (95% CI) P Value

Obesity 1.24 (0.69-2.22) 0.48

Age 1.04 (1.02-1.07) 0.001 1.05 (1.03-1.08)

Smoking status 0.002

Former vs. never 2.55 (1.43-4.55) 2.06 (1.20-3.56)

Current vs. never 2.79 (1.25-6.25) 3.65 (1.82-7.30)

Hypertension 2.54 (1.31-4.93) 0.006

Diabetes 1.59 (0.92-2.77) 0.098

OSA 1.92 (1.07-3.45) 0.03

Use of antihypertensives 1.86 (1.07-3.22) 0.03

Statin use 1.89 (1.10-3.24) 0.02

Albumin 0.45 (0.25-0.79) 0.006

Platelets 1.00 (0.99-1.00) 0.02

Covariates shown include obesity and predictors with P < 0.10 in univariable analyses that were considered in the multivariable Cox 
proportional hazards regression model. Hypertension and use of antihypertensive medications were collinear, so they were considered 
separately, although neither was significant.
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HR, 0.96; 95% CI, 0.91-1.02; P  =  0.16). When the 
comparator group comprised subjects who were lean 
only (subjects who were overweight were excluded), 
obesity was not significantly associated with risk 
of incident hypertension, diabetes, or dyslipidemia 
(Table 5). Inclusion of subjects without obesity who 
developed obesity during follow-up with the obese 
group did not meaningfully change these results and 
neither did excluding these individuals (Supporting 
Table S1). Findings were also similar after adjustment 
for parameters of disease severity, including FIB-4 
score among the entire cohort (diabetes HR, 1.62; 
95% CI, 0.75-3.48; hypertension HR, 1.44; 95% CI, 
0.73-2.86; dyslipidemia HR, 0.45; 95% CI, 0.20-0.97) 
or advanced fibrosis by elastography or on biopsy 

(diabetes HR, 1.67; 95% CI, 0.78-3.59; hypertension 
HR, 1.40; 95% CI, 0.71-2.80; dyslipidemia HR, 0.40; 
95% CI, 0.18-0.90). Predictors of incident diabetes 
and hypertension in individuals with NAFLD are 
presented in Supporting Tables S2-S4.

PREDICTORS OF INCIDENT 
CVD IN SUBJECTS WITH AND 
WITHOUT OBESITY

In subjects with obesity, univariable predictors of 
incident CVD included age, smoking status, hyper-
tension, use of antihypertensive medications, and OSA 
(Table 6). On multivariable analysis, age and smok-
ing were each significantly associated with increased 

TABLE 5. OBESITY AS PREDICTOR OF OTHER METABOLIC OUTCOMES IN INDIVIDUALS WITH NAFLD

Outcome HR (95% CI) for Obesity vs. Nonobesity P Value HR (95% CI) for Obesity vs. Leanness P Value

Diabetes 1.63 (0.76-3.49) 0.21 2.83 (0.38-20.94) 0.31

Hypertension 1.46 (0.74-2.88) 0.28 6.21 (0.84-45.73) 0.07

Dyslipidemia 0.44 (0.21-0.96) 0.04 0.60 (0.22-1.70) 0.34

Shown are univariable HRs for obesity as predictor of incident metabolic disease. Each was performed among a subset without specified 
outcome at baseline: diabetes n = 258 (total events, 34); hypertension n = 133 (total events, 43), dyslipidemia n = 70 (total events, 31). 
When overweight individuals were excluded: diabetes n = 168 (total events, 26), hypertension n = 90 (total events, 32), dyslipidemia n = 48 
(total events, 22).

TABLE 6. PREDICTORS OF INCIDENT CVD IN INDIVIDUALS WITH NAFLD WITH AND WITHOUT OBESITY

Without Obesity (n = 140) With Obesity (n = 210)

UV HR (95% CI) P Value MV HR (95% CI) P Value UV HR (95% CI) P Value MV HR (95% CI) P Value

Age 1.09 (1.02-1.16) 0.008 1.09 (1.03-1.16) 0.004 1.04 (1.01-1.06) 0.007 1.04 (1.01-1.06) 0.02

Smoking 0.02 0.002 0.003

Former vs. never 4.06 (1.44-11.44) 2.04 (1.00-4.15) 1.48 (0.70-3.14)

Current vs. never 0.94 (0.11-7.86) 4.60 (1.90-11.18) 4.61 (1.89-11.22)

Hypertension 2.81 (1.23-6.42) 0.01

Use for 
antihypertensives

1.95 (1.01-3.77) 0.048

Statin use 1.82 (0.96-3.48) 0.07

OSA 2.14 (1.11-4.11) 0.02

Albumin 0.39 (0.16-0.95) 0.04 0.51 (0.24-1.07) 0.08

Total bilirubin 1.37 (0.97-1.94) 0.07

Alkaline phosphatase 1.01 (1.00-1.02) 0.06

Total cholesterol 0.99 (0.97-1.00) 0.06

LDL 0.98 (0.97-1.00) 0.03 0.98 (0.96-1.00) 0.02

Platelets 1.00 (0.99-1.00) 0.08

Covariates shown include predictors with P < 0.10 in univariable analyses that were considered in multivariable Cox proportional hazards 
regression models. Hypertension and use of antihypertensive medications were collinear, so they were considered separately, although 
neither was significant. LDL and total cholesterol were also collinear; LDL was included.
Abbreviations: MV, multivariable; UV, univariable.
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risk of developing incident CVD. In subjects with-
out obesity, univariable predictors of incident CVD 
included age, smoking status, lower albumin levels, 
and lower LDL levels. On multivariable analysis, age 
and lower LDL levels were significantly associated 
with increased risk of incident CVD.

Discussion
Using a prospective cohort of individuals with 

NAFLD, we demonstrated that while the presence 
of obesity was associated with prevalent CVD at the 
time of NAFLD diagnosis, among subjects without 
a diagnosis of CVD at baseline, individuals without 
obesity were at a similar risk of developing CVD as 
those with obesity, i.e., nonobesity did not appear to 
protect patients with NAFLD from CVD. Findings 
were consistent when we considered BMI as a con-
tinuous variable and after we excluded overweight 
subjects from the analysis and compared subjects who 
were lean with those with obesity. We also identified 
unique predictors of incident CVD in patients with 
NAFLD with and without obesity. Smoking was an 
independent predictor of incident CVD in subjects 
with obesity; lower LDL levels were significantly asso-
ciated with risk of CVD in subjects without obesity, 
which may reflect increased statin use among subjects 
at risk of CVD. Older age was a predictor of CVD 
that was common to patients with NAFLD with and 
without obesity.

Compared to patients without obesity, those with 
obesity were more likely to exhibit blood lipid abnor-
malities at the time of NAFLD diagnosis. Patients 
with obesity were also more likely to have hyperten-
sion at the time of NAFLD diagnosis compared to 
patients who were lean. However, during long-term 
follow-up of patients with NAFLD, obesity was asso-
ciated with an increased risk of solely incident dyslipid-
emia, although this association was no longer observed 
after excluding subjects who were overweight, and 
their CVD risk was otherwise comparable. Obesity 
appeared to protect against the development of dys-
lipidemia in subjects with NAFLD, although this 
association was not observed after excluding subjects 
who were overweight or adjusting for disease sever-
ity, and may be due to more frequent use of statins 
in subjects with obesity compared to subjects without 
obesity. Risk of other incident metabolic disease was 

comparable between subjects with and without obe-
sity. Overall, these findings suggest that patients with 
NAFLD without obesity share a cardiometabolic risk 
profile that is similar to the remainder of the NAFLD 
population. Furthermore, risks of CVD, hypertension, 
diabetes, and dyslipidemia in patients with NAFLD 
with and without obesity in our cohort were higher 
than risk estimates for the general population(24-27) 
with and without obesity, suggesting that NAFLD 
confers increased risk of cardiovascular and metabolic 
disease, regardless of obesity status.

Consistent with our findings, a recent meta-analysis 
reported that patients without obesity with NAFLD 
had a lower incidence of hypertension and higher 
HDL levels than patients with obesity(11) while other 
metabolic risk factors were not significantly different. 
In another meta-analysis, patients with NAFLD both 
with and without obesity were found to exhibit higher 
incidences of metabolic risk factors relative to controls, 
including increased plasma glucose levels, homeostasis 
model assessment of insulin resistance score, blood 
lipids, blood pressure, and waist circumference.(28) 
This suggests that patients with NAFLD exhibit a 
fundamentally altered cardiometabolic profile, which 
is common to individuals with and without obesity.

Our findings have important implications for 
screening and management. Patients without obe-
sity with NAFLD do not appear to be metabolically 
“healthier” by virtue of having lower BMI values, and 
their risk of CVD must not be overlooked. Providers 
should emphasize the importance of appropriate life-
style measures to reduce CVD risk, screen for meta-
bolic comorbidities on a regular basis, and maintain a 
low threshold for initiating pharmacologic treatment. 
Relative to subjects with obesity, we found that sub-
jects who were lean in our cohort were less likely to 
be prescribed statins or antihypertensive medications 
(38.2% vs. 20.0%, P  =  0.04 and 53.2% vs. 28.6%, 
P  =  0.006, respectively) and subjects without obesity 
were less likely to be prescribed oral antihyperglyce-
mic medications (28.3% vs. 19.2%, P = 0.04), despite 
similar incidences of metabolic comorbidities. This 
may reflect a perception that these patients are at 
a lower risk for CVD by virtue of being nonobese, 
which should be challenged.

The main strengths of the present study include its 
use of a large cohort of Western subjects, its prospec-
tive design with long-term follow-up, and the avail-
ability of detailed clinical, laboratory, and medication 
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data. We opted to undertake a comprehensive review 
of the electronic medical record to identify outcomes 
because reliance on administrative codes is liable to 
classification errors. In contrast to previous studies, 
we examined hard clinical outcomes, including mul-
tiple types of CVD and metabolic comorbidities, as 
opposed to surrogate endpoints. One prior study com-
pared the incidence of hard clinical endpoints among 
subjects who were lean and those who were not(19); 
however, the number of cardiovascular events was low, 
hence these findings were difficult to interpret.

We also acknowledge several limitations. First, our 
study is observational in nature, and we cannot exclude 
the possibility of residual confounding. We attempted 
to minimize this risk by accounting for all significant 
univariable predictors in our multivariate analysis and 
by also adjusting for disease severity. Second, a larger 
proportion of subjects with obesity than subjects with-
out obesity underwent liver biopsy, which may reflect 
an overall greater severity of NAFLD among the for-
mer group and bias the results. However, when lim-
ited to only biopsy-proven NAFLD, the results were 
not meaningfully different. Furthermore, adjustment 
for FIB-4 scores or advanced fibrosis on biopsy or 
elastography did not meaningfully affect our results. 
Third, the number of patients who were lean in our 
cohort was small (n = 35), and therefore our study was 
underpowered to identify predictors of CVD in this 
group. Fourth, BMI values were recorded at baseline, 
and we did not account for changes in BMI values 
during follow-up that may have influenced CVD 
risk. Finally, we lacked data on waist circumference 
or other measures of abdominal and visceral adiposity, 
which are significant predictors of NAFLD, especially 
in individuals without obesity.(11)

In summary, in this prospective cohort of individuals 
with NAFLD, the risks of incident CVD were com-
parable in subjects with and without obesity. Subjects 
with obesity were more likely to be diagnosed with 
dyslipidemia and hypertension at baseline compared 
to subjects without obesity and those who were lean, 
respectively. During long-term follow-up, patients 
with obesity were more likely to develop dyslipidemia; 
however, this association was no longer observed after 
the exclusion of patients who were overweight, and 
incidences of other metabolic comorbidities were not 
increased in the presence of obesity. Older age pre-
dicted CVD in the entire cohort. Smoking was iden-
tified as a significant predictor of CVD in subjects 

with obesity, while baseline LDL levels independently 
predicted CVD in subjects without obesity.

Our results should be validated using an indepen-
dent cohort of adults with NAFLD that includes a 
larger number of subjects who are lean. The identi-
fication of CVD predictors among individuals with 
NAFLD who are lean and overweight should ulti-
mately lead to the development of a reliable cardiovas-
cular risk stratification tool for use in this population.

REFERENCES
	 1)	 Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui 

N, et al. The global epidemiology of NAFLD and NASH in pa-
tients with type 2 diabetes: a systematic review and meta-analysis. 
J Hepatol 2019;71:793-801.

	 2)	 Younossi ZM, Blissett D, Blissett R, Henry L, Stepanova M, 
Younossi Y, et al. The economic and clinical burden of non-
alcoholic fatty liver disease in the United States and Europe. 
Hepatology 2016;64:1577-1586.

	 3)	 Shetty A, Syn W. Health and economic burden of nonalcoholic 
fatty liver disease in the United States and its impact on veterans. 
Fed Pract 2019;36:14-19.

	 4)	 Meyersohn NM, Mayrhofer T, Corey KE, Bittner DO, Staziaki 
PV, Szilveszter B, et al. Association of hepatic steatosis with major 
adverse cardiovascular events, independent of coronary artery dis-
ease. Clin Gastroenterol Hepatol 2021;19:1480-1488.e14.

	 5)	 Targher G, Day CP, Bonora E. Risk of cardiovascular disease 
in patients with nonalcoholic fatty liver disease. N Engl J Med 
2010;363:1341-1350.

	 6)	 Adams LA, Lymp JF, St. Sauver J, Sanderson SO, Lindor KD, 
Feldstein A, et al. The natural history of nonalcoholic fatty liver 
disease: a population-based cohort study. Gastroenterology 
2005;129:113-121.

	 7)	 Misra VL, Khashab M, Chalasani N. Nonalcoholic fatty liver dis-
ease and cardiovascular risk. Curr Gastroenterol Rep 2009;11:50-55.

	 8)	 Tana C, Ballestri S, Ricci F, Di Vincenzo A, Ticinesi A, Gallina 
S, et al. Cardiovascular risk in non-alcoholic fatty liver disease: 
mechanisms and therapeutic implications. Int J Environ Res 
Public Health 2019;16:3104.

	 9)	 Adams LA, Anstee QM, Tilg H, Targher G. Non-alcoholic fatty 
liver disease and its relationship with cardiovascular disease and 
other extrahepatic diseases. Gut 2017;66:1138-1153.

	 10)	 Ye Q, Zou B, Yeo YH, Li J, Huang DQ, Wu Y, et al. Global preva-
lence, incidence, and outcomes of non-obese or lean non-alcoholic 
fatty liver disease: a systematic review and meta-analysis. Lancet 
Gastroenterol Hepatol 2020;5:739-752.

	 11)	 Shi Y, Wang Q, Sun Y, Zhao X, Kong Y, Ou X, et al. The preva-
lence of lean/nonobese nonalcoholic fatty liver disease: a systematic 
review and meta-analysis. J Clin Gastroenterol 2020;54:378-387.

	 12)	 Shao C, Ye J, Li F, Lin Y, Wu T, Wang W, et al. Early predictors of 
cardiovascular disease risk in nonalcoholic fatty liver disease: non-
obese versus obese patients. Dig Dis Sci 2020;65:1850-1860.

	 13)	 Chang Y, Ryu S, Sung K-C, Cho YK, Sung E, Kim H-N, et al. 
Alcoholic and non-alcoholic fatty liver disease and associations 
with coronary artery calcification: evidence from the Kangbuk 
Samsung Health Study. Gut 2019;68:1667-1675.

	 14)	 Wang P, Qiang H, Song Y, Dang Y, Luan H, Cao L, et al. 
Association between nonalcoholic fatty liver and Gensini score 
in patients with coronary heart disease: a cross-sectional study. 
Cardiology 2019;144:90-96.



Hepatology Communications,  Vol. 6, N o. 2,  2022 ARVIND ET AL.

319

	 15)	 Stepanova M, Rafiq N, Younossi ZM. Components of meta-
bolic syndrome are independent predictors of mortality in pa-
tients with chronic liver disease: a population-based study. Gut 
2010;59:1410-1415.

	 16)	 Ampuero J, Aller R, Gallego-Durán R, Banales JM, Crespo J, 
García-Monzón C, et al.; HEPAmet Registry. The effects of 
metabolic status on non-alcoholic fatty liver disease-related out-
comes, beyond the presence of obesity. Aliment Pharmacol Ther 
2018;48:1260-1270.

	 17)	 Kim S-H, Park HY, Lee HS, Jung KS, Lee MH, Jhee JH, et al. 
Association between non-alcoholic fatty liver disease and coronary 
calcification depending on sex and obesity. Sci Rep 2020;10:1025.

	 18)	 Cruz AD, Bugianesi E, George J, Day C, Liaquat H, 
Charatcharoenwitthaya P, et al. Characteristics and long-term 
prognosis of lean patients with nonalcoholic fatty liver disease 
[Abstract 379]. Gastroenterology 2014;146:S909.

	 19)	 Leung J-F, Loong T-W, Wei JL, Wong G-H, Chan A-H, Choi P-
L, et al. Histological severity and clinical outcomes of nonalcoholic 
fatty liver disease in nonobese patients. Hepatology 2017;65:54-64.

	 20)	 Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, 
Cummings OW, et al.; Nonalcoholic Steatohepatitis Clinical 
Research Network. Design and validation of a histological scor-
ing system for nonalcoholic fatty liver disease. Hepatology 
2005;41:1313-1321.

	 21)	 Younossi ZM, Noureddin M, Bernstein D, Kwo P, Russo M, 
Shiffman ML, et al. Role of noninvasive tests in clinical gas-
troenterology practices to identify patients with nonalcoholic 
steatohepatitis at high risk of adverse outcomes: expert panel rec-
ommendations. Am J Gastrenterol 2021;116:254-262.

	 22)	 Friedrich-Rust M, Nierhoff J, Lupsor M, Sporea I, Fierbinteanu-
Braticevici C, Strobel D, et al. Performance of acoustic radiation 

force impulse imaging for the staging of liver fibrosis: a pooled 
meta-analysis. J Viral Hepat 2012;19:e212-e219.

	 23)	 Jih J, Mukherjea A, Vittinghoff E, Nguyen TT, Tsoh JY, 
Fukuoka Y, et al. Using appropriate body mass index cut points 
for overweight and obesity among Asian Americans. Prev Med 
2014;65:1-6.

	 24)	 Yoshitaka H, Hamaguchi M, Kojima T, Fukuda T, Ohbora A, 
Fukui M. Nonoverweight nonalcoholic fatty liver disease and in-
cident cardiovascular disease: a post hoc analysis of a cohort study. 
Medicine (Baltimore) 2017;96:e6712.

	 25)	 Nguyen NT, Magno CP, Lane KT, Hinojosa MW, Lane JS. 
Association of Hypertension, diabetes, dyslipidemia, and meta-
bolic syndrome with obesity: findings from the National Health 
and Nutrition Examination Survey, 1999 to 2004. J Am Coll Surg 
2008;207:928-934.

	 26)	 Zhang Y, Hou L-S, Tang W-W, Xu F, Xu R-H, Liu X, et al. High 
prevalence of obesity-related hypertension among adults aged 40 
to 79 years in Southwest China. Sci Rep 2019;9:15838.

	 27)	 El-Hazmi MA, Warsy AS. Prevalence of hypertension in obese 
and non-obese Saudis. Saudi Med J 2001;22:44-48.

	 28)	 Sookoian S, Pirola CJ. Systematic review with meta-analysis: risk 
factors for non-alcoholic fatty liver disease suggest a shared altered 
metabolic and cardiovascular profile between lean and obese pa-
tients. Aliment Pharmacol Ther 2017;46:85-95.

Supporting Information
Additional Supporting Information may be found at 

onlinelibrary.wiley.com/doi/10.1002/hep4.1818/suppinfo.

http://onlinelibrary.wiley.com/doi/10.1002/hep4.1818/suppinfo

