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Abstract

Background—Galectin 3 (Gal-3) is a potential mediator of cardiac fibrosis, and Gal-3

concentrations predict incident heart failure. The same mechanisms that lead to cardiac fibrosis in

heart failure may influence development of atrial fibrosis and atrial fibrillation (AF). We

examined the association of Gal-3 and incident AF in the community.

Methods—Plasma Gal-3 concentrations were measured in 3,306 participants of the Framingham

Offspring cohort who attended the sixth examination cycle (1995–1998, mean age 58 years, 54%

women). Cox proportional hazards regression models were used to assess the association of

baseline Gal-3 concentrations and incident AF.

Results—Over a median follow-up period of 10 years, 250 participants developed incident AF.

Crude incidence rates of AF by increasing sex-specific Gal-3 quartiles were 3.7%, 5.9%, 9.1%,

and 11.5% (log-rank test P < .0001). In age- and sex-adjusted analyses, each 1-SD increase in

loge-Gal-3 was associated with a 19% increased hazard of incident AF (hazard ratio 1.19, 95% CI
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1.05–1.36, P = .009). This association was not significant after adjustment for traditional clinical

AF risk factors (hazard ratio 1.12, 95% CI 0.98–1.28, P = .10).

Conclusion—Higher circulating Gal-3 concentrations were associated with increased risk of

developing AF over the subsequent 10 years in age- and sex-adjusted analyses but not after

accounting for other traditional clinical AF risk factors. Our results do not support a role for Gal-3

in AF risk prediction. Further studies are needed to evaluate whether Gal-3 plays a role in the

development of AF substrate similar to HF.

Background

Atrial fibrillation (AF) affects up to 6.1 million adults in the United States, and the lifetime

risk of developing AF is approximately 1 in 4 at age 40 years.1 Atrial fibrillation is closely

linked to several cardiovascular sequelae, including mortality, stroke, and heart failure

(HF).2 Specifically, AF often precedes or follows the development of HF, and the effects of

AF and HF in combination yield a particularly adverse prognosis.3 Pathophysiological

mechanisms active in cardiac remodeling and HF also underlie atrial structural

remodeling.4,5 In particular, atrial interstitial fibrosis appears to be a key contributor to AF

substrate.6,7 Furthermore, the extent of atrial fibrosis appears to predict clinical response to

AF ablation.8 The exact pathways leading to atrial fibrosis remain unknown, but some

studies have shown involvement of the renin-angiotensin axis9 and transforming growth

factor (TGF) β1, a key factor in the development of myocardial fibrosis.10

Galectin 3 (Gal-3) is a β-galactoside–binding lectin that appears to play an important

regulatory role in fibrosis and inflammation.11 In experimental studies, Gal-3 was a central

component in the development of myocardial and vascular fibrosis,12,13 likely by activating

TGF-β–mediated myofibroblast activation and stimulating matrix production.14,15 In human

studies, circulating Gal-3 concentrations predicted incident HF in the community16 and

increased mortality in individuals with existing HF17 and in the general population.18

The role of Gal-3 in the development of AF has not been studied. Based on the central role

of Gal-3 in the development of cardiac fibrosis, we sought to examine the association of

circulating Gal-3 concentrations and incident AF in a large well-characterized community-

based sample and to estimate reference limits in an apparently healthy sample. We

hypothesized that elevated Gal-3 concentrations would predict incident AF events in

participants of the Framingham Heart Study accounting for standard AF risk factors. These

findings may lend further insights into underlying mechanisms of AF and HF as intertwined

clinical entities.

Methods

Participants

The Framingham Offspring cohort includes the children (and their spouses) of the original

Framingham Heart Study cohort participants. Since its inception in 1971, the Offspring

cohort has undergone serial examinations and medical histories.19 Participants attending the

sixth examination cycle (1995–1998) were included in this study. There were 3,450 eligible

participants, of whom 3,306 were analyzed: 144 participants were excluded due to missing
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Gal-3 measurements (n = 2), prevalent AF (n = 106), extreme Gal-3 outliers (>5 loge-SDs

above or below the loge-transformed mean, n = 5), missing clinical covariates (n = 22), or no

follow-up (n = 9). Participants were followed up until first AF event, death, or last contact

up to a maximum of 10 years after baseline examination. The study was approved by the

Institutional Review Board of Boston University Medical Center, and all participants

provided informed consent.

Biomarker measurement

After an overnight fast, blood samples were collected and immediately centrifuged and

stored at −80°C until assayed. Galectin 3 concentrations were measured in plasma using an

enzyme-linked immunosorbent assay (BG Medicine, Waltham, MA).20 The assay had a

lower detection limit of 1.32 ng/mL with an upper detection limit of 96.6 ng/mL, with

within-run and total precision between 2.1% to 5.7% and 4.2% to 12.0% across this

measurement range, respectively.20 B-type natriuretic peptide (BNP) and C-reactive protein

(CRP) were measured previously.21,22

Clinical assessment

Participants had a comprehensive clinical examination at the study visit. Resting seated

blood pressure was obtained manually by a physician and averaged over 2 measurements.

Current smoking was defined as smoking 1 or more cigarettes per day in the year before the

study visit. Diabetes mellitus was defined as a fasting glucose ≥126 mg/dL, nonfasting

glucose ≥200 mg/dL, or the use of insulin or oral hypoglycemic medications. A significant

heart murmur was defined as a systolic murmur ≥grade 3/6 or any diastolic murmur. Body

mass index was calculated as weight divided by height squared (kilograms per square

meter), and obesity was defined as body mass index >30 kg/m2. Heavy alcohol use was

defined as ≥14 drinks per week in men and ≥7 drinks per week in women. Estimated

glomerular filtration rate (eGFR) was calculated according to the Modification of Diet in

Renal Disease equation,23 and chronic kidney disease was defined as an eGFR <60 mL/min

per 1.73 m2.

Definition of incident AF

At each follow-up examination and biennial health questionnaire update, interim

cardiovascular disease events were identified, and medical records were obtained. Atrial

fibrillation was diagnosed by a reviewing cardiologist if either atrial flutter or AF were

present on any electrocardiograms after review of all available electrocardiograms

performed at the study visit, outpatient or inpatient medical visits, or during Holter monitor

studies. All cardiovascular events were adjudicated by a 3-investigator panel after review of

medical records; history of HF and myocardial infarction were adjudicated using established

criteria.24

Echocardiographic methods

A total of 2,321 participants included in this analysis also had routine M-mode and 2-

dimensional echocardiography.25 Left ventricular (LV) end-diastolic dimension (LVDD),

LV end-systolic dimension, left atrial end-systolic diameter, and end-diastolic LV septal and
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posterior wall thicknesses were measured according to American Society of

Echocardiography guidelines.26 Left ventricular wall thickness was defined as the sum of

end-diastolic LV septal and posterior wall thicknesses. Fractional shortening was calculated

as [(LVDD − LV end-systolic dimension)/LVDD] × 100. Analyses were adjusted for height

and weight as described below. Detailed echocardiographic protocols and quality metrics

have previously been summarized.27

Statistical analysis

Baseline clinical characteristics were summarized for all participants. Because of right-

skewed distributions, Gal-3, BNP, and CRP levels were natural log transformed for

subsequent analyses. To establish reference limits for Gal-3 concentrations, a subset of

healthy participants was selected after exclusion of people with any comorbid conditions

(hypertension, cardiovascular disease, obesity, current smoking, diabetes mellitus, chronic

kidney disease, abnormal LV function on echocardiography [defined as fractional shortening

<0.30 or mild to moderate or greater LV systolic dysfunction], and significant heart

murmur). Quantile regression28 was used to obtain age-and sex-specific 90th percentiles of

Gal-3 concentrations, the reference limits for this sample.

Crude AF incidence rates were estimated in sex-specific Gal-3 quartiles. Kaplan-Meier

estimates were generated, and the log-rank test was used for hypothesis testing. The relation

of incident AF with Gal-3 was examined using Cox proportional hazards regression models,

first adjusting for age and sex and also adjusting for height, weight, systolic and diastolic

blood pressures, antihypertensive medication use, diabetes mellitus, smoking status, history

of myocardial infarction, and HF. These covariates were selected based on a prior study,

which examined and replicated a risk prediction model for AF using 5 epidemiological

cohorts.29 In secondary analyses, we further adjusted for heavy alcohol use, other

biomarkers (BNP and CRP), and baseline echocardiographic variables—left atrial

dimension, LV fractional shortening, and the sum of LV septal and posterior wall

thicknesses.30 Furthermore, interim HF (a time-dependent variable) was included in

secondary analyses. We additionally adjusted for history of stroke, transient ischemic attack,

and vascular disease including claudication and examined stratified analyses based on eGFR

groups (≥90, 60–89, and <60 mL/min per 1.73 m2) in secondary analyses. Sensitivity

analyses were performed, excluding participants with prevalent HF and prevalent chronic

kidney disease. We tested for age and sex interaction terms. A post hoc power calculation

determined the effect size detectable with 80% power and α of .05.

To assess the incremental benefit of Gal-3 in the prediction of AF, the c statistic was

compared between multivariable-adjusted models with and without Gal-3. We also

computed the Integrated Discrimination Improvement (IDI) and the category-free Net

Reclassification Improvement (NRI) metric for the addition of Gal-3 in models containing

traditional clinical risk factors of AF development.31,32 Statistical analyses were conducted

using SAS version 9.2 for Windows. Results were considered significant when 2-sided P < .

05.
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Results

The baseline clinical characteristics of 3,306 study participants are displayed in Table I. The

mean age was 58 years, and 54% of participants were women. The median Gal-3

concentration in our sample was 13.7 ng/mL (25th and 75th percentiles 11.6 and 16.3,

respectively). Participants who later developed AF had baseline Gal-3 concentrations of 15.0

ng/mL (25th and 75th percentiles 12.6 and 17.2).

Reference limits of Gal-3 in a healthy sample

After exclusion of participants with any comorbid conditions, 1,072 healthy participants

were retained to derive Gal-3 reference limits. The age- and sex-specific 90th percentiles are

displayed in Table II. Median Gal-3 concentrations by quartile varied from 10.7 to 15.5

ng/dL in men and 11.3 to 16.2 ng/dL in women.

Association of incident AF with Gal-3

Over a median follow-up time of 10 years, 250 participants (7.6%) developed incident AF.

Crude incidence rates of AF by sex-specific Gal-3 quartile were 3.7% in quartile 1, 5.9% in

quartile 2, 9.1% in quartile 3, and 11.5% in quartile 4. Cumulative incidence curves in the

Figure demonstrate increasing risk of AF with increasing Gal-3 quartiles (P < .0001). In

age- and sex-adjusted analyses, each 1-SD increase in loge-Gal-3 was associated with a 19%

increased hazard of incident AF (hazard ratio [HR] 1.19, 95% CI 1.05–1.36, P = .009)

(Table III). This association was not significant after adjustment for traditional clinical AF

risk factors (HR 1.12, 95% CI 0.98–1.28, P = .10).

Secondary analyses

The effect estimate of Gal-3 remained stable after additional adjustment for heavy alcohol

use, eGFR, biomarkers (BNP and CRP), and echocardiographic variables—left atrial end-

systolic diameter, LV wall thickness, fractional shortening—(HR 1.14, 95% CI 0.95–1.36, P

= .16) and accounting for interim HF (HR 1.12, 95% CI 0.99–1.28, P = .08). Results were

not materially different after additional adjustment for the use of lipid-lowering medication

or aspirin at baseline (online Appendix Supplementary Table I). Furthermore, adjustment for

history of stroke, transient ischemic attack, and vascular disease did not appreciably change

results (online Appendix Supplementary Table I). The association of Gal-3 and AF was not

significant within eGFR subgroups (≥90, 60–89, and <60 mL/min per 1.73 m2) (online

Appendix Supplementary Table II). After excluding participants with prevalent HF and

chronic kidney disease, there was no significant association of Gal-3 and incident AF (HR
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1.09, 95% CI 0.94–1.28, P = .26). We had 80% power to detect an multivariable-adjusted

HR of ≥1.21 per 1-SD increase in log-Gal-3 at significance level 0.05.

Performance of Gal-3 as a biomarker

When added to the clinical model for AF, Gal-3 did not substantially increase the c statistic

(0.781–0.782), and there were negligible changes in the IDI, relative IDI, category-free NRI,

and category-based NRI (online Appendix Supplementary Table III).

Discussion

We found that higher circulating Gal-3 concentrations were associated with increased risk of

developing AF over the subsequent 10 years in age- and sex-adjusted analyses. However,

this association was no longer significant after adjusting for clinical risk factors that

previously have been demonstrated to predict AF risk.29 Our study may have had limited

power to detect a modest association of Gal-3 and AF, but our results do not support a useful

role for Gal-3 in AF risk prediction. However, the association of Gal-3 and incident AF in

age- and sex-adjusted analyses is interesting nonetheless and suggests that common

mechanisms may be at play in the development of AF and HF.

Atrial fibrosis appears to be a key contributor in the development of AF and can occur in

overall cardiac remodeling seen in HF.6 The exact mechanisms of atrial interstitial fibrosis

are unclear but may involve activation of fibrotic pathways via the renin-angiotensin

system9 and TGF-β110 as well as inflammatory and oxidative stress pathways.35 Data on

circulating fibrosis markers and AF are limited; however, markers of collagen turnover are

associated with type and duration of AF36 and were associated with postsurgical AF37 and

AF recurrence after ablation.38

Galectin 3 is a β-galactoside–binding lectin that appears to play an important role in a

number of fibrotic conditions, including cardiac fibrosis.12 In experimental studies, Gal-3

expression is up-regulated in HF-prone hearts, where it induces fibroblast proliferation and

type I fibrillar collagen production.12 In clinical studies, elevated Gal-3 concentrations have

been associated with cardiac remodeling and adverse prognosis in individuals with existing

HF17 and predict incident HF in ostensibly healthy community-dwelling adults.16 Moreover,

pharmacologic inhibition of Gal-3 has been shown to attenuate cardiac fibrosis and

remodeling and prevented the development of HF in animal studies.39 Taken together, these

data suggest that Gal-3 may be a potential pathway that could be targeted

pharmacologically, to alter mechanisms driving cardiac fibrosis.

Although our results do not suggest utility for Gal-3 as a biomarker in AF risk prediction

based on performance metrics, we believe that the association of Gal-3 and AF found in age-

and sex-adjusted analyses is still notable. Galectin 3 was previously associated with

hypertension, age, body mass index, renal function, and prior cardiovascular disease in our

population.16 We speculate that circulating Gal-3 concentrations may reflect an underlying

fibrotic process that might lead to a number of cardiovascular effects, and thus, it would be

expected that the association of Gal-3 and AF might be attenuated after adjustment for other

clinical variables. In this case, we believe that biomarkers that lend biological insights can
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be useful beyond risk prediction, particularly if a potential therapeutic target can be

identified, as is the case with Gal-3. In this regard, future studies are needed to further

elucidate the potential role of Gal-3 in AF. It may be that serial measurements of Gal-3

could be more informative in predicting AF risk over the long term.

Several limitations deserve mention. Circulating Gal-3 concentrations are not specific to the

cardiovascular system and could potentially reflect other fibrotic conditions, which may

have limited our ability to detect an association. As such, it may be possible that Gal-3 is

increased in noncardiovascular fibrotic conditions, which, in turn, may increase risk of AF.

Given that ours was an observational study, such causal effects cannot be inferred from this

analysis. Our study may not have been powered to detect a modest effect size as

demonstrated by our post hoc power calculation, given an ambulatory community-based

sample with very few prevalent HF cases. Furthermore, our study may be subject to

ascertainment bias, in that paroxysmal AF was probably less well assessed compared with

permanent AF. Echocardiographic measures were obtained using M-mode, and volumetric

data were not available. Our study was done using a single Gal-3 measurement, and it may

be that Gal-3 trajectory or repeat measures may be more informative. Lastly, generalizability

to other populations is limited given a predominantly white middle-aged to older study

sample.

In summary, we found that higher circulating Gal-3 concentrations were not associated with

increased risk of developing AF over the subsequent 10 years after accounting for traditional

clinical risk factors for AF development. These results do not support a useful role for Gal-3

in AF risk prediction. Future studies are needed to further clarify the role of Gal-3 in AF,

particularly in populations with existing HF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure.
Cumulative incidence of AF by Gal-3 quartiles (log-rank P < .0001). Sex-specific quartile cutoffs are as follows for men: Q1,

3.9 to 11.0 ng/mL; Q2, 11.1 to 12.9 ng/mL; Q3, 13.0 to 15.3 ng/mL; Q4, 15.3 to 54.6 ng/mL; and for women: Q1, 5.0 to 11.9

ng/mL; Q2, 11.9 to 14.2 ng/mL; Q3, 14.3 to 16.8 ng/mL; Q4, 16.9 to 53.0 ng/mL.
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Table I

Baseline characteristics of 3,306 Framingham Heart Study participants

No AF (n = 3056) Incident AF (n = 250)

Clinical characteristics

 Age, y 58 (9) 66 (9)

 Women, n (%) 1679 (55) 102 (41)

 Height, cm 167 (9) 168 (10)

 Weight, kg 78 (17) 82 (19)

 Systolic blood pressure, mm Hg 128 (18) 136 (21)

 Diastolic blood pressure, mm Hg 76 (9) 74 (11)

 Diabetes mellitus, n (%) 257 (8) 52 (21)

 Prevalent myocardial infarction, n (%) 92 (3) 26 (10)

 Prevalent HF, n (%) 13 (0.4) 7 (2.8)

 Current smoker, n (%) 470 (15) 41 (16)

 Heavy alcohol use, n (%) 46 (1.5) 5 (2.0)

 Chronic kidney disease, n (%) 239 (8) 33 (13)

 Nonskin cancer, n (%) 215 (7) 27 (11)

 Antihypertensive treatment, n (%) 773 (25) 132 (53)

 Lipid-lowering medication, n (%) 362 (12) 45 (18)

 Aspirin use, n (%) 812 (27) 122 (49)

 Vital capacity, L 3.8 (1.0) 3.6 (1.0)

Laboratory characteristics, median (25th, 75th percentile)

 Gal-3, ng/mL 13.6 (11.5, 16.2) 15.0 (12.6, 17.2)

 BNP, pg/mL 7.6 (4.0, 16.6) 22.1 (8.8, 47.5)

 CRP, mg/L 2.0 (0.9, 4.6) 2.9 (1.3, 6.5)

 eGFR, mL/min per 1.73 m2 85 (73, 99) 81 (68, 93)

Risk scores

 CHADS2 score* 0.54 (0.71) 1.18 (0.87)

 CHA2DS-2VASc score† 1.42 (1.20) 2.49 (1.59)

Data shown are means (SD) unless otherwise specified.

*
CHADS2 score33: 1 point each for history of HF, hypertension, age ≥75 years, diabetes, history of stroke, or transient ischemic attack.

†
CHA2DS-2VASc score34: 1 point each for history of HF, hypertension, age 65 to 74 years, diabetes, vascular disease, female sex, and 2 points

each for age ≥75 years, stroke, or transient ischemic attack.
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Table II

Reference limits of Gal-3 in healthy subset of participants (n = 1,072)

Age group (y)

Gal-3 concentration (ng/mL)

10th percentile 50th percentile 90th percentile

Men 40 8.15 10.74 14.55

50 8.83 11.77 15.58

60 9.57 12.88 16.70

70 10.36 14.11 17.89

80 11.23 15.45 19.16

Women 40 8.83 11.28 16.11

50 9.57 12.35 17.26

60 10.37 13.52 18.49

70 11.23 14.80 19.81

80 12.17 16.21 21.22
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Table III

Association of Gal-3 and incident AF

Model HR (95% CI) P

Age and sex adjusted 1.19 (1.05–1.36) .009

Age, sex, and clinical risk factors* 1.12 (0.98–1.28) .10

Age, sex, clinical risk factors, interim HF 1.12 (0.99–1.28) .08

Age, sex, clinical risk factors, alcohol, eGFR, BNP, CRP, echocardiographic parameters† 1.13 (0.95–1.36) .16

Hazard ratio is per 1-SD increase in loge-Gal-3.

*
Clinical risk factors included height, weight, systolic and diastolic blood pressures, diabetes mellitus, smoking status, history of HF, and history of

myocardial infarction.

†
Echocardiographic parameters included left atrial dimension, fractional shortening, and LV wall thickness.
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