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Abstract

The prevalence of nonalcoholic fatty liver disease (NAFLD) has been increasing rapidly worldwide, affecting 25-30% of the
population. Fatty liver index (FLI) is a validated marker of NAFLD and can be used as a screening tool for hepatic steatosis.
The purpose of the study was to evaluate the relationship between FLI and the risk of major cardiovascular events in never
treated hypertensive patients. We included 903 hypertensive patients without a history of cardiovascular disease (mean age
52.7 £ 11.4 years; men 55%; baseline clinic BP 149.8 + 15.2/95.5 + 10.1 mmHg). Participants were prospectively evaluated
for a mean follow-up period of 5.2 + 3.2 years with at least one annual visit. Patients were also categorized into two groups
using an FLI of 60 units. The incidence of cardiovascular events during follow-up was 8.5% (n = 77). Patients with FLI < 60
(n =625) had a better BP control compared to their counterparts with FLI > 60 (n =278) during follow up (43% vs 33%,
p =0.02). Cox-regression analysis indicated that FLI (Hazard Ratio [HR], 1.05; 95% Confidence Interval [CI], 1.03-1.07,
p <0.001), FLI z-scores (HR, 3.66; 95% CI, 2.22-6.04) and high-risk FLI (HR, 7.5; 95% CI, 3.12-18.04) were independent
determinants of the outcome after adjustment for baseline and follow-up variables. Stratification by diabetes mellitus
indicated that FLI predicted the outcome to a greater extent in those with than those without diabetes (P-interaction < 0.001).
In conclusion, FLI has an independent prognostic value for the incidence of cardiovascular events in newly diagnosed,
never-treated hypertensive patients. Therefore, FLI might identify higher-risk patients in the primary prevention of
hypertension.
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Introduction presence and severity of NAFLD are strongly correlated to a

heightened risk of cardiovascular disease and metabolic
Nonalcoholic fatty liver disease (NAFLD) has been derangement, including diabetes mellitus [1, 2]. Mounting
increasingly recognized as a multisystem disease with  evidence has demonstrated that NAFLD may promote,
widespread extrahepatic manifestations [1]. Indeed, the  maintain and perpetuate adverse pathophysiological
mechanisms, including low-grade systemic inflammation,
renin-angiotensin, sympathetic system activation, and
insulin resistance [3]. Although prospective studies have

Supplementary information The online version contains unanimously shown that NAFLD may be independently
supplementary material available at https://doi.org/10.1038/s41440- associated with high-normal blood pressure (BP) or

022-01015-x. . .
hypertension [4, 5], the exact role of NAFLD in the
>< Costas Thomopoulos development of hypertension is not yet fully elucidated and
thokos @otenet.gr is highly underestimated in the usual clinical practice.
! First Department of Cardiology, Hippokration Hospital, Medical Although d_eﬁmtwe _NAFLD diagnosis - mandates .th.e
School, National and Kapodistrian University of Athens, implementation of a liver ultrasound and/or more sophisti-
Athens, Greece cated imaging techniques [6], a clinically useful auxiliary
2 Department of Cardiology, Helena Venizelou Hospital, marker of NAFLD is the fatty liver index (FLI) which can
Athens, Greece be easily calculated by using simple laboratory and

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-022-01015-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-022-01015-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-022-01015-x&domain=pdf
mailto:thokos@otenet.gr
https://doi.org/10.1038/s41440-022-01015-x
https://doi.org/10.1038/s41440-022-01015-x

120

E. Siafi et al.

Graphical Abstract

Fatty liver index (FLI) is a validated marker of nonalcoholic fatty liver disease. Newly diagnosed, never-treated patients with
hypertension free of cardiovascular disease (n = 903) were evaluated for 5.2 + 3.2 years. A high-risk FLI pattern (FLI > 60)
has a prognostic value for incident cardiovascular events independent of confounders.
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anthropometric measures [7]. Based on FLI levels, a high
probability of underlying NAFLD has been attributed to an
FLI measurement of 60 units or higher [7]. As a surrogate
marker of NAFLD, the FLI has been used in several epi-
demiological or clinical studies and is associated with
subclinical and clinical organ damage [4, 5, 8].

Although the association between NAFLD and cardio-
vascular events has been demonstrated in mixed cohorts of
patients with and without hypertension [8], no prospective
study was conducted on hypertensive individuals to evalu-
ate the effect of FLI or FLI-related high-risk patterns on
incident cardiovascular events. Moreover, the previous
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studies [6, 8] included individuals treated with BP-lowering
drugs and individuals without baseline antihypertensive
treatment. Therefore, limiting the investigation to newly-
diagnosed patients without baseline BP-lowering treatment
may avoid bias related to the duration of previous hyper-
tension and the cardiovascular protection legacy of previous
BP-lowering drugs. Moreover, a similar BP-lowering
strategy can be applied with prespecified follow-up visits
and interventions to allow adjustments for the on-treatment
clinical characteristics of the participants.

We hypothesize that FLI or high-risk FLI-related patterns
may be associated with increased cardiovascular events in



Fatty liver index and cardiovascular outcomes in never-treated hypertensive patients: a prospective... 121

newly-diagnosed hypertensive patients without previous
exposure to BP-lowering drugs. To test the hypothesis, (1) a
prospective cohort was used, (2) FLI was computed at base-
line, (3) patients were stratified by FLI risk patterns and
received a BP-lowering strategy at baseline, (4) regular annual
visits were scheduled during follow-up, and (5) anti-
hypertensive drug treatment escalation together with lifestyle
measures was prescribed aiming to achieve optimal BP con-
trol, and additional risk factors were adequately treated.

Methods
Study Design and Participants

This prospective study investigated whether FLI, a surro-
gate marker of NAFLD, predicts fatal or non-fatal cardio-
vascular events in newly-diagnosed never-treated
hypertensive patients. Between 2009 and 2012, we recruited
never-treated men and non-pregnant women aged >18 years
without a history of cardiovascular disease, referred or self-
referred for suspected hypertension to a University hospital
outpatient hypertension clinic. Only newly-diagnosed
patients with sustained hypertension were included in the
study, while those with normotension, white-coat, or
masked hypertension were excluded. In addition, patients
reporting excessive alcohol consumption (i.e., >30 g per day
in men and >20 g per day in women) or with a history of
cardiovascular disease, secondary hypertension, grade 3
hypertension, treatment with fibrates, or with any other
clinically significant concurrent medical condition (thyr-
oidal, psychiatric, neuromuscular, kidney, respiratory,
hepatic, or gastrointestinal disease) were also excluded.
Baseline information on medical history was recorded,
including cardiovascular risk factors, and clinic and 24-hour
ambulatory BP measurements and routine biochemical tests
were performed. The annual follow-up visits recorded clinic
BP measurements and the follow-up antihypertensive drug
treatment. In patients with clinic BP at the intended goal,
drug treatment was continued unchanged, whereas it was
intensified in those with clinic BP > 140/90 mmHg. Treat-
ment was also changed in case of drug-related adverse
effects. Lifestyle interventions were also prescribed on an
individual basis, while treatment of additional cardiovascular
risk factors was undertaken. Patients with cardiovascular or
renal outcomes were identified to terminate their study
participation. The hospital ethics committee approved the
study protocol, and all participants signed informed consent.

BP measurements

At baseline, clinic BP was measured at 3 separate visits with
1-week intervals between them [9]. At each visit, participants

were encouraged to relax for at least 5 min, and subsequently,
in a quiet room with a comfortable temperature, an experi-
enced physician, after having explained the procedure to the
participants, performed a sitting position three measurements
at 1-minute intervals without talking during and between
measurements, by a validated upper-arm cuff electronic
devices Omron 705IT (Omron Healthcare Europe, Hoofd-
dorp, The Netherlands) with a suitable bladder size. The
average BP and heart rate of the last 2 recordings were used.

We recorded clinic BP values in the annual follow-up visits
for each patient. The attained follow-up BP was computed and
reflected the average systolic or diastolic BP weighted to the
elapsed time between visits for all participants. The difference
in systolic and diastolic BP between baseline and attained BP
during follow-up was also registered for each patient. BP
control was considered optimal when clinic BP was less than
140/90 mmHg in 75% or more of the visits.

At baseline, ambulatory BP was recorded for 24 h using
validated automated monitors SpaceLabs 90207 over a
routine working day (Monday through Friday) and after
completing the baseline clinic BP measurements. The cuff
with the appropriate bladder size was fixed to the non-
dominant arm. The device was set to obtain automatic heart
rate and BP readings at 15-minute intervals during the
daytime and at 30-minute intervals during the nighttime.
Daytime and nighttime were defined using narrow fixed-
clock time intervals (from 0600 to 2200 h and from 2200 to
0600 h, respectively). Twenty-four-hour systolic/diastolic
BP and heart rate values were the mean of the overall 24-h
recordings after artifact editing. More than 70% of suc-
cessful readings were required to accept a 24-h ambulatory
BP recording for analysis. The percentage reduction of
daytime vs. night-time systolic BP and/or diastolic BP
reflected the magnitude of the respective dipping effect [10].

White-coat hypertension was defined as mean clinic
BP>140/90 mmHg associated with 24-h BP <130/
80 mmHg. Masked hypertension as mean clinic BP < 140/
90 mmHg with 24-h BP > 130/80 mmHg, normotension as
mean clinic BP <140/90 mmHg with a 24-h BP < 130/
80 mmHg; and sustained hypertension as clinic BP > 140/
90 mmHg associated with 24-h BP > 130/80 mmHg [9].

Biochemical examinations and risk factor profile
assessment

All subjects underwent standard clinical and laboratory
workups recommended for the initial evaluation of sub-
jects with hypertension and to exclude secondary forms of
hypertension in case of clinical suspicion [9]. Fasting
venous blood was sampled in all patients for routine
estimation of glucose, renal function, lipid profile, and
gamma glutamyl-transferase (GGT). Glomerular filtration
rate (eGFR) was calculated with the Modification Diet
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Renal Disease (MDRD) equation [11]. Anthropometric
measurements were obtained on individuals in light
clothing without shoes. We calculated body mass index
(BMI) as the body weight/height (kg/m?) and waist-to-hip
ratio from the respective circumference measures.
FLI was determined according to the following formula:
e¥/(1 4+ e¥) x 100; where y==0.953 x log(triglycerides,
mg/dL) + 0.139 x BMIL kg/m* + 0.718 x log(GGT, U/L) +
0.053 x waist circumference, cm—15.745. FLI value 60 or
above indicates a high likelihood of underlying NAFLD (i.e.,
high-risk of NAFLD FLI-related pattern) [7]. Current smo-
kers were defined as those who smoked at least one cigarette
or other forms of tobacco daily. Diabetes mellitus was
defined as fasting glucose concentration >125 mg/dl on at
least two occasions, a diagnostic oral glucose tolerance test,
or the use of antidiabetic drugs. Dyslipidemia was defined as
low-density lipoprotein cholesterol >160 mg/dl or treatment
with lipid-lowering drugs. Metabolic syndrome was defined
according to the National Cholesterol Education Program
(NCEP) Adult Treatment Panel III (ATP III) criteria [12].
The 10-year risk for CV disease was calculated with the
atherosclerotic CV disease risk algorithm [13].

Outcome definitions

The primary outcome of interest was the composite of major
fatal or non-fatal cardiovascular and renal events. More
specifically, the outcome was composed of (1) coronary
heart disease defined as fatal or non-fatal myocardial
infarction, hospitalized unstable angina, significant cor-
onary artery stenosis diagnosed by angiography or any
coronary revascularization procedure; (2) stroke defined as
rapid onset of a new neurological deficit persisting at least
24-h unless death supervened confirmed by computed
tomography and/or magnetic resonance angiography and/or
cerebrovascular angiography findings; (3) heart failure
requiring hospitalization; (4) end-stage renal disease, dia-
lysis or renal death; (5) peripheral artery disease requiring
revascularization. Transient ischemic attacks and undefined
cardiac events such as stable angina or undiagnosed myo-
cardial infarction were not considered among the outcomes.
Verified cardiac events alone were subsequently analyzed.
A panel of physicians reviewed the hospital records and all
other available medical source documents for outcome
verification. In dementia or disabling disease cases, infor-
mation was provided by first-degree relatives. Only the first
event was considered in the analysis for patients who
experienced more than one non-fatal outcome event.

Statistical analysis

All categorical variables are presented as absolute fre-
quencies and percentages, whereas continuous variables are

SPRINGER NATURE

shown as means values with standard deviations. Significant
differences between study subgroups were identified using
Student’s independent samples t-test or the chi-squared test
where appropriate. We imputed the z-scores of FLI to
evaluate the predictive value of the standardized measure in
comparison with other categorical variables. Cox propor-
tional hazard analysis was used to examine the effect of FLI
as a continuous or categorical variable on the cumulative
outcome incidence before and after adjustment for con-
founders. We ran different crude models, and subsequently,
a stepwise inclusion of different baseline and follow-up
confounders was used to adjust estimates. Of note that BMI,
waist circumference, triglyceride, and GGT levels were not
included in the models because they were components of
the FLI. The effects from Cox regression models were
calculated as hazard ratios (HR) and 95% confidence
intervals (CIs). A P value less than 0.05 indicates statistical
significance for all binary comparisons in each analysis. In
addition, subgroup analyses were made to evaluate whether
FLI was differentially associated with the outcome in the
presence or not (1) of diabetes mellitus, (2) metabolic
syndrome, and (3) baseline drug treatment of diabetes
mellitus or dyslipidemia by accounting for the chi-distances
of the mean outcome estimates and the Wald statistic. IBM
SPSS Statistics for Windows, Version 23.0 (IBM Corp.,
Armonk, New York, USA) was used for all analyses.

Results
Entire cohort

We initially evaluated 1617 consecutive never-treated white
individuals. We excluded 120 patients with white-coat
hypertension, 75 patients with masked hypertension, and
122 participants with normotensive or high-normal BP
levels. We also excluded patients with a history of cardio-
vascular disease (n = 80), secondary hypertension (n = 32),
grade 3 hypertension (n =95), those with a history of sig-
nificant alcohol consumption (n = 30), baseline treatment
with a fibrate (n = 28), and any other clinically significant
concurrent medical condition (thyroidal, psychiatric, neu-
romuscular, kidney, respiratory, hepatic, or gastrointestinal
disease [n =33]). Furthermore, 39 individuals, although
eligible to participate, refused to give informed consent, and
60 individuals were censored due to follow-up incomplete
data. After the implementation of the above during the
recruitment period, the population eligible to participate
consisted of 903 individuals.

Participants (age 52.7 + 11.6 years; males 55%; dyslipi-
demia 44%; diabetes mellitus 10%; smokers 33%; BMI
28.2 +4.1 kg/m*) were prospectively evaluated for a mean
follow-up period of 5.2 + 3.2 years. Baseline clinic systolic/
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diastolic BP was 149.8 + 15/95.5 + 10.1 mmHg, and 24-h
ambulatory BP was 135.4+12.2/84.2+9.5 mmHg. The
average 10-year risk of incident cardiovascular disease for
the entire cohort was 5.7%. All patients received anti-
hypertensive treatment (mean number of drugs, 1.9 +1.1),
and the achieved clinic systolic/diastolic BP during the
follow-up period was 135.8 +12.5/83.9 + 9.2 mmHg. Con-
sequently, the average treatment-induced clinic systolic/
diastolic BP reduction (i.e., the achieved BP difference
between groups during follow-up) was 14+17.8/
11.6 +11.3 mmHg. The mean number of follow-up visits
with registered BP measurements was 5+ 3.1 per patient.
BP control was optimal in 40% of the participants.

Higher vs. lower FLI-related risk subgroups

A high-risk FLI pattern (FLI > 60) was observed in 30.7%
(n =278) of the participants. The demographic and clinical
characteristics of the two FLI-related groups are presented
in Table 1. Patients with FLI>60 compared to those with
FLI< 60 were younger, more frequently men, had greater
body adiposity measures and plasma glucose levels.
Although clinic systolic BP was not different between
groups, clinic diastolic BP was higher in the high-risk FLI
group. The high-risk FLI group had higher 24-h systolic but
lower diastolic BP levels than their counterparts with
FLI<60. The average treatment-induced clinic systolic/
diastolic BP reduction from baseline was not different
between subgroups. In contrast, the attained systolic/dia-
stolic BP difference during follow-up was 1.3/2.4 mmHg
greater in the lower than, the higher-risk FLI subgroup.
Patients with FLI < 60 had more frequent optimal BP con-
trol than their counterparts with FLI> 60 during follow-up
(43% vs. 33%, p=0.02).

Prognosis of higher vs. lower risk FLI patterns

The incidence of the composite outcome in the total
population was 8.5% (n = 77), while the fatality rate among
composite outcome cases was 22% (n = 17). Coronary heart
disease events were 60% (n=46; 23 myocardial infarc-
tions, 16 percutaneous coronary interventions, and 7 cases
of coronary artery bypass), while strokes were 40%
(n=31). No cases of end-stage renal disease occurred. The
rate of outcome incidence was 8-fold greater in patients
with high-risk FLI compared to their lower-risk counter-
parts (60/278 vs. 17/625, respectively). The predictive value
of FLI before and after adjustment for confounders is pre-
sented in Table 2 and Supplementary Table 1. For a stan-
dardized increase of FLI (SD =25.5 units), the outcome
was also increased by 3.7-fold (95% CI, 2.2-6.0) after full
adjustment for baseline and on-treatment variables. In
addition, the high-risk compared to the lower-risk FLI

pattern predicted the outcome incidence (Table 2, Fig. 1)
significantly before and after adjustment for the same con-
founders. Although FLI predicted the outcome to a greater
extent in patients with than without diabetes mellitus, a
differential outcome prediction was not observed between
patients with or without (1) metabolic syndrome and (2)
baseline statins or antidiabetic drugs (Table 3).

Discussion

In newly diagnosed hypertensive patients without a history
of cardiovascular disease, FLI was associated with an
increased risk of cardiovascular events after adjustment for
baseline and follow-up clinical characteristics. The FLI
high-risk pattern (FLI>60 units) for underlying NAFLD
was associated with a 7.5-fold higher outcome rate than the
lower-risk FLI pattern. However, even within the low-risk
FLI pattern of NAFLD (FLI<60 units), there was a 5%
greater risk of incident cardiovascular events for each unit
increase of FLI. Our findings may refine the cardiovascular
risk stratification of newly-diagnosed hypertensive patients.

Although the definite diagnosis of NAFLD requires the
implementation of alternative imaging techniques, including
liver ultrasounds [6, 8], the imputation of a surrogate marker
of NAFLD, namely FLI [7], may help clinicians visiting
patients with cardiovascular risk factors like hypertension to
increase the clinical suspicion of underlying NAFLD. Dif-
ferent studies have suggested that NAFLD is associated
with a higher risk of incident cardiovascular events [8].
However, these studies were performed independently of
hypertension or included hypertensive patients with and
without drug treatment. Our study is the first to predict the
effect of the high-risk FLI pattern on cardiovascular events
in newly-diagnosed hypertension without baseline anti-
hypertensive drug treatment. Newly-diagnosed patients are
usually characterized by low to moderate cardiovascular
risk; however, to avoid bias related to the different levels of
baseline cardiovascular risk, we focused our investigation
on patients without a history of cardiovascular events.
Furthermore, since antihypertensive drugs may slow the
progression of atherosclerosis, patients without drug expo-
sure were eligible to participate [14, 15]. Finally, an
important and unique aspect of our study was that patients
were scheduled to adhere to follow-up visits every year in
which a valid BP measurement was available, while the
average follow-up BP was computed and weighted by the
time interval between the follow-up visits. Thus, we
adjusted our risk estimates according to baseline and on-
treatment clinical characteristics, including the optimal BP
control rate during follow-up.

The imputed 10-year risk of fatal and nonfatal cardio-
vascular events [13] in our cohort was 16.3%, but this risk
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Table 1 Baseline and follow-up

demographic and clinical Variable Total, n =903 FLI>60, n=278 FLI<60, n=625 P-value

characteristi.cs of the enti.re Baseline data

cohort and individuals with FLI

of 60 or higher compared to Age, years 527114 51.8+11.0 53.1+11.5 0.13

individuals with FLI less than 60 Men, n (%) 500 (55) 186 (67) 312 (50) <0.001
BMI, Kg/m® 28.2+4.1 31.8+3.8 26.6+3.2 <0.001
Smokers, n (%) 297 (33) 111 (40) 188 (30) 0.006
Waist, cm 96.1+12.4 106.8 +9.8 91.3+10.2 <0.001
Plasma Glucose, mg/dl 98.9+19.4 102.7 +26.6 97.2+149 0.001
LDL-C, mg/dl 141.5+35.8 142.8 +32.3 140.9+37.2 0.46
TG, mg/dl 119.6 £66.3 150.7 £ 87.4 105.4+47.9 <0.001
eGFR, ml/min/1.73m?> 84.1£183 84.4+19.6 84.0+17.7 0.77
GGT, units/Il 24.7+17.7 203x11.5 33.3+£23.6 <0.001
FLI, units 459+25.5 77.9+£10.8 31.7+15.1 <0.001
Office SBP, mmHg 149.8 £15.2 150.4+15.8 149.5+14.9 0.42
Office DBP, mmHg 95.5+10.1 96.9+9.5 94.8 £10.3 0.005
Office HR, bpm 7311 74+12 72+11 0.62
24h SBP, mmHg 135.4+12.2 137.7+13.1 1343+11.7 0.001
24 h DBP, mmHg 84.2+9.5 85.2+10.0 83.8+9.3 0.06
Daytime SBP, mmHg 141.6 £12.7 1434+ 13.5 140.7+12.2 0.009
Daytime DBP, mmHg 88.7+£10.0 89.2+10.3 88.4+£9.9 0.32
Nighttime SBP, mmHg 121.1+13.8 1247+ 143 119.4+13.2 <0.001
Nighttime DBP, mmHg 73.7+9.9 75.3+10.2 73.0+9.7 0.005
Dyslipidemia, n (%) 393 (44) 117 (42) 275 (44) 0.61
DM, n (%) 90 (10) 36 (13) 56 (9) 0.10
Metabolic syndrome, n (%) 299 (33) 140 (50) 159 (25) <0.001
Statins* and/or antidiabetic drugs, 185 (20) 56 (20) 129 (20) 0.93
n (%)

Follow-up data

Number of visits 5+3.1 49+3.1 5.1x£3.1 0.55
Office SBP, mmHg 135.8+12.5 136.7+12.4 135.4+12.5 0.15
Office DBP, mmHg 83.9+£9.2 85.7+£8.7 83.1£9.3 <0.001
Office SBP difference, mmHg 14+17.7 13.7+18.8 14.1+£17.2 0.18
Office DBP difference, mmHg 11.6£11.3 11.2+£11.0 11.7+11.1 0.25
Optimal BP control, n (%) 361 (40) 92 (33) 269 (43) 0.02
RAS blockers, n (%) 813 (90) 250 (90) 563 (90) 0.99
Statins, n (%) 496 (55) 158 (57) 338 (54) 0.57

BMI body mass index, BP blood pressure, bpm beats per minute, DBP diastolic blood pressure, DM diabetes
mellitus, eGFR estimated glomerular filtration rate, FLI fatty liver index, GGT Gamma-Glutamyl
Transferase, HR heart rate, LDL-C low-density lipoprotein cholesterol, n number, RAS renin-angiotensin
system, SBP systolic blood pressure, 7G triglycerides. P-value indicates the comparison between subjects
with FLI of 60 and subjects with FLI less than 60. *among patients under statins at baseline, 10% also

received ezetimibe

was 8-fold lower in patients at low risk than those at high
risk of NAFLD. The relative risk of incident cardiovascular
events between the two groups was slightly reduced to 7.5
after adjustment for baseline and on-treatment clinical
characteristics. However, FLI used as a continuous variable
was linearly associated with the outcome, while for every
25 units of FLI increment (one standard deviation), a 3.7-
fold increase in the outcome was observed. We also
examined whether an FLI increase in patients with diabetes

SPRINGER NATURE

mellitus or metabolic syndrome was associated with a
greater risk of cardiovascular events than in patients without
diabetes mellitus or metabolic syndrome.

We also stratified our results to patients with diabetes
mellitus or metabolic syndrome, conditions both char-
acterized by a higher level of cardiovascular risk within the
primary prevention setting [9]. Our finding that in patients
with diabetes mellitus, for one unit of FLI increase, the rate
of events was more than 3-fold greater compared to patients
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Table 2 Cox regression analysis
to assess the predictive value of
FLI and FLI-related risk
subgroups before and after
adjustment for confounders

Fig. 1 Cox proportional hazard
regression curves of the
composite outcome in patients
with high-risk and low-risk FLI
patterns after adjustment for
confounders. The comparison of
the survival curves shows
significant differences among
groups (log-rank p <0.001). FLI
fatty liver index

Table 3 Subgroup analyses for
the effect of FLI as a continuous
variable on outcome incidence
in patients with or without
baseline exposure to diabetes
mellitus/metabolic syndrome/
statins or antidiabetic drugs after
adjustment for baseline and
follow-up variables*

Predictor variable Univariate model Multivariate model A* Multivariate model B*

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
FLI, units 1.04 (1.03-1.05) <0.001 1.05 (1.03-1.06) <0.001 1.05 (1.03-1.07) <0.001
FLI z-score 2.94 (2.26-2.83) <0.001 3.40 (2.30-5.02) <0.001 3.66 (2.22-6.04) <0.001
(1SD)
FLI high- 7.59 (4.42-13.02) <0.001 8.21 (4.01-16.82) <0.001 7.50 (3.12-18.04) <0.001
risk group

CI confidence interval, FLI fatty liver index, HR hazard ratio, SD standard deviation *model A, adjustment
only for relevant baseline variables (age, male sex, smoking, diabetes mellitus, dyslipidemia, plasma glucose,
low-density lipoprotein cholesterol, estimated glomerular filtration rate, systolic/diastolic clinic and
ambulatory blood pressure, clinic heart rate); model B, all model A variables plus follow-up variables:
systolic/diastolic blood pressure difference, optimal blood pressure control and the number of visits. Detailed
multivariable models are reported in Supplementary Table 1

05
high-risk FLI pattern
0.4

03

0.2

0.1 low-risk FLI pattern

i

Cumulative Hazard of outcome incidence

-
e e e e

0.0

0 2 4 6 8

Follow-up time, years

Predictor variable =~ Without baseline exposure ~ With baseline exposure Interaction analysis

HR (95% CI) P-value HR (95% CI) P-value  P-value for interaction
DIABETES MELLITUS
FLI, units 1.06 (1.04-1.09) <0.001  3.70 (1.19-11.49) 0.024 <0.001
METABOLIC SYNDROME
FLI, units 1.10 (1.05-1.16)  <0.001 1.04 (1.01-1.06) 0.003 0.89
WITHOUT BASELINE STATINS OR ANTIDIABETIC DRUGS
FLI, units 1.06 (1.04-1.09)  <0.001 1.05 (1.02-1.09) 0.005 0.94

CI confidence interval, FLI fatty liver index, HR hazard ratio. *, adjustment was made for relevant baseline
(age, male sex, smoking, diabetes mellitus, dyslipidemia, plasma glucose, low-density lipoprotein
cholesterol, estimated glomerular filtration rate, systolic/diastolic clinic, and ambulatory blood pressure,
clinic heart rate) and follow-up variables (systolic/diastolic blood pressure difference, optimal blood pressure
control and the number of visits)

without diabetes mellitus might be driven by insulin resis-
tance of the visceral adipose tissue. Especially in diabetes
mellitus within adipocytes, insulin-inhibited lipase is rather
dysfunctional, resulting in increased levels of free fatty

acids that may increase very-low-density lipoprotein cho-
lesterol levels contributing to the progression of athero-
sclerosis [16, 17]. By contrast, in our study, the presence or
not of metabolic syndrome was not associated with a
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differential propensity of FLI to predict cardiovascular
outcomes, at least partly because the features of metabolic
syndrome and NAFLD are highly interrelated [18]. In
addition, patients with or without baseline exposure to
medications for lifestyle-related diseases (i.e., hypertension,
diabetes mellitus, and dyslipidemia) yielded no different
prediction of FLI on the outcome.

We have previously demonstrated in a cohort of newly
diagnosed hypertensive patients without diabetes mellitus
that those patients at high risk of NAFLD compared with
their lower risk counterparts had a 2.3 times higher like-
lihood of hypertension-mediated organ damage. FLI was
linearly related to the presence of any subclinical damage at
the heart level (i.e., increased left ventricular mass), the
kidney (i.e., increased urinary albumin excretion), or
microcirculation (i.e., capillary rarefaction), and large
arteries (by means of aortic stiffness) [19]. The activation of
the renin-angiotensin system, along with the hepatic release
of pro-inflammatory mediators, may jointly mediate a det-
rimental effect on the myocardium, including left ven-
tricular hypertrophy [3]. The deficiency of angiotensin
(1-7)/Mas axis components observed in different insulin
resistance states, including NAFLD, may downregulate the
antifibrotic or antiproliferative effects and promote cardiac
hypertrophy [20, 21]. The mechanisms mentioned above
may also promote vascular deterioration in different
domains, including the kidney and the heart.

The synergistic or additive effect of NAFLD and
hypertension should be evaluated in future prospective
studies with different arms: (1) NAFLD (or high-risk FLI
pattern alone), (2) hypertension alone, (3) NAFLD (or high-
risk FLI pattern) and hypertension, and (4) no NAFLD (or
low-risk FLI pattern) and normal BP levels. Moreover,
another setting for future investigation might be the recur-
rent cardiovascular events in optimally treated secondary
prevention hypertensive patients with or without NAFLD
(or an FLI-related high vs. lower-risk pattern). Finally,
future studies may consider standardized interventions for
NAFLD like (1) lifestyle/dietary modification, (2) exercise
programs, or (3) potential pharmacological treatment by
different antidiabetic drug classes, to be combined with
established risk factor treatment strategies against hyper-
tension, dyslipidemia, or diabetes mellitus [6].

We acknowledge the following limitations of our
investigation. First, our results cannot be generalized to
other races or ethnic groups because we used only white
individuals. Although we performed ambulatory BP mea-
surements to exclude white-coat and masked hypertension
at baseline, follow-up ambulatory BP was not available to
refine BP control estimates. The study population was of
low/moderate baseline CV risk; additional risk factors were
adequately treated, and thus, the findings cannot be exten-
ded or reproduced to higher-risk populations. Despite the
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low rate of patients who were lost during follow-up,
including those with incomplete data (almost 3.7%), these
patients were not calculated in our analysis. Since no
registered data about menopausal status were available, the
confounding effect of menopause on outcome incidence
remains unknown. Although we did not follow a pre-
specified protocol for treating hypertension, we aimed to
reduce BP levels below the target recommended by current
guidelines according to the physicians’ discretion. A cause-
effect relationship between the high-risk FLI pattern and
cardiovascular events cannot be claimed in our study
because of (1) potential unmeasured confounding, (2) the
unknown duration of increased FLI levels in different
individuals, and (3) the effects of antihypertensive drug
treatment on the outcome during follow-up. Although we
acknowledge that FLI has a suboptimal accuracy in diag-
nosing NAFLD compared to standard imaging techniques,
when tested as a continuous measure was also able to pre-
dict the outcome.

Conclusion

High-risk compared to the lower-risk FLI pattern and FLI
were independently associated with future cardiovascular
events in newly-diagnosed never-treated hypertensive
patients. This finding may refine cardiovascular risk strati-
fication in the primary prevention of hypertensive patients.
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