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Abstract

Background and Aims: Conflicting evidence exists on cardiovascular dis-
ease (CVD) risk in patients with NAFLD, and data are lacking on whether
NAFLD increases mortality after a CVD event. Moreover, life expectancy in
NAFLD has not been studied. We therefore examined CVD risk and life ex-
pectancy in patients with NAFLD compared with the general population.
Approach and Results: In this nationwide population-based cohort, all pa-
tients with NAFLD diagnosis and without baseline CVD (ascertaining from
the Swedish National Patient Register from 1987 to 2016, n = 10,023) were
matched 10:1 on age, sex, and municipality to individuals from the general
population (controls, n = 96,313). CVD diagnosis and mortality were derived
from national registers. Multistate models and flexible parametric survival
models were used to estimate adjusted hazard ratios (aHRs) for CVD risk and
loss in life expectancy due to NAFLD. We identified 1037 (10.3%) CVD events
in patients with NAFLD and 4041 (4.2%) in controls. CVD risk was 2.6-fold
higher in NAFLD compared with controls (aHR = 2.61, 95% CIl = 2.36—2.88)
and was strongest for nonfatal CVD (aHR = 3.71, 95% CI| = 3.29-4.17). After
a nonfatal CVD event, the risk for all-cause mortality was similar between
patients with NAFLD and controls (@aHR = 0.89, 95% CI = 0.64—1.25). Life
expectancy in patients with NAFLD was, on average, 2.8 years lower than
controls, with the highest loss of life-years when NAFLD was diagnosed in
middle age (40-60 years).

Conclusions: NAFLD was associated with a higher risk of nonfatal CVD but
did not affect post-CVD mortality risk. Patients diagnosed with NAFLD have
a lower life expectancy than the general population.

Abbreviations: aHR, adjusted HR; CDR, Causes of Death Register; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; ICD,
International Classification of Diseases; LEL, loss in expectancy of life; NPR, National Patient Register; PY, person-year; T2DM, type 2 diabetes mellitus.
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CVD RISK AND LIFE EXPECTANCY IN NAFLD

INTRODUCTION

NAFLD is the most common chronic liver disease with
a global prevalence of 25% in the adult population, af-
fecting approximately 55% of individuals with type 2 di-
abetes mellitus (T2DM).!"? NAFLD is commonly seen
as the hepatic manifestation of metabolic syndrome,
encompassing well-established cardiovascular dis-
ease (CVD) risk factors.®*! The accumulation of liver
fat is proportional to the severity of the metabolic syn-
drome,™ and the presence of both NAFLD and T2DM
aggravates CVD risk compared with having T2DM
alone.®! Whether a higher risk of CVD in NAFLD is due
to a shared dysmetabolic milieu or whether NAFLD in-
dependently confers an additional risk of CVD remains
unclear.

A comprehensive meta-analysis consisting of
34,043 individuals with NAFLD followed over a me-
dian of 6.9 years showed that NAFLD conferred a
64% higher risk of CVD after adjusting for cardio-
vascular risk factors.”! In contrast, this finding has
recently been questioned in a large observational
study of 18 million European adults, in whom no as-
sociation between NAFLD and CVD events was seen
in a primary care setting.[8] In addition, results vary
in fatal and nonfatal CVD,® in which a higher risk
of CVD mortality in NAFLD was confirmed in some
studies® '@ but not in others."*'¥ These conflicting
results can be attributed to several factors, includ-
ing heterogeneity in study populations, prevalence of
cardiometabolic risk factors, diagnostic modality of
NAFLD, and duration of the follow-up. The effect size
of the association appears to depend on liver dis-
ease severity, with some studies suggesting that the
positive association may be limited to patients with
advanced fibrosis.>'! Moreover, as the prognostic
role of NAFLD may not be the same after the devel-
opment of CVD, it is unclear whether NAFLD leads
to an increased mortality risk for those who survive
a CVD event.

The mean onset age for the first diagnosis of
NAFLD is about 50 years,[15] with an increasing prev-
alence in a younger population.m Because patients
diagnosed at a younger age may have a more dismal
clinical profile and long-term prognosis compared
with older patients, the loss in life expectancy due
to NAFLD may be more evident in younger patients.
However, such loss has not been determined across
the lifespan.

Therefore, this study aimed to (1) assess the asso-
ciation between NAFLD and CVD outcomes compared
with the general population and establish whether the
association differs in fatal and nonfatal CVD; (2) exam-
ine whether cirrhosis could amplify the risk of CVD; and
(3) evaluate life expectancy of patients with NAFLD rel-
ative to the general population.

METHODS
Study population

We conducted a cohort study using retrospective data
of all patients diagnosed with NAFLD from January
1, 1987, to December 31, 2016, through the Swedish
National Patient Register (NPR). The NPR contains
data from inpatient care with national coverage from
1987. Since 2001, the NPR also includes visits in spe-
cialized outpatient care from private and public car-
egivers. The validity of the NPR is high, with positive
predictive values ranging from 85% to 95%.1'°""1 we
used International Classification of Diseases (ICD)
codes to define the presence of NAFLD (571.8 in ICD-
9; K75.8 and K76.0 in ICD-10) and cirrhosis (see Table
S1 for the definition of cirrhosis). The date of the first
NAFLD diagnosis was defined as the index date, and
age at diagnosis was obtained for all patients.

We excluded individuals <18 years old, those with
recorded CVD on or before the index date, and those
with any diagnosis of liver disease other than NAFLD
on or before the index date (see Table S1 for the defini-
tions of CVD and other liver diseases). For each patient
with NAFLD, up to 10 individuals from the general pop-
ulation (controls) were randomly selected from the Total
Population Register”gl and were matched to a patient with
NAFLD on age, sex, and municipality. Individuals were
excluded if they developed CVD outcomes or died within
6 months from the index date. We also excluded controls
with a diagnosis of NAFLD before baseline. Otherwise,
inclusion and exclusion criteria were identical between
the two study groups. Figure 1 shows a flowchart of par-
ticipant inclusion and exclusion criteria. Patients and con-
trols who obtained a diagnosis of any liver disease other
than NAFLD during follow-up were censored at that time
in accordance with recent expert consensus guidance.”gl

Outcomes

We used the NPR and Causes of Death Register
(CDR) to identify outcomes. Vital status was defined
through the CDR, which contains information on the
date of death and underlying causes of death for all
deceased inhabitants in Sweden, even if the death oc-
curred abroad.?® CVD was defined as the first acute
ischemic heart disease event (410—413 in ICD-9; 120—
124 in ICD-10) or hemorrhagic or ischemic stroke (431
and 433 in ICD-9; 161, 161, 163, and 164 in ICD-10) in the
NPR and CDR. We further categorized CVD into non-
fatal and fatal events. Nonfatal CVD was defined as the
first record of CVD without mortality; fatal CVD was de-
fined as CVD mortality regardless of whether a patient
had previously experienced a nonfatal CVD event. This
definition means that patients could have both nonfatal
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NAFLD diagnosed from the
NPR from January 1, 1987 to
December 31, 2016

n=13,327

Up to 1:10 Matched controls with no
matching on recorded history of NAFLD on or
age, sexand prior to the matching date
municipality n=132,941

Exclusion criteria

1615 CVD at baseline
416 Age <18 years

Other liver diseases at
baseline:

28  AAT deficiency

501 Alcoholic liver disease
45  Autoimmune disease
98 Liver failure

1 Budd-Chiari syndrome
190 Haemochromatosis

48 PBC
88 PSC
2 Wilson’s disease

227 Viral hepatitis

45  Developed outcomes
or died within 6 months after
the index date

A

Exclusion criteria

3359 CVD at baseline
4420 Age <18 years

Other liver diseases at baseline:
0 AAT deficiency

44 Alcoholic liver disease

0 Autoimmune disease

0 Liver failure

0 Budd-Chiari syndrome
0 Haemochromatosis

8

PBC
27 PSC
0 Wilson’s disease

39 Viral hepatitis

326  Developed outcomes or
died within 6 months after the
matching date

28,405 No matched individuals

N=10,023

N=96,313

FIGURE 1 Flowchart of the study population. CVD, cardiovascular disease; NPR, National Patient Register; PBC, primary biliary
cirrhosis; PSC, primary sclerosing cholangitis

and fatal CVD events in that they could survive a non- comorbidities (T2DM diagnosis, dyslipidemia, obesity,
fatal CVD first and die from CVD afterward.

and hypertension) recorded on or before the index date
were collected from the NPR. In addition, chronic ob-
structive pulmonary disease (COPD), as a surrogate

Covariates for smoking status, was defined as patients aged 245
years and with a COPD recorded on or before the index
Demographic parameters were age, sex, and munici- date from the NPR. The ICD codes used to define these

pality at the index date. Data on relevant metabolic comorbidities are given in Table S1.
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Statistical analysis

At baseline, demographic and clinical parameters
were compared using the chi-square tests for cat-
egorical variables and Mann Whitney U tests for
continuous variables. Patients and controls were fol-
lowed from the index date to the date of CVD diagno-
sis of interest, emigration, death, or end of follow-up
(December 31, 2016), whichever came first. For all
outcomes, we calculated incidence rates (IRs) per
1000 person-years (PYs). Stratified Cox proportional
hazard models were used to estimate HRs and 95%
Cls for incident fatal and nonfatal CVD events, using
follow-up time in years as the underlying timescale.
Two models were considered: Model 1 was condi-
tioned on the matching variables only (i.e., age, sex,
municipality), while model 2 additionally adjusted for
the baseline presence of relevant metabolic comorbid-
ities (T2DM, obesity, dyslipidemia, and hypertension)
and COPD. The proportional hazards assumption
was tested using Schoenfeld residuals. Violations of
proportionality were observed for hypertension; the
model was therefore modified to stratify by hyper-
tension. In the NAFLD-only cohort, Cox regression
models were repeated to calculate HRs for the as-
sociation between cirrhosis and CVD outcomes. We
first treated prevalent cirrhosis as exposure, and in
a separate analysis, cirrhosis (both prevalent and in-
cident) was regarded as a time-varying variable. In
sensitivity analyses, we calculated E-values to evalu-
ate the robustness of the results to the potential un-
measured confounding.[zﬂ Briefly, this estimates the
minimum strength of association that an unmeasured
confounder would need to have with both the expo-
sure and the outcome to fully explain away the found
association. A large E-value implies that considerable
unmeasured confounding would be needed to negate
an effect estimate.

We then applied cumulative incidence functions to
compute the cumulative incidences of all CVDs (nonfa-
tal and fatal) by NAFLD and controls nonparametrically
(by integrating the product of the overall survival func-
tion and the cause-specific hazard) in the presence of
competing risk of non-CVD death.?? The analysis was
repeated by cirrhosis status at baseline in the NAFLD
cohort.

To investigate the impact of NAFLD on the clinical
course of CVD, we constructed a multistate model using
transition pathways to assess multiple outcomes.[?2%
All individuals started in an initial CVD-free state, from
which they could transit to (1) incident nonfatal CVD or
(2) all-cause death (competing event). The transition
from incident CVD to death was also possible. The
multistate model allows simultaneous and transition-
specific estimation of the risk of NAFLD on (1) incident
nonfatal CVD, (2) overall mortality in those without
a CVD event, and (3) overall mortality in those with

a nonfatal CVD. Adjusted HR (aHR) and 95% Cls of
NAFLD on each transition were estimated from sep-
arate Cox regression models conditional on matching
variables (age, sex, and municipality) and adjusting for
a set of confounders.

In addition, we calculated loss in expectancy
of life (LEL), defined as the difference between
life expectancy in NAFLD and that in the general
population. We only used patients diagnosed from
2001 and onward for this analysis, given that the
NPR started to cover outpatient services in 2001.1"6]
Because we expected hospitalized patients to have
a worse prognosis, we also performed a sensitivity
analysis to examine life expectancy in patients with
NAFLD diagnosed separately during inpatient and
outpatient care. Because not all patients can be fol-
lowed until death, extrapolation of survival function
beyond available data is commonly used to estimate
life expectancy.””! We used flexible parametric
models adapted for relative survival (with 4 degrees
of freedom for the baseline rate and 3 degrees for
the time-dependent effect) to estimate LEL. For de-
grees of freedom selection, the Akaike information
criteria were used.[2%:26] Expected survival rates
of the Swedish population were retrieved from the
Human Mortality Database project matched to the
patients with NAFLD on age, sex, and calendar year
at diagnosis.ml Therefore, for this comparison, we
did not use the matched controls. LEL can be es-
timated as the difference in the mean observed
survival time in patients with NAFLD and the mean
expected survival in the general population, assum-
ing that the life expectancy in the general population
is what the NAFLD cohort would have experienced
had they been NAFLD-free. Because the changes
in LEL by calendar year of diagnosis was not our
main interest, we calculated LEL by age groups and
sex without considering the impact of calendar year
on survival.

All reported p values were two-sided, and a p
value < 0.05 was considered statistically significant.
Statistical analyses were performed using Stata SE
16.0 (StataCorp LP, College Station, Texas, USA).

The study was approved by the Regional Ethics
Review Board in Stockholm (dnr 2017/1019-31/1).
Because this study included analyses of deidenti-
fied data, written consent from participants was not
required.

RESULTS

After exclusions, the cohort included 10,023 patients
with NAFLD and 96,313 matched controls (Figure 1).
Among all patients with NAFLD, 3728 (37.2%) had their
first diagnosis of NAFLD during inpatient care, and
6295 (62.8%) were diagnosed during outpatient visits.
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The median (interquartile range [IQR]) age at diag-
nosis was 54 years (22) in patients with NAFLD and
53 (23) in controls, with a slight male predominance
(52%). At baseline, patients with NAFLD were more
likely to have metabolic comorbidities (T2DM, dyslipi-
demia, obesity, hypertension) and COPD compared
with controls (p < 0.001 for all; Table 1). Of note, 8772
(87.5%) patients with NAFLD had their first diagnosis
since January 1, 2001. The median (IQR) follow-up
time for NAFLD patients was 5 (8) years and for con-
trols 6 (9) years.

Impact of NAFLD on CVD events

A total of 1037 (10.3%, IR = 16.5/1000 PYs) CVD
events were seen in patients with NAFLD and 4041
(4.2%, IR = 5.4/1000 PYs) in matched controls, trans-
lating to an aHR of 2.61 (95% CI = 2.36-2.88) of de-
veloping CVD. In patients with NAFLD, 843 (8.4%)
developed nonfatal CVD and 320 (3.2%) fatal CVD
events. In controls, 2204 (2.3%) developed nonfatal
CVD and 2192 (2.3%) fatal CVD events. Patients with
NAFLD had a higher risk of nonfatal CVD (aHR 3.71,
95% CI = 3.29-4.17), but no statistically significant
increase in risk was found for fatal CVD (aHR 1.20,
95% CIl = 0.98-1.42) (Table 2).

Cumulative incidences for CVD outcomes in-
creased steadily during the follow-up (Figure 2).
Patients with NAFLD, in comparison to matched con-
trols, had a higher cumulative incidence of all CVD
and nonfatal CVD events. For example, the 10-year
cumulative incidence of all CVD events was 13.1%
in patients with NAFLD and 4.6% in controls. The
corresponding results for nonfatal CVD events were
10.7% in NAFLD and 2.7% in controls. However, the
cumulative incidence of fatal CVD events was similar
over the follow-up period with a 10-year cumulative
incidence of 3.3% in patients with NAFLD and 2.3%
in controls (Figure 2A).

Impact of cirrhosis on CVD events

Patients with NAFLD and cirrhosis at baseline had
higher rates of all CVD events in the first model (HR
7.92, 95% CI = 4.71-13.3), although this estimate was
lower after adjustments for CVD risk factors (aHR
2.56, 95% CI = 1.31-5.01). A similar trend was found
for nonfatal and fatal events (Table 2). Similarly to all
patients with NAFLD, no increased risk of fatal CVD
was observed. In the NAFLD-only group we did not
note an increased CVD rate in patients with cirrhosis
at baseline (aHR 1.24, 95% CI = 0.85-1.82) (Table 2).
Comparable results were observed when cirrhosis was
modeled as a time-varying exposure (@aHR 0.92, 95%
Cl = 0.58-1.16). The cumulative incidences of CVD
outcomes were less differentiated between cirrhosis
and noncirrhosis at baseline (Figure 2B), primarily be-
cause of a high competing risk of non-CVD death in
patients with cirrhosis during follow-up (Figure S1).

Impact of NAFLD on mortality after a
CVD event

During follow-up, 3034 individuals developed inci-
dent nonfatal CVD (IR = 13.2/1000 PYs in patients
with NAFLD and 2.9/1000 PYs in controls), and 1208
died afterward (IR = 70.4/1000 in patients with NAFLD
and 77.4/1000 PYs in controls). The median survival
time from nonfatal CVD diagnosis was 10 years (9)
in patients with NAFLD and 12 years (9) in controls.
Meanwhile, 8984 individuals died without experienc-
ing any CVD event (IR = 21.5/1000 PYs in patients
with NAFLD and 10.2/1000 PYs in controls). Figure 3
describes the impact of NAFLD on nonfatal CVD and
death in a multistate model. Although a higher risk for
nonfatal CVD events was observed in NAFLD, we did
not observe an increase in mortality after such an event
in patients with NAFLD compared to controls (aHR
0.89, 95% CI = 0.64-1.25). The impact of NAFLD on

TABLE 1 Demographic and baseline clinical characteristics of NAFLD and age-matched, sex-matched, and municipality-matched
controls
Total population NAFLD cohort Matched controls
(n=106,336) (n=10,023) (n=96,313) p value
Age (years) 53 (23) 54 (22) 53 (23) <0.001
Sex (female) 50,828 (47.8) 4790 (47.8) 46,037 (47.8) 0.878
Follow-up (years) 6 (9) 5(8) 6 (9) <0.001
Cirrhosis 263 (0.25) 263 (2.62) 0 (0) —
Type 2 diabetes 1781 (1.7) 1654 (16.6) 127 (0.13) <0.001
Dyslipidemia 836 (0.79) 805 (8.0) 31(0.03) <0.001
Obesity 1095 (1.0) 1073 (10.7) 22 (0.02) <0.001
Hypertension 2638 (2.5) 2378 (23.8) 260 (0.27) <0.001
COPD 922 (0.87) 261 (2.6) 661 (0.69) <0.001

Note: Data are presented as number (%) or median (interquartile range).
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TABLE 2 Number of cases (%) and HRs for all CVD, nonfatal CVD, and fatal CVD. Group A refers to the comparison between patients with NAFLD and the reference cohort. Group B

refers to the comparison between patients with cirrhosis and patients without cirrhosis in the NAFLD cohort

Fatal CVD

Nonfatal CVD

All CVD

Cases®

(%)

aHR" (95% CI)

HR?® (95% CI)

aHR" (95% CI)

HR? (95% CI)

Cases® (%)

2204 (2.3)
843 (8.4)
21(8.0)

Cases (%) HR®(95% Cl) aHR® (95% CI)

4041 (4.2)

A. Total population

Reference

Reference

Reference 2192 (2.3)

Reference

Reference

Reference

Controls

1.20 (0.98-1.42)

1.81 (1.61-2.05)

320 (3.2)
7(27)

3.71 (3.29-4.17)
2.21 (1.02-5.12)

5.37 (4.93-5.86)
8.68 (4.73-15.9)

HR®

2.61 (2.36-2.88)
2.56 (1.31-5.01)

aHR¢

3.74 (3.47-4.03)
7.92 (4.71-13.3)

HR®

1037 (10.3)
28 (10.6)

NAFLD

1.24 (0.45-3.38)

aHR®

2.72 (1.22-6.56)

Cirrhosis

HR®

aHR¢

B. Within NAFLD

Reference
0.79 (0.31-1.98)

Reference

313 (3.2)
7(27)

Reference

Reference

822 (8.4)
21 (8.0)

Reference

Reference

1009 (10.3)
28 (10.6)

ation: aHR, adjusted HR.

Cirrhosis (no)

114 (0.60-2.14)

117 (0.78-1.73)

1.30 (0.87—1.93)

1.24 (0.85-1.82)

1.44 (1.02-2.00)

Cirrhosis (yes)

Abbrevi
aCondi

ioned on the matching variables (age, sex, municipality).

=

ioned on the matching variables (age, sex, municipality), hypertension, and adjusted for type 2 diabetes, dyslipidemia, obesity, and COPD status.

ed for age and sex.

=

®Condi
°Adjus

-

ed for age, sex, type 2 diabetes, dyslipidemia, hypertension, obesity, and COPD status.

-

9Adjus

®Individuals could have both nonfatal and fatal CVD; therefore, the number of nonfatal and fatal CVD events does not sum up all CVD events.

all-cause mortality without a prior CVD event was more
than 2-fold higher compared with controls (aHR 2.28,
95% CI = 2.11-2.46).

Life expectancy in NAFLD compared
with the general population

Figure 4 displays life expectancy estimates after a
NAFLD diagnosis stratified by sex. On average, life ex-
pectancy was 2.8 (95% CI = 0.4-5.6) years lower in
patients with NAFLD than the general population: 2.4
(95% CI = 0.4-4.5) years for females and 3.1 (95% CI
0.4-6.6) years for males (Table 3). Patients diagnosed
with NAFLD in middle age had, on average, higher life
expectancy loss than both younger and older patients.
For example, males had 4.9 (95% CIl = 1.3-8.4) years
and females 3.8 (95% CI = 0.4-7.0) years lower life ex-
pectancy compared with the general population when
NAFLD was diagnosed between 40 and 60 years of
age. However, when a diagnosis of NAFLD was made
at 280 years of age, life expectancy loss was only 0.3
years lower, regardless of sex.

LEL was highly affected in patients who received
their first NAFLD diagnosis in the inpatient register,
with an average loss of 7.9 years (95% CIl = 5.8-9.9)
for all: 7.4 (95% CI = 5.4-9.4) in males and 8.3 (95%
Cl = 6.2-10.4) in females. For patients who received
their first NAFLD diagnosis in the outpatient register,
LEL was 2.0 years (95% CI = 0.7-3.5) for all: 2.4 (95%
Cl = 0.8-4.1) in males and 1.8 (95% CI = 0.7-2.9) in
females (Figure S2A,B).

Sensitivity analyses using E-values suggested that
the observed associations were robust to the unmea-
sured confounding for the CVD outcomes (Table S2).
For example, the E-value for the association of NAFLD
and all CVD risk was 4.56, meaning that an unmea-
sured confounder would need to have a minimal rela-
tive risk of 4.56 with both NAFLD and CVD to explain
the found association. Weaker unmeasured confound-
ing could not do so, although the confidence interval
could be toward the null, with a smaller risk ratio of 4.16.
Additionally, we found that the incidence rate of CVD
and mortality in women with NAFLD is higher than that
in referent women. The differences in CVD and mortal-
ity between those with and without NAFLD were larger
among women than men (Table S3).

DISCUSSION

Several observations can be made from this large na-
tionwide cohort study set in a secondary or tertiary set-
ting. First, we found an elevated risk of nonfatal CVD
events in patients with NAFLD compared with matched
controls. Second, patients with cirrhosis had a higher
CVD risk than controls, but not compared to patients
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FIGURE 2 Cumulative incidences of all CVD, nonfatal CVD, and fatal CVD by NAFLD versus matched controls (A) and by cirrhosis

versus noncirrhosis in the cohort with NAFLD (B)

Non-fatal CVD

(A) HR=3.71 (95%Cl: 3.29, 4.17)

N\

(B) HR=0.89 (95%Cl: 0.64, 1.25)

(C) HR=2.28 (95%Cl: 2.11, 2.46)

Start of follow-up
(CVD-free)

All-cause death

FIGURE 3 Associations are expressed as the HR for patients with NAFLD versus a NAFLD-free matched cohort by the multistate
model. Start of the follow-up is a state in which participants were CVD-free. HR due to NAFLD on the risk of transition from CVD-free to
incident CVD (A), incident CVD to death (B), or CVD-free to death (C). All HRs were adjusted for matching variables (age, sex, municipality),
type 2 diabetes, hypertension, dyslipidemia, obesity, and chronic obstructive pulmonary disease (COPD)

with noncirrhotic NAFLD. Third, while NAFLD was as-
sociated with increased overall mortality, no increased
mortality was observed in patients with NAFLD with
incident CVD compared to matched controls who had
also experienced a nonfatal CVD event. Finally, the
overall loss of life expectancy in patients with NAFLD
was about 3 years, which was affected by age and clini-
cal setting at diagnosis. LEL was highest in hospitalized
patients and when the diagnosis of NAFLD was made
at middle age, whereas no apparent loss in life expec-
tancy was observed for those aged =80.

A growing body of evidence shows that NAFLD is in-
dependently associated with an increased risk of CVD
events, and such an association has been consistently

replicated across different populations.[10-1328.291 o

comprehensive meta-analysis by Mantovani et al. pro-
vided substantive evidence for a significant association
between NAFLD and CVD risk, and the risk increases
with the severity of NAFLD.?®! Here, we observed
an HR of 2.6 for all CVD outcomes, which is slightly
higher than the pooled estimates of 1.8 from this meta-
analysis. This discrepancy is probably secondary to the
choice and definitions of confounders, the method of
NAFLD diagnosis, and vast differences in the compar-
ison group. We also observed that the risk was some-
what higher in patients with cirrhosis than controls,
confirming previous studies.l>2°3% Of note, we found
that female sex might no longer be protective against
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Remaining life expectancy (years), by sex
70 70 -
General population (Female) General population (Male)
s — — Patients with NAFLD (Female) i | — — - Patients with NAFLD (Male)
E 50 g 50
B s
g g
E 40 - S 40
3 3
£ 30 £ 30 -
g 2
2= =
® o
£ 20 E 20
w4 o
10 10
e 0+

T
20

30

T T T
50 60 70

Age at diagnosis

T T T T T T T T T
20 30 40 50 60 70 80 90 100
Age at diagnosis

FIGURE 4 Average remaining life expectancy by age at diagnosis in patients diagnosed with NAFLD from 2001 to 2016

TABLE 3 Lossin life expectancy and estimated observed
and expected mean survival time (years) by age group and sex in
patients with NAFLD compared with the general population

Total population
Female
Male

Age groups,
years

18-40
40-60
60-80
280
Female
18-40
40-60
60-80
280
Male
20-40
40-60
60-80
280

Loss in life

expectancy Observed mean
(95%Cl) survival (95% Cl)
2.8(0.4,5.6) 27.8(24.9,30.1)
2.4(0.4,4.5) 271 (24.9,29.1)
3.1(0.4,6.6) 28.5(24.9,32.0)
1.3(-3.5,6.2) 47.2(42.4,52.0)
4.3(0.8,7.7) 26.6(23.1,30.0)
2.0(1.4,2.6) 15.6 (14.9, 16.2)
0.3 (0.1, 0.5) 6.4 (6.1, 6.6)
0.6 (-1.6,2.9) 50.7 (48.4, 53.0)
3.8(0.4,7.00 28.1(24.8,31.4)
1.9(1.3,2.7) 16.9(16.2, 17.6)
0.3 (0.1,0.5) 6.7 (6.6, 7.0)
1.7 (-4.3,7.8) 45.4(39.3,51.5)
49(1.3,8.4) 24.2(21.6,28.7)
2.0(1.5,2.5) 13.7 (13.2, 14.2)
0.3 (0.1, 0.4) 5.6 (5.4, 5.8)

Expected
mean
survival

30.6
29.5
31.6

48.5
30.9
17.6
6.7

51.3
31.9
18.8

7.0

471

30.1

15.7
5.9

CVD in women with NAFLD, which was in line with pre-
vious finding by Allen et al.B it appears that relative to
men, women are less susceptible to NAFLD, but once
NAFLD is established," the protection of female sex
against CVD disappears.

Despite the convincing evidence for higher risk of
nonfatal CVD events related to NAFLD, disagreement
primarily falls within the published risk estimates for
fatal CVD events.®~142930 Qur results of no elevated
risk of CVD mortality in patients with NAFLD compared
to matched controls might in part be driven by the large
proportion of patients with NAFLD (98%) having a more
benign (i.e., noncirrhotic) NAFLD, as severe forms of
NAFLD, rather than simple steatosis, have been re-
ported to increase the risk of CVD mortality.®'"2% This
view is in line with a recent study using histological
data reporting that NAFLD severity was linked to a
higher CVD risk.1"%! Additionally, we did not observe an
increased risk of CVD in patients with cirrhosis when
restricting the analysis in patients with NAFLD. As indi-
cated by the supplementary analysis showing 40% of
patients with cirrhosis died from non-CVD events (e.g.,
liver-related death) during the follow-up, a high com-
peting risk of non-CVD mortality might have diluted our
estimates due to selective survival.

Because of the high risk of nonfatal CVD events in
NAFLD, we extended the observation for those who sur-
vived with incident CVD and observed that there was
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no increased overall mortality risk after a CVD event in
NAFLD than the controls who also survived with a CVD
event. Such an association has not been previously
studied. This finding suggests that incident CVD over-
takes the influence of NAFLD on mortality and that the
impact of NAFLD on mortality after a CVD event is neg-
ligible. Collectively, our results suggest that patients with
NAFLD are at a higher risk of CVD, but once CVD man-
ifests, the role of NAFLD on mortality is limited. Hence,
making a NAFLD diagnosis after a CVD event might be
unnecessary, although this needs to be confirmed in
studies with more granular data, as an alternate expla-
nation could be that a high proportion of controls might
have developed NAFLD before their CVD event.

Beyond lower life expectancy in NAFLD, we also
found that higher loss of life expectancy was attributed
primarily to patients diagnosed in middle age, and such
loss appeared to be less evident in those diagnosed at
a younger or older age. Data from the nationwide study
in the United States found a 4-fold mortality in those
diagnosed at age 45-54 years, whereas mortality
risk was similar between participants without NAFLD
and those diagnosed at 55-80 years.[32] Patients
with NAFLD diagnosed at middle age may have more
cardiovascular risk factors compared with their non-
NAFLD counterparts. On the other hand, because car-
diovascular comorbidities are common in older adults,
those who develop NAFLD at old age are similar to ref-
erence individuals, leading to a lower relative increase
in mortality risk attributable to NAFLD. This notion has
been supported by Kagansky et al., who demonstrated
that no differences in metabolic impairments were
found between octogenarians with NAFLD and those
without, claiming that NAFLD is a benign condition in
old age.[33] Another notable finding is that we did not
see a big difference in younger age (i.e., 18—40 years).
This relative lack of difference might be due to this
group’s relatively low background mortality rate (3.1%
for NAFLD vs. 0.9% for controls) and the low number
of younger individuals with NAFLD. Thus, this finding
should be interpreted cautiously. As expected in the
analyses stratified by diagnosis from the inpatient and
outpatient registers, the peak in LEL primarily arises
from hospitalized patients with a NAFLD diagnosis at
middle age, suggesting that this group of patients could
benefit the most from intensive treatment of NAFLD to
improve survival. Nevertheless, we also observed a
lower life expectancy of about 2 years in patients with
NAFLD diagnosed as outpatients.

Both strengths and limitations can be linked to the
use of national, population-based registers using his-
torical data in this study. Given the high validity of the
NPR for acute CVD events and the high coverage rate
from the CDR, we have a high capture rate of the out-
comes studied. Selection bias is minimal in that report-
ing to the Swedish registers is mandatory, and health
care in Sweden is run by public institutions. However,

primary care does not report to the NPR, explaining
why such patients are omitted. Therefore, generaliza-
tion of our data should primarily be restricted to patients
diagnosed in secondary or tertiary care. A major lim-
itation is the potential misclassification of NAFLD. As
NAFLD is often asymptomatic, it is underdiagnosed
and its prevalence is likely to be underestimated. Due
to the high prevalence of NAFLD in the general popu-
lation, there are potentially misclassified cases in the
control group, resulting in falsely low estimates of the
outcomes studied. However, such misclassification
would dilute our estimates toward the null, which is why
the effect of NAFLD on the outcomes might be higher
than reported here. As reflected by the low prevalence
of metabolic comorbidities in the controls, another pit-
fall concerns the diagnosis of the disease ascertained
from the NPR instead of from primary care. The prev-
alence of these metabolic comorbidities is likely to be
underdiagnosed. The estimates therefore could rep-
resent a group of patients with a more severe form of
NAFLD; however, only 2% had a diagnosis of cirrho-
sis at baseline. Another limitation is that although we
attempted to control relevant confounders, we could
not control other potential residual confounders (e.g.,
cholesterol values or lifestyle factors) due to such data
being unavailable in the used registers. However, our
E-value analyses suggests that an unmeasured con-
founder would need to give a very high increased in risk
(>4.6) for CVD, which may be unlikely.

Despite these caveats, our findings have import-
ant clinical implications for careful monitoring of CVD
in patients with NAFLD. Patients with NAFLD should
be closely assessed for CVD risk factors and offered
early intervention to reduce CVD risk. Our results also
show that it may not be necessary to actively inves-
tigate NAFLD in patients with a CVD event. In addi-
tion, because patients diagnosed at middle age have
the highest LEL, the screening, diagnosis, and clinical
management for this patient group would appear to be
especially important. Conversely, diagnosing NAFLD in
older patients (=80 years) may lack clinical significance.

To conclude, in this population-based cohort of indi-
viduals with NAFLD without a previous history of CVD,
we found an increased risk of cardiovascular outcomes
compared with the general population. This increased
risk of cardiovascular events was primarily for nonfa-
tal CVD. After a CVD event, patients with NAFLD had
a similar mortality risk to controls with a CVD event.
Patients with NAFLD have, on average, a 3-year lower
life expectancy than the general population. However,
this lower life expectancy is influenced by age at diag-
nosis, with a greater loss of life at middle age and no
apparent loss in life years when the diagnosis occurred
at an older age.
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