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Abstract

Background & Aims—Cardiovascular (CV) disease is the top cause of mortality in patients
with nonalcoholic fatty liver disease (NAFLD). Female sex is protective against CV disease. We
aimed to determine whether female sex remains a protective factor against CV disease (myocardial
infarction, angina and stroke) in NAFLD.

Methods—We identified all adults diagnosed with NAFLD in Olmsted County, Minnesota
between 1997 and 2014 and selected an age- and sex-matched (1:4) referent cohort from the
general population. NAFLD was ascertained using a code-based algorithm with high validity
tested by medical record review. The impact of female sex on incident CV events was examined
using Cox proportional hazards regression analysis stratified by standard clinical risk factors.

Results—A total of 3,869 NAFLD and 15,209 age-and sex-matched referent subjects were
identified. After a median follow-up time of 7 (range 1-20) years, 3,851 CV events were recorded.
Female sex was protective for ischemic CV events in the general population (HR=0.71, 95%ClI
0.62-0.80, p<.001), but the impact was significantly diminished among those with NAFLD
(HR=0.90, 95%CI 0.74-1.08, p=.25), even after stratification by time-dependent CV risk factors
and control for diagnostic testing (liver enzymes and ultrasound) during routine medical
evaluations, as a surrogate of access to care. Among those with NAFLD, excess events were
higher in women than men: CV disease (18% vs9%) and mortality (9% vs6%).
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Conclusions—Women with NAFLD lose the CV protection conferred by the female sex and
their risk is underestimated by current estimating methods in clinical practice.
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INTRODUCTION

General population studies have shown differences in the pathophysiology of cardiovascular
disease (CVD) between men and women, supporting the concept of female hormonal
protection in CVD?. For example, epidemiological data have indicated that coronary artery
calcification on computed tomography occurs a decade later than in men?: 3 and that
myocardial infarction among women occurs approximately eight years later than men 4.
Therefore, sex is an important risk modifier included in commonly used models of CV risk
estimation in clinical practice. In 2013 the American College of Cardiology and the
American Heart Association endorsed the Pooled Cohort Equations (PCEs) for estimating
10-year risk of first hard atherosclerotic cardiovascular disease (ASCVD) event®. These are
sex- and race-specific and include covariates such as of age, metabolic parameters and
current smoking status. Because of a higher coefficient associated with male sex, the
estimated 10-year risk in men is higher than that of women of similar age, race and
covariates. The estimated risk impacts the level of preventative measures, which can vary
between lifestyle counseling and initiation of primary prophylactic agents.

Several studies have demonstrated that CVD is the most common cause of death in
nonalcoholic fatty liver disease (NAFLD), surpassing liver-related death 8 7. The association
between NAFLD, metabolic comorbidities and cardiovascular outcomes has been
extensively explored®11, In a recent population-based study from Olmsted County, MN we
showed that NAFLD is an independent risk factor for incident metabolic comorbidities and
death; the impact of NAFLD on CV events was significant only in subjects without
metabolic comorbidities (RR=3.25, 95% C1=2.29-4.60), suggesting that the CV risk in
NAFLD can be independent of comorbid dysmetabolic conditions. However, whether female
sex remains a protective factor for CVD events in NAFLD has not been explored.
Furthermore, the performance of CV risk-estimating equations has not been tested on special
populations such as those with NAFLD. We hypothesized that compared to the general
population patients with NAFLD have a higher metabolic burden which may reduce the
protective role of female sex.

Using the community cohort of individuals diagnosed with NAFLD in Olmsted County, MN
we explored the impact of sex as an effect modifier in CVD in reference to a general
population cohort without a diagnosis of NAFLD. Specifically, we examined 1) the impact
of female sex on CV risk and 2) the performance of Pooled Cohort ASCVD Risk Equations
for estimating the 10-year risk of ischemic CV events in women versus men from the two
groups.
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We constructed a cohort of all adult individuals diagnosed with NAFLD in Olmsted County,
MN between 1997 and 2014, using prospectively collected data in a medical-record linkage
system, the Rochester Epidemiology Project (REP)12 13, This is an electronic infrastructure
that collates and indexes all the medical information, from all medical providers in this
community. The system provides data on all encounters with the medical system, including
administrative codes, access to medical records, including medical encounters, laboratories,
imaging, medication prescriptions and procedures. NAFLD cases were identified using
Hospital International Classification of Diseases Adapted (HICDA) codes, a system
developed at Mayo Clinic for research diagnosis coding and adapted by REP in 1976:
HICDA 05710421 (fatty liver), 05710431 (nonalcoholic steatohepatitis - NASH).
Additionally, the International Classification of Diseases (ICD)-9 codes ICD 9-CM 571.5
(cirrhosis of the liver without mention of alcohol), 571.8 (other chronic nonalcoholic liver
disease), 571.9 (unspecified chronic liver disease without mention of alcohol) were used.
Subsequently, we searched for codes of diagnoses of exclusion for liver diseases of other
causes (Supplementary Table 1). Subjects were ascertained as NAFLD cases if no codes for
alternative liver disease etiology were identified prior to the index NAFLD diagnosis or
during the following year. Individual chart review of a random sample of 10% of subjects
(412 with NAFLD codes after exclusion of liver diseases of other causes and 131 with codes
for liver diseases of other causes) was performed by a physician (A.M.A.) to determine the
performance of the selection algorithm. A referent cohort without a diagnosis of NAFLD,
individually matched by age and sex to the NAFLD subjects on the day of index NAFLD
diagnosis (1 NAFLD:4 referent subjects), was identified from the general population using
REP. Only participants with an active research authorization at the time of the data
collection (2018) were included.

Primary cardiovascular outcomes were ischemic events, specifically myocardial infarction,
angina, and stroke. Secondary outcomes included heart failure, atrial fibrillation/flutter and
death. The CV outcomes were identified in the medical record linkage system using
diagnostic codes which were previously validated in numerous studies of the Olmsted
County population(Supplementary Table 2)14-17. Covariates of interest included body mass
index (BMI), diabetes mellitus, hypertension, dyslipidemia, smoking and history of
cardiovascular disease. Comorbidities were defined based on combinations of ICD 9-CM or
HICDA codes (Supplementary Table 2), medications (Supplementary Table 3) and
laboratory values, as follows: diabetes mellitus — diagnostic codes plus medications or
laboratory values (fasting glucose = 126 mg/dL or hemoglobin Alc =6.5%); dyslipidemia —
diagnostic codes plus medications or laboratory values (LDL cholesterol >100 mg/dL or
triglycerides >150 mg/dL); hypertension — diagnostic codes plus medications. The
covariates were ascertained not only at the time of index NAFLD diagnosis/matching, but
also as they occurred during the follow-up. The subjects were followed until death,
migration out of Olmsted County or end-of-study (September 2018).
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Statistical analysis

The absolute number of events and the age-stratified incidence rate of individual CV events
per 1000 person-years were reported separately in men and women, among NAFLD and
referent cohort. The rate was smoothed over age using Poisson regression and a cubic spline
predictor. The impact of female sex on the risk of incident CV events was examined using
Cox proportional hazards regression analysis stratified by personal history of CVD, BMI at
the time of diagnosis/matching and time-dependent smoking, diabetes mellitus (DM),
hypertension (HTN) and dyslipidemia (these covariates were included if present at index
diagnosis or as they occurred subsequently during follow-up). Secondary analyses adjusting
for time-dependent FIB-4 as a continuous variable (using all the time-points in which AST,
ALT and platelets were tested during the follow-up) were performed to explore if the CV
risk is related to liver disease severity. We used multi-state modeling!®-20 to determine the
proportion of men and women with NAFLD or controls who were in either of 4 states: 1)
alive without any current or prior history of CVD; 2) alive with current of prior CVD, 3)
dead with history of CVD; and 4) dead without history of CVD (Figure 1 of the Supplement,
where each box is a state and each arrow represents a transition (rate) from one state to
another, using the approach described in Putter et al.2%). The multistate modeling approach is
similar to competing risk analysis but with the advantage of exploring multiple states that an
individual can unidirectionally transition towards the final state of death. The excess CVD
and mortality between NAFLD and referent cohorts among women and men was derived
from this model and reported by age.

To examine the performance of PCE in men and women with NAFLD compared to the
referent cohort, predicted 10-year rates of primary ischemic CV events (composite of Ml or
stroke) were calculated using the sex- and race-specific equations, using age, total
cholesterol, HDL cholesterol, treated or untreated systolic blood pressure, smoking status
and diabetes as covariates. The PCEs performance was assessed using 2 parameters:
discrimination (c-statistic) and calibration (standardized incidence ratio). Additional details
on statistical modeling are provided in the Statistical Appendix section of the Supplement.

RESULTS

Performance of the NAFLD code-based identification algorithm

Of the 412 subjects identified as NAFLD by the code-based algorithm, 350 (85%) were true
NAFLD after individual chart review. Of the 131 subjects who were excluded due to codes
for other liver diseases, 114 (87%) were identified as true non-NAFLD after individual chart
review (Supplementary Table 4). The algorithm performance parameters were as follows:
sensitivity 95%, specificity 65%, positive predictive value 85%, negative predictive value
87%, and accuracy 85%.

The cohort consisted of 19,078 Olmsted County residents, of whom 3,869 had NAFLD and
15,209 were age- and sex-matched referent individuals without NAFLD. Median age at
diagnosis/matching was 53 (IQR 43-64) years and 10,005 (52.4%) were women. Among
those with NAFLD, women had a higher BMI, prevalence of diabetes and hypertension than
men. This is in contrast to the trends noted among referents, in whom women had lower
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BMI and prevalence of metabolic comorbidities (Table 1). The median follow-up was 7
(range 1 to 20) years.

The protective role of female sex on CVD risk is nonsignificant in NAFLD

A total of 3,851 CV events occurred during the follow-up (Table 2). As seen in Figure 1, in
the general population, incident ischemic CV events (Ml, angina or stroke) increased with
age but occurred at a lower rate in women compared to men. In contrast, the overall
incidence of ischemic CV events in NAFLD women was similar to that of NAFLD men.

Female sex was associated with a lower risk of incident ischemic events among referent
subjects without NAFLD (HR=0.72, 95% CI 0.65-0.80, p<.001, stratified by personal
history of CVD) but among NAFLD individuals the impact was markedly diminished
(HR=0.93, 95% CI 0.78-1.09, p=.36; stratified by personal history of CVD). In multivariate
analysis stratified by BMI, personal history of CVD, time-dependent DM, HTN,
dyslipidemia and smoking, female sex remained a protective factor for ischemic CV events
in the referent group (HR=0.71, 95%CI 0.62-0.80, p<.001), but not in NAFLD (HR=0.90,
95%Cl 0.74-1.08, p=.25). These findings did not change after further adjustment for liver
disease severity by time-dependent FIB-4: HR=0.74 (0.63-0.86) in referents and 0.96 (0.77—
1.18) in NAFLD individuals. The impact of female sex on the risk of individual types of CV
events, including the primary and secondary outcomes of interest is shown in Table 3.

Because the above results can be impacted by an ascertainment bias resulting from
differential screening in women compared to men, we determined the proportion of men and
women among NAFLD patients and referents who underwent blood testing for AST/ALT as
part of routine medical care or abdominal ultrasound for any indication within 5 years before
and after index date. A similar proportion of men and women underwent these tests in each
of the 2 groups: among referents, 85% of women (6642 of 7816) and 82% of men (5749 of
7039); among NAFLD, 99% of women (2312 of 2328) and 99% of men (1957 of 1980). To
correct for the possible ascertainment bias, we performed sensitivity analysis of the impact
of female sex on CVVD among those referents who underwent laboratory or ultrasound
testing. The impact of female sex among the referents under medical surveillance was
similar to that noted among all referents in the primary analysis (stratified HR=0.72, 95%ClI
0.64-0.82). These data suggest that ascertainment bias due to preferential screening of
women or unhealthy controls is not the likely cause of the main results.

Women with NAFLD develop CV events at younger age than women without NAFLD

As seen in Figure 1, the incidence rate of CV events in women with NAFLD is higher than
in referent women, especially at younger age. For example, the incidence rate of ischemic
CV events for a 50 year-old woman with NAFLD is similar to that of a 68 year-old woman
without NAFLD (30 events/1,000 person-years). Figure 2 illustrates the proportion of
women and men, with and without NAFLD, who are in either of four states: alive without
CVD, alive with CVD, dead with history of CVD and dead without history of CVD at
different decades of age. Among women, those with NAFLD (panel A) are more likely to
have CVD or to have died in reference to those without NAFLD (panel B), at any age.
Among men, the differences in CVD and death between those with (panel C) and without
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NAFLD (panel D) are smaller. For example, in 60 year-old individuals, the excess CVD in
NAFLD versus the referent cohort is 18% in women and 9% in men, while the excess
overall mortality is 9% in women and 6% in men. In 70 year-old individuals, the excess
CVD in NAFLD versus referent cohort is 19% in women and 11% in men, while the excess
overall mortality is 16% in women and 11% in men (see Table 4 for excess outcomes by all
ages).

Cardiovascular risk is underestimated in women with NAFLD

Given that the protective role of female sex on incident CV events is markedly diminished in
NAFLD, we assessed the performance of the PCEs on the 10-year ASCVD risk prediction
(myocardial infarction or stroke) in women versus men with NAFLD and referent subjects.
The c-statistic in NAFLD women, NAFLD men, referent women and referent men was 0.71,
0.76, 0.71 and 0.70, respectively (Supplementary Table 5). However, the calibration was
inferior in NAFLD women, in whom the rate of observed events was higher than expected
(SIR>1) across all CV risk strata (Figure 3). In contrast, in NAFLD men, SIR>1 was noted
in those with very low and intermediate (7.5-10%) ASCVD risk, while in the general
population the SIR was <1 in most of the risk categories. Thus, the current PCEs
consistently underestimate the 10-year risk of MI or stroke in NAFLD women, across all
risk strata, while they overestimate the CV risk in those without NAFLD. In NAFLD men,
the risk is underestimated in those with very-low and intermediate risk, and overestimated in
those with low and high risk.

DISCUSSION

This study demonstrates that the female advantage in cardiovascular disease protection is
lost in NAFLD subjects. Unlike women from the general population, who are 29% less
likely to develop CVD than their male counterparts with similar cardiovascular risk factors,
NAFLD women have a similar CVD risk to NAFLD men. Moreover, NAFLD women
develop CVD at younger age than women from the general population. The excess CVD and
mortality between those with and without NAFLD is much higher in women than men at all
ages. In this community, current equations underestimate the 10-year ASCVD risk in
NAFLD women while overestimating the risk in the general population. These findings have
important clinical implications as they could impact counseling and adequate initiation of
primary prevention methods with aspirin and statins in women with NAFLD.

Studies from the general population have shown that the prevalence of metabolic syndrome
increases with age in a sex-specific manner: young and middle-aged women are protected
due to sex- and gender-related factors, whereas a steep increase is noted starting after
menopause due to changes in fat distribution and energy balance related to hormonal
modifications 21-23, These differences in metabolic burden may account for the lower CVD
in women from young and middle-age groups and the equalization of risk between sexes at
older age. However, in patients with NAFLD, these differences in metabolic burden
disappear, as women develop comorbidities at young age. Thus, the impact of protective
hormonal factors may be diluted by the high metabolic burden, which may partially explain
the lack of protective effect of female sex on cardiovascular disease.

Am J Gastroenterol. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Allen et al.

Page 7

Our findings that NAFLD and associated metabolic comorbidities have a “cardiovascular
aging” effect of approximately 18 years in women are of significant public health
importance. NAFLD women of young and middle-age have twice as many CV events as
women of same age from the general population. Upward shifts in the incidence and
prevalence of NAFLD in the past decades, more obvious in the young population, may result
in a greater proportion of life lived with cardiovascular comorbidity and raise concern for
future population-level burden of morbidity and mortality associated with NAFLD?4. A high
CVD burden results in less healthful years of life, poorer quality of life, and increased health
care expenditures?®. Although the refative increase in CV risk in NAFLD is higher in young
women, the impact on public health escalates with the increase in age and absolute CV
events. As seen in Table 4, the excess CVD in NAFLD increases progressively up to age 80
but is 2—-3-fold higher in women than in men at all ages. The excess mortality in women with
NAFLD arises from those who transition through a state of CVD, whereas the difference in
mortality in those with NAFLD without CVD is similar in women and men.

Major guidelines recommend that decisions about aspirin, blood pressure, and statin therapy
be determined from 10-year CVD risk estimates from the PCEs26:27, Their performance has
been controversial because they overestimate risk among contemporary populations 28-33,
Our data adds to the evidence that these equations overestimate the CV risk in men and
women from the general population. However, the novelty of this work is that, in NAFLD,
the PCEs underestimate CV risk in women, across all strata of CV risk. In subjects with an
estimated ASCVD risk of =210%, in whom preventative measures are to be considered, the
observed rate of CV events was lower than predicted in men and women from the general
population as well as NAFLD men (suggesting that these groups may receive unnecessary
prevention), whereas NAFLD women had a higher rate of CV events than predicted. In the
group of subjects with an estimated ASCVD risk of 7.5-10%, in whom the net benefit of
preventative therapy is smaller, but could be considered, NAFLD subjects had a higher rate
of CV events than predicted. Underestimation of risk can impact preventable cardiovascular
events. These findings suggest that NAFLD patients may benefit from initiation of statin and
low-dose aspirin at a lower threshold and that shared-decision making should take into
consideration NAFLD as an important comorbidity. Although the impact of NAFLD on
CVD is largely mediated by metabolic comorbidities (which are included in the PCEs),
NAFLD patients in general, and women in particular, may have different susceptibility to
cardiovascular injury than the general population. Continued effort is needed to produce
accurate risk assessment tools or other methods of CVD risk prediction such as coronary
artery calcification3* for specific patient populations, such as that with NAFLD.

The strengths of this study include the large contemporary longitudinal dataset, with a wide
age range, and the use of a matched cohort without NAFLD, representative of the population
residing in this community. The medical record linkage infrastructure used in this study
captures all medical events, including CVD, which occurred in this historical cohort and was
documented by any provider; this is an ideal setting to study the natural history of NAFLD,
because it does not rely on self-reporting and it minimizes event ascertainment bias by sex
and referral bias. We collected hard clinical outcomes instead of surrogate markers of CV
disease and we stratified by baseline as well as time-dependent metabolic risk factors, which
is important to consider in NAFLD because it is a risk factor for such incident comorbidities.
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Although NAFLD was ascertained based on administrative codes, the algorithm used to
exclude other causes of liver disease has high internal validity based on individual chart
review. It is possible that a proportion of the general population had undiagnosed NAFLD
and, if NAFLD is associated with increased CV risk, this sampling bias could have
diminished the difference in the incidence of CV events between those with and without
NAFLD. Thus, it is possible that after careful removal of undiagnosed NAFLD from the
reference population, the relative risk of CV events would be even higher than our estimates.
Although the risk of missed cases is generally high in large population-based cohorts due to
lack of systematic screening in the community, data generated from cohorts who were
identified as having NAFLD remain of critical importance nonetheless. We carefully
explored if the differential impact of female sex on CVD in NAFLD versus referents was
biased by differential intensity of diagnostic testing (serum liver enzymes and abdominal
ultrasound, chosen as surrogates of medical surveillance that are also used in the
conventional NAFLD diagnosis/screening algorithm) among genders; we demonstrated that
these results are not the consequence of an imbalanced detection process related to
differences in access to medical care between men and women among those with NAFLD or
referents.

The limitations of this study include the predominantly white population, which limits
generalizability to other races/ethnicities for conditions that have strong ethnic or
socioeconomic determinants. However, the age and sex of Olmsted County residents are
similar to those of the Upper Midwest and mortality rates are similar to the entire United
States 3°. Moreover, no single US community is fully representative of the entire United
States, including the Framingham Heart Study which has provided critical evidence to CV
disease epidemiology. The composite outcomes assessed by ASCVD did not include CV as
a cause of death, as this could not be robustly identified from REP database. We did not
assess the influence of menopausal status and therapies, in particular aspirin or statin use
because prior large studies did not find a considerable impact of these variables on risk
estimation32: 36,

In summary, this analysis of a large contemporary community cohort adds novel evidence
that CVD associated with NAFLD has distinct consequences in women compared to men.
These findings provide a critical perspective on the cardiovascular impact of NAFLD and
challenge the current ASCVD risk-estimating methods which underserve women with
NAFLD. As cardiovascular morbidity represents a significant burden in NAFLD,
underestimating risk may have significant public health consequences, impacting half of the
NAFLD population, or approximately 40 million women in the country.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ASCVD atherosclerotic cardiovascular disease

BMI body mass index

Cl confidence interval

Ccv cardiovascular

CVvD cardiovascular disease

DM diabetes mellitus

HR hazard ratio

HICDA Hospital International Classification of Diseases Adapted

HTN hypertension

ICD International Classification of Diseases

NAFLD nonalcoholic fatty liver disease

PCEs Pooled Cohort Equations

REP Rochester Epidemiology Project
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Study Highlights
WHAT IS KNOWN
. Female sex is protective against CV disease in the general population.
. CVD is the top cause of mortality in patients with NAFLD.
WHAT IS NEW HERE

. The female advantage in cardiovascular disease protection is lost in patients
with NAFLD.
. The excess CVD and mortality between NAFLD and controls is much higher

in women than men at all ages.

. The conventional risk-estimating equations underestimate the 10-year CVD
risk in NAFLD women while overestimating the risk in the general
population.
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FIGURE 1.

Estimated incidence of ischemic cardiovascular events (myocardial infarction, angina or
stroke) among women and men with nonalcoholic fatty liver disease compared to a referent
cohort without NAFLD.
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FIGURE 2. Distribution of individuals among four states: dead without CVD, dead with CVD,
alive with CVD and alive without CVD (remaining unshaded area) at different decades of age.

A. Female NAFLD. B. Female controls. C. Male NAFLD. D. Male controls.

The study subjects enter the model at their corresponding age at the index date of NAFLD
diagnosis/matching and are followed longitudinally as they transition unidirectionally
between the 4 states until the end of study. At each age, the proportion of individuals in each
of the 4 states sum to 100%. The proportion of those in a state of CVD (myocardial
infarction, angina or stroke) at each age can be calculated by adding the proportion of those
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alive with CVD and dead with CVD. Excess CVD in NAFLD compared to controls can be
calculated by subtracting the proportion of controls with CVD from NAFLD subjects with
CVD.

FN: female NAFLD; FC: female controls; MN: male NAFLD; MC: male controls; CVD:
cardiovascular disease.
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FIGURE 3. Performance of the Pooled Cohort Equations in estimating 10-year risk of
myocardial infarction or stroke.

The Standardized Incidence Ratio (observed/expected rate of events) is illustrated in men
and women with NAFLD compared to the general population, across strata of estimated risk
(>1 represents underestimation, <1 represents overestimation of risk). The observed and
predicted risks were plotted by clinical risk categories using cut points of 5%, 7.5% and
10%.
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Table 1.
Demographic and clinical characteristics of NAFLD subjects compared to age- and sex-matched referent

individuals from the general population !

NAFLD cohort Referent cohort

Women n=2,032 | Men n=1,837 | Women n=7,973 | Men n=7,236
Age-median (IQR) 54 (44-64) 51 (41-62) 54 (44-64) 52 (41-63)

Race/ ethnicity

White 1790 (88.1%) | 1614 (87.9%) | 6846 (85.9%) | 5861 (81.0%)
Black 57 (2.8%) 49 (2.7%) 222 (2.8%) 270 (3.7%)
Asian 70 (3.4%) 67 (3.6%) 260 (3.3%) 267 (3.7%)
Hawaiian/Pacific Islander 8 (0.4%) 3(0.2%) 16 (0.2%) 12 (0.2%)
American Indian 15 (0.7%) 6 (0.3%) 14 (0.2%) 11 (0.2%)
Other/mixed 85 (4.2%) 79 (4.3%) 211 (2.6%) 229 (3.2%)
BMI- median (IQR) kg/m? 34 (29-40) 32 (29-36) 27 (23-32) 28 (25-32)

Diabetes mellitus, n(%)

at baseline 629 (31.0%) 496 (27.0%) 639 (8.0%) 794 (11.0%)

at last follow-up 827 (40.7%) 705 (38.4%) 950 (11.9%) | 1136 (15.7%)

Hypertension, n(%)

at baseline 955 (47.0%) 790 (43.0%) 1855 (23.3%) | 1776 (24.5%)

at last follow-up 1249 (61.5%) | 1085(59.1%) | 2622 (32.9%) | 2548 (35.2%)

Dyslipidemia, n(%)
at baseline 1448 (71.3%) 1321 (71.9%) 3352 (42.0%) 3086 (42.6%)

at last follow-up 1606 (79.0%) | 1478 (80.5%) | 4127 (51.8%) | 3852 (53.2%)

Cardiovascular disease, n(%)

at baseline 487 (24.0%) 453 (24.7%) 1024 (12.8%) | 1270 (17.6%)

at last follow-up 682 (33.6%) 621 (33.8%) 1527 (19.2%) | 1777 (24.6%)

fAII p<.001 for the comparisons of NAFLD to the referent population
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Table 2.
Number of incident cardiovascular events in NAFLD subjects and referent population during the study
timeframe.
NAFLD cohort Referent cohort
Cardiovascular event
Men n=1,837 | Women n=2,032 | Men n=7,236 | Women n=7,973

Myocardial infarction 64 59 216 131

Angina/Ischemic heart disease 112 120 315 233

Stroke 104 120 335 348

Heart failure 110 124 325 302

Atrial fibrillation/flutter 96 88 353 296
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The impact of female sex on incident cardiovascular events in patients with NAFLD compared to age- and
sex-matched referent individuals.

Hazard ratio of CV event (F/M)‘z
95% Confidence Interval
Type of CV event . .
Stratified by personal history of CVD Stratified by personal history of CVD and CV risk factorsw
NAFLD cohort Referent cohort NAFLD cohort Referent cohort

Ischemic events ™ 0.93 0.712 0.90 071

0.78-1.09 0.65-0.80 0.74-1.08 0.62-0.80
Myocardial infarction 0.80 0.53 0.79 0.56

0.56-1.13 0.42-0.66 0.53-1.17 0.44-0.73
Angina/ischemic heart disease 0.96 0.65 0.89 0.65

0.75-1.24 0.55-0.78 0.67-1.19 0.53-0.79
Stroke 0.94 0.88 0.96 0.83

0.72-1.21 0.76-1.03 0.72-1.26 0.69-0.99
Heart failure 0.97 0.81 0.93 0.84

0.76-1.25 0.69-0.95 0.70-1.24 0.69-1.01
Atrial fibrillation 0.76 0.71 0.81 0.72

0.57-1.01 0.61-0.83 0.59-1.11 0.59-0.86

*
Composite of myocardial infarction, angina or stroke

“Bold numbers represent statistically significant results (p<.005)

OOBMI, time-dependent smoking, diabetes mellitus, hypertension and dyslipidemia
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Excess cardiovascular disease and mortality in men and women with NAFLD compared to their non-NAFLD

referent counterparts.

Age Cardiovascular disease Death
Women (NAFLD vs matched Men (NAFLD vs matched Women (NAFLD vs Men (NAFLD vs matched
referent) referent) matched referent) referent)

30 6% 3% 1% 0%
40 10% 8% 4% 3%
50 14% 8% 6% 3%
60 18% 9% 9% 6%
70 19% 11% 16% 11%
80 27% 9% 26% 16%
90 14% 5% 14% 15%
100 11% 1% 5% 4%
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