
Vol.:(0123456789)1 3

Digestive Diseases and Sciences 
https://doi.org/10.1007/s10620-021-06954-y

ORIGINAL ARTICLE

Fatty Liver Index and Development of Cardiovascular Disease: 
Findings from the UK Biobank

Biyao Zou1,2 · Yee Hui Yeo1,3 · Ramsey Cheung1,4 · Erik Ingelsson5,6,7 · Mindie H. Nguyen1 

Received: 18 August 2020 / Accepted: 12 March 2021 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract
Background Nonalcoholic fatty liver disease is common and is associated with rising morbidity and mortality in the UK. 
Cardiovascular disease is the main cause of death in people with nonalcoholic fatty liver disease.
Aims To determine the association between baseline cardiovascular risk factors with fatty liver index, and to investigate the 
association between fatty liver index and the incidence of cardiovascular disease in the UK.
Methods This study is a population-based retrospective cohort study using the UK Biobank database.
Results The mean fatty liver index in the study cohort was 44.9, and 33.7% met the criteria for nonalcoholic fatty liver 
disease. Fatty liver index was significantly associated with a wide range of cardiovascular risk factors at baseline. During a 
mean follow-up of 7.86 years, the combined incidence of cardiovascular disease was 6.92 per 1000-person years at risk. We 
found significant association between fatty liver index and incident cardiovascular disease in the fully adjusted model. We 
found significant association between fatty liver index and incident cardiovascular disease in subgroups stratified by BMI 
as well as subgroups with fatty liver index < 30, < 60, and ≥ 60.
Conclusions Fatty liver index not only predicts NAFLD diagnosis, but also indicates baseline and future development of 
cardiovascular disease on long-term follow-up across weight categories and fatty liver index spectrum. These findings can 
inform clinicians and other stakeholders on cardiovascular disease management and preventive efforts. Patients with high 
fatty liver index should be counseled on the increased future risk of developing cardiovascular disease.
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Abbreviations
aHR  Adjusted hazard ratios
BMI  Body mass index
CVD  Cardiovascular disease
CHD  Coronary heart disease
DBP  Diastolic blood pressure
FLI  Fatty liver index
GGT   Gamma-glutamyl transferase
HDL  High-density lipoprotein
HES  Hospital episode statistics
NAFLD  Nonalcoholic fatty liver disease
SBP  Systolic blood pressure
UK  United Kingdom

Introduction

Nonalcoholic fatty liver disease (NAFLD) is defined as 
excessive hepatic steatosis of > 5% in the absence of other 
identifiable cause of hepatic steatosis such as significant 
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alcohol use or chronic hepatitis C [1]. The prevalence of 
NAFLD in the general UK population is estimated to be 
17–33% [2]. NAFLD is strongly associated with obesity, 
diabetes, metabolic syndrome and is the leading cause of 
chronic liver disease affecting about one-quarter of the 
world population [3–10]. In terms of mortality, NAFLD 
is not only associated with liver-related mortality, but also 
with increased cardiovascular disease (CVD) and cancer 
mortality [11–13]. Importantly, CVD was the main cause 
of death in NAFLD patients (38% of all causes) from studies 
in the USA, Europe, and Asia [14]. Morbidity and mortality 
related to NAFLD have also continued to rise, but recent 
data have shown that they are modifiable with attainment of 
cardiovascular metrics [15, 16].

However, few large-scale studies have focused on inci-
dence of CVD outcomes in NAFLD patients and results 
to date have been inconsistent. A recent study identified 
120,795 NAFLD patients and incident CVD via ICD-9 
diagnosis codes using healthcare administrative databases 
from four European countries. The study found that NAFLD 
was not associated with increased incident acute myocar-
dial infarction or stroke after adjusting for established 
CVD factors [17]. On the other hand, another cohort study 
from Korea concluded that NAFLD was associated with an 
increased incidence of myocardial infarction independently 
of established risk factors in a cohort of 37,263 ultrasound-
diagnosed NAFLD persons evaluated at a health checkup 
clinic [18]. In this study, NAFLD was identified via liver 
ultrasound and the included clinical and laboratory data 
rather than relying on ICD diagnosis codes alone. Therefore, 
the conflicting conclusions from these studies may be due in 
part to differences in the diagnostic method of NAFLD and 
other background risks.

In this study, we hypothesize that there is a relationship 
between fatty liver index (FLI, a noninvasive test for diag-
nosis of nonalcoholic fatty liver disease) and cardiovascu-
lar risk. We used a well-characterized epidemiology cohort 
from the UK with a combination of clinic-laboratory data 
and ICD-9 diagnosis. We aimed to characterize the preva-
lence of NAFLD using the fatty liver index, to determine 
the association between baseline cardiovascular risk factors 
with FLI, the association between FLI and the incidence 
of coronary heart disease, stroke, atrial fibrillation, heart 
failure, and CVD combined in the UK.

Methods

Data Source and Study Population

We obtained our data from the UK Biobank database, which 
is a large longitudinal cohort of about 500,000 UK adults 
aged 40–69 recruited during 2006–2010 and with medical 

history, health behavior, physical measures, and biological 
samples obtained at the time of enrolment. We included all 
UK Biobank participants without missing data to allow cal-
culation of the FLI and all covariates of interest as specified 
below [19]. We calculated the weekly alcohol consumption 
(gram) in each participant and excluded patients with exces-
sive alcohol drinking (daily alcohol consumption ≥ 30 g for 
men and ≥ 20 g for women), and subjects with other liver 
disease including viral hepatitis, Wilson’s disease, hemo-
chromatosis, autoimmune hepatitis, and cryptogenic cirrho-
sis. We also excluded participants with CVD diagnosis prior 
to the baseline.

In addition, we used the Hospital Episode Statistics 
(HES) data which was linked to the UK Biobank database 
by unique identifiers. HES contains records of all patients 
admitted to NHS hospitals from 1997 onwards including 
admission date, discharge date, diagnostic and operation 
codes (ICD-9, ICD-10, and Office of Population Censuses 
and Surveys Classification of Interventions and Procedures 
version 4 (OPCS-4) codes) [20]. This study was approved by 
the institutional review board of Stanford University.

Exposure, Outcome and Covariates Measurement 
and Classification

The exposure used for this study is FLI, defined by the 
formula involving triglycerides, body mass index (BMI), 
gamma-glutamyl transferase (GGT), and waist circumfer-
ence [19]. FLI < 30 correlates with the absence of fatty liver, 
while FLI > 60 indicates the presence of fatty liver. FLI has 
an accuracy of 0.84 in detecting fatty liver [19].

The primary outcome of this study is incident CVD. For 
the purpose of this study, CVD is defined as coronary heart 
disease (CHD), stroke, atrial fibrillation, and heart failure. 
CHD was defined as International Classification of Diseases 
edition 9 codes 410–411, edition 10 codes I20.0, I21, and 
I22, and OPCS-4 operation codes for percutaneous translu-
minal coronary angioplasty and coronary artery bypass graft 
(codes K40-K46, K49-K50, and K75) [21, 22].

Stroke was defined as ischemic (ICD-9: 433–434, ICD-
10: I63) or hemorrhagic stroke (ICD-9: 430–432, ICD-10: 
I60-I62). Atrial fibrillation was defined as ICD-9 code 427.3, 
ICD-10 code I48, and OPCS-4 operation codes K50.1, 
K62.2-K62.4 [21, 22]. Heart failure was defined as ICD-9 
code 428 and ICD-10 code I50. The hospital registry-based 
follow-up ended on March 31, 2017. Individuals were cen-
sored on these dates, time of event in question or the time of 
death, whichever occurred first.

The covariates included age, sex, race, assessment center, 
current smoking status (yes or no), Townsend deprivation 
index, systolic blood pressure (SBP) (mmHg), diastolic 
blood pressure (DBP) (mmHg), high-density lipoprotein 
(HDL) cholesterol (mg/dl), anti-hypertensive treatment, 
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lipid-lowering treatment, HbA1C, and anti-diabetic treat-
ment. Race was grouped into four categories: White, Black, 
Asian, and Other. The location of assessment centers 
includes England, Wales, and Scotland. Townsend depriva-
tion index, which is a measure of the level of social depri-
vation in which the participant lives [23], was calculated 
immediately prior to participant joining the UK Biobank. 
Each participant is assigned a score corresponding to the 
output area in which their postcode is located. All covariates 
were measured at baseline.

Statistical Analysis

We performed descriptive analysis to describe study partici-
pant baseline characteristics. Using baseline data, we calcu-
lated FLI for all included study participants. We conducted 
univariable and multivariable linear regression to investigate 
the association between CVD risk factors including age, sex, 
smoking, SBP, DBP, HDL cholesterol, non-HDL choles-
terol, and HbA1C and FLI at baseline. We used Cox propor-
tional hazards model to determine the association between 
per 10 units increase in FLI and incident CVD outcomes. We 
conducted two sets of multivariable-adjusted models. In the 
basic model, we adjusted for age, sex, race, and assessment 
center. In the expanded model, we adjusted for age, sex, 
race, assessment center, smoking, Townsend index, SBP, 
DBP, non-HDL cholesterol, anti-hypertensive treatment, 
lipid-lowering treatment, HbA1C, and anti-diabetic treat-
ment. Since BMI is a well-known risk factor for CVD, we 
stratified participants by BMI and performed subgroup Cox 
proportional hazards regression using similar models on the 
underweight/normal weight population and the overweight/
obese population separately. In addition, we performed sen-
sitivity analysis using similar models to include only par-
ticipants with FLI < 30, FLI < 60 or only participants with 
FLI ≥ 60.

The P-values for all statistical analyses were two-tailed, 
with a significance level of 0.05. We performed all analyses 
using STATA version 14 (Stata Corp., College Station, TX).

Results

Study Population

A total of 502,536 participants were identified from the UK 
Biobank database (Fig. 1). We then excluded participants 
with other liver diseases (N = 3006) and excessive alcohol 
drinking (N = 229,610). Among people who were not heavy 
drinkers, we excluded participants with a history of CVD 
at baseline (N = 9663). After excluding 63,339 participants 
with missing data for calculation of FLI or covariates, a total 
of 196,128 participants were included in our study analyses.

The mean age of the study population was 56.6 years 
(± 8) (Table 1). About half (52.6%) of the study population 
was female (N = 103,227). The average BMI in this cohort 
was 26.8 ± 4.3 kg/m [2], while the waist circumference was 
89.1 ± 12.8 cm. We also found that the FLI ≥ 60 group was 
older, less likely female, and had higher levels of GGT as 
well as of other markers of metabolic diseases such as tri-
glycerides, SBP, and DBP (Table 1).

NAFLD Prevalence and Association Between 
Baseline CVD Risk Factors

The mean FLI was 44.9 ± 29.2, and the percentage of par-
ticipants meeting the criteria for NAFLD (FLI > 60) was 
33.7%. Table 2 describes CVD risk factors associated with 
baseline FLI. In the univariable model (Table 2a), all CVD 
risk factors were significantly associated with an increase 
in FLI except for HDL, which was significantly associated 
with a decrease in FLI (− 1.04, 95% CI − 1.05—1.03). In the 
multivariable model (Table 2b), age, sex, SBP, DBP, non-
HDL cholesterol, and HbA1c were significantly associated 
with an increase in FLI, and again only HDL cholesterol was 
significantly associated with a decrease in FLI (− 0.79, 95% 
CI − 0.80—0.78), and smoking was no longer significant.

Incidence Rate of Cardiovascular Disease

During a mean follow-up time of 7.86 years, the combined 
CVD incidence rate was 6.92 per 1000 person-years (95% CI 
6.79–7.05) (Table 3a). Among the individual CVD studied, 

Fig. 1  Flowchart of patient selection
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the highest incidence rate was observed for atrial fibrillation 
(3.55 per 1000 person-years, 95% CI 3.46–3.65), and the 
lowest incidence rate was observed for stroke (1.04 per 1000 
person-years, 95% CI 0.99–1.09) (Table 3a). The incidence 
rates of the individual CVDs were higher in participants 
with FLI ≥ 60 compared to those of the FLI < 60 group; and 
the incidence rate for all CVD combined in participants with 
FLI ≥ 60 was about twice that of the FLI < 60 group (10.42 
per 1000 person-years, 95% CI 10.15–10.70) vs. 5.18 per 
1000 person-years (95% CI 5.04–5.32) (Table 3b, c).

Association Between FLI and Incident 
Cardiovascular Disease

In the basic model, after adjusting for age, sex, race, 
and assessment center, we found significant association 
between incident CVD and increased FLI (per 10 units) 
for both all CVD combined and the individual CVD, with 
adjusted hazard ratios (aHR) ranging from 1.04 (95% CI 
1.02–1.06) for incident stroke to 1.15 (95% CI 1.13–1.17) 
for incident heart failure (Table 4). When we adjusted 
for additional covariates (smoking, Townsend index, 
SBP, DBP, non-HDL cholesterol, anti-hypertensive treat-
ment, lipid-lowering treatment, HbA1C, and anti-diabetic 

Table 1  Participant baseline 
characteristics

Values expressed as mean ± SD or number (percentage)
a A measure of the level of social deprivation in which the participant lives

Characteristic Overall
N = 196,128

FLI < 60
N = 129,964

FLI ≥ 60
N = 66,164

Age (years) 56.6 ± 8.0 56.2 ± 8.1 57.4 ± 7.7
Sex
 Female 103,227 (52.6%) 82,472 (63.5%) 20,755 (31.4%)

Race
 White 190,605 (97.2%) 126,389 (97.3%) 64,216 (97.1%)
 Black 1656 (0.8%) 1021 (0.8%) 635 (1.0%)
 Asian 1987 (1.0%) 1310 (1.0%) 677 (1.0%)
 Other 1880 (1.0%) 1244 (1.0%) 636 (1.0%)

Assessment center
 England 179,864 (91.7%) 119,329 (91.8%) 60,535 (91.5%)
 Wales 8906 (4.5%) 5516 (4.2%) 3390 (5.1%)
 Scotland 7358 (3.8%) 5119 (3.9%) 2239 (3.4%)
 Townsend deprivation  indexa − 1.8 ± 2.8 − 1.9 ± 2.8 − 1.6 ± 2.9

Current smoker
 Yes 15,106 (7.7%) 9225 (7.1%) 5881 (8.9%)

Anti-hypertensive medication
 Yes 18,495 (9.4%) 9495 (7.3%) 9000 (13.6%)

Lipid lowering medication
 Yes 27,321 (13.9%) 12,638 (9.7%) 14,683 (22.2%)

Anti-diabetic medication
 Yes 4611 (2.4%) 1576 (1.2%) 3035 (4.6%)
 Body mass index 26.8 ± 4.3 24.8 ± 2.7 30.9 ± 4.0
 Waist circumference (cm) 89.1 ± 12.8 82.6 ± 8.9 101.7 ± 9.3
 Fatty liver index 44.9 ± 29.2 27.1 ± 16.8 79.9 ± 11.3
 Triglycerides (mg/dl) 149.1 ± 85.9 117.5 ± 53.4 211.4 ± 102.2
 Gamma-glutamyl transferase (U/L) 34.9 ± 35.7 25.9 ± 18.5 52.4 ± 51.4
 Aspartate aminotransferase (U/L) 25.8 ± 9.5 24.5 ± 7.8 28.5 ± 11.8
 Alanine aminotransferase (U/L) 23.1 ± 13.4 19.4 ± 9.4 30.3 ± 16.8
 Platelet count  (109 cells/L) 251.4 ± 58.3 252.5 ± 57.8 249.4 ± 59.0
 Systolic blood pressure (mmHg) 139.5 ± 19.4 136.8 ± 19.4 144.9 ± 18.2
 Diastolic blood pressure (mmHg) 82.1 ± 10.5 80.1 ± 10.2 86.0 ± 10.1
 Non-HDL cholesterol (mg/dl) 165.6 ± 40.6 160.0 ± 38.1 176.5 ± 43.0
 HbA1c (mmol/mol) 35.5 ± 5.7 34.7 ± 4.58 37.1 ± 7.2
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treatment) in our expanded model, except for stroke, all 
associations between FLI and CVD remained signifi-
cant (aHRs 1.07, 95%CI 1.06–1.08 for CVD combined; 
1.06, 95% CI 1.04–1.07 for incident CHD; 1.08, 95%CI 
1.07–1.09 for incident atrial fibrillation; 1.12, 95% CI 
1.10–1.14 for incident heart failure) (Table 4).

In analyses stratified by BMI, we found a significant asso-
ciation between FLI and CVD combined in both the basic 
and expanded models but inconsistent results for the indi-
vidual CVD condition among underweight/normal weight 
participants (Table 4). However, in the overweight/obese 
population, the associations between FLI and incident CVD 
combined as well as the individual CVD were similar in 
both the basic and the expanded models (Table 4b). In the 
expanded model, HRs ranged from 1.03 (95% CI 1.00–1.06) 
for incident stroke to 1.15 (95% CI 1.11–1.18) for incident 
heart failure (Table 4).

In all these analyses, stroke had the weakest association 
and in some models, the aHR did not reach statistical sig-
nificance. Similarly, the aHR of CHD among underweight 
or normal weight group did not reach statistical significance 
in one of the models.

We also performed stratified analysis by FLI (< 30, < 60 
or ≥ 60) and found significant association between FLI and 
CVD in all FLI groups, aHR 1.08 (95% CI 1.02–1.14) for 
FLI < 30, aHR 1.05 (95% CI 1.03–1.07) for FLI < 60 and 
1.12 (95% CI 1.09–1.15) for FLI ≥ 60 following adjustment 
for age, sex, race, assessment center, smoking, Townsend 
index, SBP, DBP, non-HDL cholesterol, anti-hypertensive 
treatment, lipid-lowering treatment, HbA1c, and anti-dia-
betic treatment.

Table 2  Association between baseline factors related to cardiovascu-
lar disease and fatty liver index

Factors Coefficient P value

(a) Univariable model
Age (year) 0.47 (0.46–0.49)  < 0.001
Male 1.06 (1.03–1.08)  < 0.001
Smoking 1.10 (1.09–1.12)  < 0.001
Systolic blood pressure (mmHg) 0.40 (0.39–0.40)  < 0.001
Diastolic blood pressure (mmHg 0.92 (0.91–0.94)  < 0.001
HDL cholesterol (mg/dl) − 1.04 (− 1.05− 1.03)  < 0.001
Non-HDL cholesterol (mg/dl) 0.18 (0.18–0.19)  < 0.001
HbA1c (mmol/mol) 1.19 (1.17–1.21)  < 0.001
(b) Multivariable model
Age (year) 0.27 (0.26–0.28)  < 0.001
Male 10.03 (9.81–10.25)  < 0.001
Smoking − 0.26 (− 0.62–0.10) 0.16
Systolic blood pressure (mmHg) 0.01 (0.004–0.02) 0.001
Diastolic blood pressure (mmHg 0.56 (0.55–0.58)  < 0.001
HDL cholesterol (mg/dl) − 0.79 (− 0.80− 0.78)  < 0.001
Non-HDL cholesterol (mg/dl) 0.15 (0.14–0.15)  < 0.001
HbA1c (mmol/mol) 0.78 (0.77–0.80)  < 0.001

Table 3  Incidence rate of 
cardiovascular disease

Incident cardiovascular disease Incidence rate (per 1000 
person-years)

Events Mean follow-
up time (year)

(a) Overall (N = 196,128)
Coronary heart disease 2.58 (2.50–2.66) 4028 7.97
Stroke 1.04 (0.99–1.09) 1630 8.02
Atrial fibrillation 3.55 (3.46–3.65) 5543 7.95
Heart failure 1.05 (1.01–1.11) 1660 8.02
Cardiovascular disease (combined) 6.92 (6.79–7.05) 10,669 7.86
(b) Fatty liver index < 60 (N = 129,964)
Coronary heart disease 1.74 (1.67–1.83) 1815 8.00
Stroke 0.89 (0.83–0.94) 925 8.04
Atrial fibrillation 2.72 (2.62–2.82) 2818 7.98
Heart failure 0.71 (0.66–0.76) 739 8.04
Cardiovascular disease (combined) 5.18 (5.04–5.32) 5328 7.92
(c) Fatty liver index ≥ 60 (N = 66,164)
Coronary heart disease 4.24 (4.06–4.42) 2213 7.90
Stroke 1.33 (1.24–1.43) 705 8.00
Atrial fibrillation 5.22 (5.02–5.42) 2725 7.89
Heart failure 1.74 (1.63–1.86) 921 7.99
Cardiovascular disease (combined) 10.42 (10.15–10.70) 5341 7.75
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Discussion

In this study of 196,128 eligible UK Biobank participants, 
the mean FLI was 44.9 and 33.7% met the criteria for 
NAFLD with FLI > 60 which is in line with prior estimates 
(2), and FLI was significantly associated with a wide range 
of baseline cardiovascular risk factors. During a mean fol-
low-up of 7.86 years, the combined incidence of CVD was 
6.92 per 1000-person year, with the FLI ≥ 60 group having 
about twice the incidence in those with FLI < 60. We also 
found significant association between FLI and CVD after 
adjusting for age, sex, race, smoking, assessment center, 
Townsend index, SBP, DBP, anti-hypertensive treatment, 
non-HDL cholesterol, lipid-lowering treatment, HbA1c, and 
antidiabetic treatment. Our results were similar on subanaly-
sis stratified by BMI and FLI subgroups. It is also important 
to note that the measurement of association between CVD 
and FLI in our study was per 10-point increment of FLI. 
For example, with the hazard ratio between CVD overall 
and FLI of 1.07, the risk of CVD in a person with FLI of 80 
compared to one with FLI of 30 would be (1.07) [5] incre-
ments of FLI, resulting in a hazard ratio of 1.40.

At baseline, we also found significant association between 
CVD risk factors (older age, male sex, dyslipidemia, hyper-
tension, and hyperglycemia) and FLI. The Framingham 
Heart Study showed that NAFLD is independently associ-
ated with diabetes, hypertension, and dyslipidemia [24]. 
Another population-based study with multiethnic partici-
pants also determined that male sex and older age were risk 
factors for NAFLD [25]. Estrogen has been proved to be 
a protective factor for NAFLD in both animal and human 
models [26, 27], which may provide support for the finding 
of male sex being a risk factor for NAFLD. However, it is 
also likely that the components of FLI are related to CVD 
risk factors. First, BMI and waist circumference, markers of 

obesity, are associated with hypertension and diabetes, as 
well as cardiovascular disease [28–30]. Similarly, triglyc-
eride level is a marker of dyslipidemia and a risk factor for 
cardiovascular disease. Finally, the fourth variable of the 
FLI, GGT, has also been known to associate with increased 
cardiovascular risk and/or mortality [31].

Our observation of the relationship between FLI and inci-
dent CVD on long-term follow-up is in line with prior data 
from the health checkup clinic cohort from Korea, which 
reported significant association between NAFLD and inci-
dent CVD as mentioned above [18]. The results suggest 
that in addition to the shared risk factors between NAFLD 
and CVD, NAFLD appears to also be an independent factor 
associated with the development of future CVD. Therefore, 
NAFLD should be taken into account when considering 
CVD preventive management, a particularly relevant point 
given the fact that more than a quarter of the mortality in the 
UK population was due to CVD. Our results are also consist-
ent with other studies that reported significant association 
between FLI and incident CVD such as the Finnish study of 
1205 middle-aged men (median follow-up = 17 years), the 
Cremona study that included 2074 middle-aged Caucasians 
who were followed for 15 years in Italy, and the Korean 
study of 3,011,588 subjects (median follow-up = 6 years) 
[32–34]. On the other hand, one study of 574 Chinese 
patients found no significant association between FLI and 
newly diagnosed coronary atherosclerotic disease by coro-
nary angiogram; however, this is a cross-sectional study of 
a relatively small and selected sample of patients undergo-
ing coronary angiogram, limiting their conclusion [35]. Our 
study and the Finnish and Italian cohort studies above have 
more broad-based subject recruitment and are cohort studies 
with long-term follow-up.

Although ultrasound is the most common noninvasive 
test for diagnosis of fatty liver, FLI has been developed 

Table 4  Hazard ratio relating fatty liver index (per 10) with incident cardiovascular disease

a Adjusted for age, sex, race, and assessment center
b Adjusted for age, sex, race, assessment center, smoking, Townsend index, SBP, DBP, non-HDL cholesterol, anti-hypertensive treatment, lipid-
lowering treatment, HbA1c, and anti-diabetic treatment

Incident cardiovas-
cular disease

Overall Underweight (BMI < 18.5)/normal 
weight (BMI 18.5–24.9)

Overweight (25–29.9)/obese (BMI ≥ 30)

Hazard  ratioa (95% 
CI)

Hazard  ratiob (95% 
CI)

Hazard  ratioa (95% 
CI)

Hazard  ratiob (95% 
CI)

Hazard  ratioa (95% 
CI)

Hazard  ratiob (95% 
CI)

Coronary heart 
disease

1.13 (1.12–1.14) 1.06 (1.04–1.07) 1.18 (1.14–1.23) 0.99 (0.92–1.06) 1.13 (1.11–1.15) 1.06 (1.04–1.08)

Stroke 1.04 (1.02–1.06) 1.01 (0.99–1.04) 1.01 (0.94–1.07) 1.05 (0.99–1.11) 1.06 (1.03–1.08) 1.03 (1.00–1.06)
Atrial fibrillation 1.09 (1.08–1.10) 1.08 (1.07–1.09) 1.01 (0.97–1.04) 1.04 (1.00–1.08) 1.10 (1.09–1.12) 1.10 (1.08–1.11)
Heart failure 1.15 (1.13–1.17) 1.12 (1.10–1.14) 1.09 (1.02–1.16) 1.08 (1.01–1.16) 1.19 (1.16–1.22) 1.15 (1.11–1.18)
Cardiovascular 

disease (com-
bined)

1.10 (1.09–1.11) 1.07 (1.06–1.08) 1.07 (1.05–1.10) 1.05 (1.02–1.08) 1.11 (1.10–1.12) 1.08 (1.07–1.09)
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and validated for the diagnosis of fatty liver using two 
widely available serum tests (triglycerides, GGT) and 
two easily obtained physical measurements (BMI and 
waist circumference), making FLI much more practical 
for diagnosis of NAFLD especially for large population-
based study and for resource-limited areas [36–38]. Since 
BMI is one of the 4 variables that make up the FLI, we 
performed additional analysis stratified by BMI and found 
that the significant association between FLI and combined 
CVD remained robust in multivariable analyses of both 
the underweight/normal weight and the overweight/obese 
population. This is particularly relevant because a recent 
meta-analysis comprising of over 90 studies (> 10 million 
patients, 24 countries/areas) reported that about 40% of 
the NAFLD population are not obese [39], and nonobese 
NAFLD people even had higher long-term mortality than 
obese NAFLD people [40]. In addition, we found signifi-
cant association between FLI and incident CVD not only 
in the NAFLD population with FLI of 60 or above but also 
in the population with FLI of < 60 and those with FLI < 30, 
further suggest that our results are robust across BMI and 
FLI spectrum, and not dependent on NAFLD.

Taken together, our findings imply that FLI does not 
only predict NAFLD diagnosis but also indicates future 
development of CVD on long-term follow-up across 
weight categories and FLI spectrum. Therefore, clini-
cians should monitor for development of CVD in NAFLD 
patients as well as those with elevated FLI below the 
threshold for NAFLD diagnosis. FLI is noninvasive, 
inexpensive and easy test to calculate, which should be 
accessible to patients and clinicians in most care/practice 
setting. Patients with high FLI should be counseled on 
the increased risk of developing CVD in the future. These 
patients should also be targeted for additional cardiovascu-
lar preventive efforts to include more vigilant management 
of comorbidities associated with CVD.

The strength of this study includes its prospective pop-
ulation-based longitudinal study design, well-characterized 
baseline variables, and well-characterized CVD events since 
they were identified via inpatient diagnosis codes from the 
NHS, a healthcare system that covers majority of the UK 
population. In addition, to the best of our knowledge, our 
study includes the largest number of study participants, 
which allowed us to perform multiple subgroup analyses 
and adjusted our regression models for a comprehensive 
range of potential confounders to enhance the robustness 
of our results.

Our study also has limitations. FLI is used to predict the 
presence or absence of NAFLD, but not good in quantify-
ing the amount of hepatic steatosis [41–43]. However, the 
amount of hepatic steatosis might not be relevant. There 
could also be inaccurate coding as in any databases though 
the specific CVD included in this study is usually readily 

diagnosable with objective evaluation especially in an inpa-
tient setting. The mean follow-up period in our study is rela-
tively short (just over 7 years); thus, our data may represent 
an underestimate since disease incidence rates may increase 
on longer follow-up. The UK Biobank cohort is comprised 
of 97% White, so our data may not be generalizable for peo-
ple of other race/ethnicities. In terms of smoking history, 
this was a one-time assessment at baseline and the response 
was only dichotomized and not quantified.

In conclusion, our study demonstrates that FLI increase 
was associated with higher CVD incidence. The association 
was significant across BMI and FLI spectrum. These find-
ings can inform clinicians on the management of patients 
at risk for CVD and other stakeholders on CVD preventive 
efforts.
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