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Abstract

Background and aims—Elevated circulating levels of fibroblast growth factor 21 (FGF21) are
associated with multiple cardiovascular disease (CVD) risk factors and incident events. Previous
small cross-sectional studies, mainly in Chinese populations, have suggested FGF21 may play a
role in the development of atrial fibrillation (AF). We therefore investigated the relationship of
FGF21 levels with incident AF in participants free of clinically apparent CVD at baseline in a
large, multi-ethnic cohort.
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Methods—A total of 5,729 participants of four major ethnic groups (Caucasian, African
American, Hispanic American, and Chinese American) from the Multi-Ethnic Study of
Atherosclerosis (MESA), who were free of AF and had plasma FGF21 levels measured by ELISA
at the baseline exam, were included in the analysis. Participants were followed up for incident AF
over a median period of 12.9 years. Cox proportional hazards regression analysis was used.

Results—Among the 5,729 participants, 778 participants developed incident AF. Participants
with incident AF had significantly higher baseline FGF21 levels than those without incident AF
(median = 166.0 and 142.8 pg/mL, p <0.001). After adjusting for possible confounders, including
demographic, socioeconomic and lifestyle factors, traditional CVD risk factors and circulating
inflammatory markers, higher baseline FGF21 levels did not predict incident AF over the follow
up period. There was no effect modification by sex or ethnicity.

Conclusions—Baseline FGF21 levels were not associated with the development of AF in an
ethnically diverse population followed long-term. Our findings do not support an important role of
FGF21 in AF development.

Keywords

atrial fibrillation; cardiovascular disease; fibroblast growth factor 21; Multi-Ethnic Study of
Atherosclerosis

1. Introduction

Atrial fibrillation (AF) is a global prevalent health problem. Although it contributes to
increased morbidity, mortality, and healthcare cost [1], it can be difficult to detect when
paroxysmal [2]. Therefore, many studies have explored the potential of biomarkers to
improve early AF risk screening, detection and disease management [3]. The most well-
established AF biomarker is N-terminal pro B-type natriuretic peptide (NT-proBNP)
elevated circulating levels of which are predictive of incident AF [4]. Recently, fibroblast
growth factor 21 (FGF21) has been suggested as a potential biomarker for AF risk.

FGF21 influences glucose and lipid metabolism [5-7]. Moreover, FGF21 improves tissue
sensitivity to insulin, lowers blood glucose levels and has been implicated as a potential
biomarker for early detection of cardiometabolic disorders [8]. Its circulating levels are often
elevated in obesity, dyslipidemia, insulin resistance, the metabolic syndrome, type 2
diabetes, non-alcoholic fatty liver disease and coronary artery disease [8]. Elevated FGF21
levels in this context may be due to the presence of FGF21 resistance, as a result of impaired
FGF21 signaling or compensatory responses to the underlying metabolic stress, as FGF21
shows cardioprotective properties in cell culture and animal studies [8].

Recent studies in a Chinese population suggest an association between FGF21 and AF. In a
cross-sectional study of 113 AF patients and 60 healthy control subjects, serum FGF21
levels were found to be elevated in AF, and varied according to AF type [9]. Elevated FGF21
mMRNA levels in atrial tissue have also been reported in AF patients [10]. However, the
association of FGF21 levels with the incident development of AF, particularly among an
ethnically diverse population, is unknown. Moreover, it is also unclear whether circulating
FGF21 can predict AF development, independent of other CVD risk factors and more well-
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established biomarkers such as NT-proBNP, and cardiac magnetic resonance imaging (MRI)
parameters. Given the potential relationship of FGF21 with AF, we conducted an analysis to
test the hypothesis of a significant association between baseline FGF21 levels and incident
AF in the Multi-Ethnic Study of Atherosclerosis (MESA). Ours is the first longitudinal
analysis to investigate the relationship between baseline FGF21 and incident AF in a large
well-established multi-ethnic cohort. This will provide insights on whether FGF21 may play
arole in AF development and whether it could be used as a biomarker for predicting future
risk of AF.

2. Patients and methods

2.1. Study participants

The MESA is a longitudinal cohort of 6,814 men and women aged 45-84 years, and free of
clinically apparent CVD at baseline [11]. At baseline, none of the participants reported a
history of physician-diagnosed CVD, current AF, or had undergone procedures related to
CVD. Participants of four major ethnic groups (Caucasian, African American, Hispanic
American, and Chinese American) were recruited from six United States communities
between July 2000 and August 2002. After the baseline exam, participants attended up to
four additional clinic visits over a 10-year period. The study was approved by the
institutional review boards at all participating centers and informed written consent was
obtained from all participants. The study was performed in compliance with the principles of
the Declaration of Helsinki. Details of the study objectives, design, and protocol have been
described previously [11]. Among 6,814 participants at baseline, data on FGF21 levels were
available on 5,792 participants. After further excluding 59 participants with either a history
of AF at baseline or with AF detected by electrocardiogram at the baseline exam, and 4
participants with missing follow-up data for AF, a total of 5,729 participants were included
in this analysis.

2.2. Event ascertainment

At intervals of 9-12 months, a trained telephone interviewer contacted each participant to
inquire about all interim hospital admissions, cardiovascular outpatient diagnoses and
procedures, and deaths. Additional medical encounters were identified through follow-up
visits, participant call-ins, medical record abstractions, and obituaries. Copies of all death
certificates and medical records for all hospitalizations, and selected outpatient
cardiovascular diagnoses and procedures were requested to verify self-reported diagnoses.
Out of hospital cardiovascular deaths were identified through next of kin interviews.
Adjudicated coronary heart disease (CHD) end-points included myocardial infarction,
resuscitated cardiac arrest, angina, and CHD death.

Incident AF was ascertained from ICD-9 (International Classification of Diseases, Ninth
Revision) codes (427.31- AF and 427.32 - atrial flutter) assigned at hospital discharge
[12,13], an ICD-10 codes (148 - AF and atrial flutter) on the death certificate, or based on the
presence of AF detected by a 12-lead electrocardiogram conducted at the fifth study exam in
2010-2012. For participants older than 65 years of age who were enrolled in fee-for service
Medicare, claims data for inpatient and outpatient services were also used to ascertain the
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diagnosis of AF. Follow-up started from the baseline examination until death, loss to follow-
up, or 31 December 2014, whichever came first, with a median follow-up time of 12.9 years.

2.3. Laboratory measurement

Venous blood samples were collected after a 12-hour fast by certified technicians using
standardized venipuncture procedures. FGF21 levels were measured from stored plasma
samples obtained at the baseline exam using enzyme-linked immunosorbent assay kits from
the Antibody and Immunoassay Services, University of Hong Kong, Hong Kong
(www.antibody.hku.hk) as described previously [14,15]. Two in-house controls (high- and
low-level controls) were run in each assay. The intra-assay and inter-assay coefficients of
variation were <10%.

HDL cholesterol was measured using the cholesterol oxidase method (Roche Diagnostics,
Indianapolis, IN) after precipitation of non-HDL cholesterol (non-HDL-C) with magnesium/
dextran sulphate. Triglyceride concentrations were measured using a glycerol-blanked
enzymatic method with the Triglyceride GB reagent (Roche Diagnostics) on the Roche
COBAS FARA centrifugal analyzer. In plasma samples with a triglyceride value <400
mg/dl, LDL cholesterol was calculated using the Friedewald formula. LDL cholesterol data
were not available in plasma samples with a triglyceride value =400 mg/dl (n=68 out of
5,729 participants included in this analysis). High-sensitivity C-reactive protein (CRP),
fibrinogen, and interleukin-6 (IL-6) levels were measured in all participants at the baseline
exam as described previously [16]. Insulin resistance was estimated using the homeostasis
model assessment index (HOMAZ2-IR), according to the updated computer model as
described previously [17]. Serum creatinine was measured by rate reflectance
spectrophotometry using thin film adaptation of the creatine amidinohydrolase method on
the Vitros analyzer (Johnson & Johnson Clinical Diagnostics Inc, Rochester, NY). Estimated
glomerular filtration rate (eGFR) was calculated using the creatinine-based Chronic Kidney
Disease Epidemiology Collaboration equation [18]. Baseline NT-proBNP levels were
measured as described previously [19,20].

2.4. Other variables of interest

Information on age, ethnicity, education, health insurance, smoking, alcohol use, total gross
family income, physical activity, medical history and medication use were obtained using
standardized questionnaires. Body mass index (BMI) was measured as the weight in
kilograms divided by height in meters squared. A standard flexible tape measure was used to
measure hip and waist circumferences. Resting blood pressure (BP) was measured three
times in a seated position and the average of the last two BP readings was used in the
analysis. Hypertension was defined as BP=140/90 mmHg, previous diagnosis of
hypertension, or use of anti-hypertensive medications. Physical activity was measured as the
total number of hours of self-reported moderate and vigorous activity per week, multiplied
by metabolic equivalent (MET) level as described elsewhere [21]. Current alcohol use was
categorized based on the largest number of drinks per day in the past month into no or
moderate consumption (0-1 drinks/day for women and 0-2 drinks/day for men), high
consumption (2-3 drinks/day for women and 3-4 drinks/day for men) and heavy drinking
(=4 drinks/day for women and =5 drinks/day for men) as described previously [22]. The
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cardiac MRI variables, including left ventricular (LV) mass, LV end-diastolic volume and
ejection fraction, were measured as described previously [23].

2.5. Statistical analysis

3. Results

Data are presented as mean (standard deviation) or percentage (number). For variables with
a skewed distribution, data are presented as median (interquartile range). Comparison of
baseline clinical characteristics between participants with and without incident AF was
performed by independent chi-square test for categorical variables and #test for continuous
variables. For skewed variables, data were analyzed after natural log (In) transformation.

The association of baseline FGF21 levels (as a continuous variable) with incident AF events
was assessed using Cox proportional hazards regression analysis and hazard ratios were
estimated after adjusting for possible confounders. In model 1, the results were adjusted for
demographic data, including age, sex, and ethnicity. In model 2, data were further adjusted
for socioeconomic and lifestyle factors, including education, smoking, pack-years of
smoking, current alcohol use, health insurance and physical activity. In model 3, data were
further adjusted for traditional cardiovascular risk factors, including waist-to-hip ratio,
height, heart rate, diabetes, systolic BP, HOMA-IR, HDL cholesterol, LDL cholesterol,
triglycerides, eGFR, NT-proBNP, use of lipid-lowering medication, use of hypertensive
medication, and use of aspirin. In model 4, data were further adjusted for circulating
inflammatory markers, including CRP and IL-6. In model 5, data were further adjusted for
baseline MRI measures of LV structure and function, including LV mass, LV end-diastolic
volume, and LV ejection fraction. As plasma FGF21 levels and NT-proBNP levels were
highly skewed, data were In-transformed in the Cox regression analysis to prevent unstable
estimates of effects since extreme values may have undue influence on the estimate of the
regression coefficient. FGF21 in quartiles was also modeled in a separate analysis. Survivals
were estimated by the Kaplan-Meier method and compared by the log-rank test. The
proportional hazard assumption was checked by using Schoenfeld residuals. As reports have
shown ethnic differences in AF prevalence, sex differences in FGF21 levels, and a close
relationship of FGF21 levels with obesity, we also investigated whether there was an
interaction of effect by sex, race/ethnicity (Caucasian, African American, Hispanic
American, and Chinese American), and BMI (<25.0, 25.0-29.0, and =30.0 kg/m?). In a
separate analysis, a time-dependent Cox model was used to account for the possibility that
incident CHD might have been a confounder. A two-tailed p <0.05 was considered
statistically significant. Data analysis was performed using SPSS 24 (IBM, Armonk, NY) or
STATA 14.0 (StataCorp, College Station, TX).

Among the 5,729 participants, 778 participants developed incident AF over a median follow-
up period of 12.9 years. Table 1 shows the baseline characteristics of the participants with
and without incident AF. Compared to those who did not have incident AF, participants with
incident AF were more likely to be older, male, and Caucasian, with higher pack-years of
smoking, waist-to-hip ratio, height, prevalence of diabetes, systolic blood pressure, LV mass,
IL-6 and NT-proBNP levels, and lower eGFR. They were less likely to be ever smokers, be
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physically active and have health insurance, and used anti-hypertensive medication and
aspirin more often than those who did not have AF during follow-up. Although participants
with incident AF had lower LDL cholesterol levels than those without AF, they were more
likely to take lipid-lowering medications.

As shown in Table 1, plasma FGF21 levels at baseline were significantly higher in
participants with incident AF, compared to those without incident AF. Fig. 1 shows the
Kaplan-Meier cumulative curves for incident AF events over time across quartiles of FGF21
levels at baseline. Participants with higher quartile FGF21 levels at baseline had a higher
risk of incident AF (log-rank test p <0.001). However, as shown in Table 2, the association
of In-transformed FGF21 levels with incident AF was not significant after adjusting for
possible confounders, including demographic, socioeconomic and lifestyle factors,
traditional CVD risk factors, and circulating inflammatory markers (p=0.62, model 4).
Further adjustment for LV mass, LV end-diastolic volume, and LV ejection fraction resulted
in similar findings (p=0.59, model 5). Similar results were also obtained when FGF21 levels
were assessed as quartiles. In all these adjusted models, no significant interaction was found
with sex, race/ethnicity and BMI groups (all p>0.10, Supplementary Tables 1-3).

In a separate analysis, we assessed the relationship of baseline FGF21 levels with incident
AF events using time-dependent Cox regression model to further adjust for incident CHD
(Table 3). However, including incident CHD as a time-dependent covariate did not change
the findings for baseline FGF21 levels.

4. Discussion

With a sample size of 5,729 participants recruited from 6 communities across the United
States, this is the largest study on the relationship of FGF21 levels and AF. In the previous
reports, plasma FGF21 levels have been reported to be associated with CHD [24], carotid
atherosclerosis [25], and different cardiovascular risk factors, such as obesity, metabolic
syndrome, type 2 diabetes, hypertriglyceridemia, hyperinsulinemia, pericardial fat volume,
hypertension, and renal function [8,26-30]. In our previous study in patients with type 2
diabetes, elevated FGF21 levels were associated with incident total CVD events [15]. In a
previous small case-control study, FGF21 levels were reported to be elevated in AF, and
differed significantly across different AF types [9]. However, we did not observe a
significant association of FGF21 levels with incident AF in a multi-ethnic cohort of
participants who were apparently free of baseline CVD in this study.

Previous basic science studies have suggested a potential role of FGF21 in cardiac function
and pathogenesis of AF and other related CVD events. FGF21 is expressed and released by
cardiomyocytes [31]. It protects against cardiac hypertrophy in mice, and prevents the
production of reactive oxygen species in cardiac cells [31,32]. FGF21 can also ameliorate
ischaemia/reperfusion injury in rat cardiomyocytes by inhibiting oxidative stress and
inflammation, and improving energy supply [33]. An /n vivo mouse study revealed that
FGF21 secretion from hepatocytes and adipocytes was also increased in response to
myocardial ischaemia/reperfusion injury [34]. FGF21 binds to its receptor complex in
cardiomyocytes, protecting myocardial function by reducing caspase 3 activity, cell death,
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and myocardial infarction [34]. FGF21 also prevents atherosclerosis development in mice
[35]. In atheroscleratic rodent models, FGF21 administration can ameliorate dyslipidemia
and vascular atherosclerotic lesions, and reduce endoplasmic reticulum stress-mediated
apoptosis [36], and reactive oxygen species production [37]. These findings suggested a
protective role of FGF21 in cardiac hypertrophy, ischaemia/reperfusion injury in cardiac
surgery and atherosclerosis, all of which are associated with AF development [38-40].
Therefore, based on the animal data, the role of FGF21 in relation to AF in humans deserves
further study.

Although the present study did not demonstrate an association between baseline plasma
FGF21 levels and incident AF, both FGF21 levels and AF are associated with a number of
CVD risk factors. Current evidence supports the association between FGF21 levels and AF
in patients without other severe comorbidities [9], and patients with rheumatic heart disease
[10]. Furthermore, FGF21 might positively correlate with atrial fibrosis in AF patients with
rheumatic heart disease [10]. However, there are some limitations in these studies. Subjects
recruited in these studies were mainly Chinese and had a small sample size. The relationship
of FGF21 levels with AF may differ in people with and without rheumatic heart disease. The
cross-sectional study design also limits the assessment of a causal relationship between
FGF21 levels and AF. Our study has the advantage of making use of data with good quality
control as part of a large well-characterized sample of participants apparently free of clinical
CVD at the time of recruitment. The longitudinal study design of the MESA study also
allows the analysis of the temporal relationship between FGF21 levels and incident AF. The
long follow-up period of 12.9 years is also another strength of the study. However, there are
several limitations of our study. The major limitation is that FGF21 levels were assessed at
baseline only. Therefore, longitudinal analysis of the change in FGF21 levels is not possible.
Moreover, in this analysis, only circulating levels of FGF21 were measured, but not its local
expression in atrial tissues or other heart tissues. We could not exclude the possibility that
AF was under diagnosed in this study, especially for paroxysmal AF, as AF was not defined
by frequent or extended electrocardiographic monitoring.

The literature suggests that circulating FGF21 levels may be a potential biomarker for AF
that could be combined with other biomarkers to aid screening and risk stratification of
incident AF. However, our findings suggest that this may not be the case as baseline FGF21
levels were not predictive of incident AF in our study. Further studies are needed to elucidate
whether FGF21 has a role in AF development using other human populations, or animal
studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Previous small studies suggested FGF21 as a biomarker for atrial fibrillation.
. This study examined the relationship between FGF21 and incident AF.
. Among the 5,729 participants, 778 participants developed incident AF.

. Baseline FGF21 was not independently associated with incident AF.
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Kaplan-Meier curves for incident AF events across quartiles of FGF21 levels at baseline.
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Table 1

Baseline characteristics of participants with and without incident AF.

Characteristics n AF pt
Without (n=4951) With (n=778)
n
Age, years 5729 61.4 (10.1) 69.6 (7.8) <0.001
Women, % 5729 53.1 (2628) 45.4 (353) <0.001
Race/ethnicity, % - - - <0.001
Caucasian 2123 35.6 (1761) 465 (362) -
African American 1652 29.8 (1477) 22.5 (175) -
Hispanic American 1254 22.5 (1113) 18.1 (141) -
Chinese American 700 12.1 (600) 12.9 (100) -
Education, % - - - 0.21
<High school 1046 18.0 (886) 20.6 (160) -
High school 2389 42.0 (2073) 40.7 (316) -
>High school 2273 40.0 (1973) 38.7 (300) -
No health insurance, % 5709 9.4 (466) 5.4 (42) <0.001
Smoking, % - - - <0.001
Never 2874 50.9 (2511) 46.8 (363) -
Former 2112 36.1 (1779) 42.9 (333) -
Current 723 13.0 (643) 10.3 (80) -
Pack-years of smoking 5647 10.5 (19.6) 15.6 (25.4) <0.001
Current alcohol use, % - - - 0.23
No or moderate consumption 4075 71.4 (3509) 73.0 (566) -
High consumption 1075 18.8 (927) 19.1 (148) -
Heavy drinking 543 9.8 (482) 7.9 (61) -
Physical activity, MET-hours/weeks 5711 97.1 (98.5) 79.7 (82.3) <0.001
BMI, kg/m? 5729 28.3(5.4) 28.5 (5.6) 0.23
Waist-to-hip ratio 5729 0.93 (0.80) 0.95 (0.82) <0.001
Height, cm 5729 166.2 (9.93) 167.0 (10.7) 0.045
Heart rate, beats per minute 5686 63.1(9.5) 63.1(10.4) 0.98
Diabetes, % 5719 12.1 (597) 16.7 (130) <0.001
LDL cholesterol, mg/dL 5651 117.7 (31.5) 114.0 (31.2) 0.003
HDL cholesterol, mg/dL 5719 50.8 (14.8) 51.6 (15.3) 0.14
Triglycerides, mg/dLé 5722 111.0(77.0-162.0) 110.0 (76.0-154.0)  0.48
Lipid-lowering medication, % 5717 15.9 (783) 22.4 (174) <0.001
Systolic BP, mmHg 5727 125.8 (21.2) 1343 (22.2) <0.001
Diastolic BP, mm Hg 5727 72.0 (10.3) 72.4(10.3) 0.25
Anti-hypertensive medication, % 5727 35.2 (1,740) 52.1 (405) <0.001
Current aspirin use, % 5494 18.4 (871) 30.1 (226) <0.001
HOMA2-IR? 5703  0.93(0.67-1.39)  0.91(0.65-1.32)  0.49
eGFR, mL/min/1.73m? 5719 79.0 (16.1) 71.5(17.1) <0.001
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Characteristics n AF pt
Without (n=4951) With (n=778)
LV mass, g 4166 144.3 (38.7) 153.7 (44.0) <0.001
LV end-diastolic volume, mL 4166 125.8 (30.4) 127.5 (35.1) 0.29
LV ejection fraction, % 4166 69.0 (7.2) 69.0 (8.60) 0.97
CRP, mg/L@ 5696  1.90(0.83-4.22)  191(0.90-408)  0.35
IL-6, pg/mLa 5586  1.19 (0.77-1.88) 142 (0.91-2.17)  <0.001
NT-proBNP, pg/mL4 5722  48.4(22.1-954) 1045 (49.0-205.7) <0.001
5729 142.8(78.5-239.5) 166.0(93.9-283.0) <0.001

FGF21 levels, pg/mL?

Statistics are shown as mean (SD), percent (n), or median (interquartile range). Comparison of clinical characteristics was performed by t-test for
continuous variables and Chi-square test for categorical variables respectively.

a . .
p values were estimated using In-transformed data.
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Table 3
Association of baseline FGF21 levels with incident AF after further adjusting for incident
CHD event
FGF21 levels HR (95% ClI) p

In-transformed FGF21 level (per SD increase) 1.03 (0.92-1.15) 0.63
FGF21 quartile

1 1.00 (referent) -

2 0.90 (0.68-1.18) 0.44
3 0.96 (0.73-1.26) 0.76
4 1.03(0.78-1.35)  0.85
Overall p - 0.77

Data were adjusted for age, sex, ethnicity, education, smoking, pack-years of smoking, current alcohol use, health insurance, physical activity,
waist-to-hip ratio, height, heart rate, diabetes, systolic BP, HOMA-IR, HDL cholesterol, LDL cholesterol, triglycerides, eGFR, In-transformed NT-
proBNP, use of lipid-lowering medication, use of hypertensive medication, use of aspirin, CRP, IL-6, LV mass, LV end-diastolic volume, LV
ejection fraction, and incident CHD (as time-dependent variable).
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