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ABSTRACT

Purpose: Hypertensive patients are at increased risk of atrial fibrillation (AF).
Although low baseline high density lipoprotein (HDL) cholesterol has been associated
with a higher risk of AF, this has not been verified in recent population-based studies.
Whether changing levels of HDL over time are more strongly related to the risk of new
AF in hypertensive patients has not been examined.

Material and Methods: Incident AF was examined in relation to baseline and on-
treatment HDL levels in 8267 hypertensive patients with no history of AF, in sinus
rhythm on their baseline ECG, randomly assigned to losartan- or atenolol-based
treatment. HDL levels at baseline and each year of testing were categorized into
quartiles according to baseline HDL levels. Results: During 4.7+1.10 years of follow-
up, 645 patients (7.8%) developed new AF. In univariate Cox analyses, compared
with the highest quartile of HDL levels (>1.78 mmol/l), patients with on-treatment
HDL in the lowest quartile (<1.21 mmol/l) had a 53% greater risk of new AF. Patients
with on-treatment HDL in the 2" and 3" quartiles had intermediate increased risks of
AF. Baseline HDL in the lowest quartile was not a significant predictor of new AF
(HR 1.14, 95% CI1 0.90-1.43). In multivariable Cox analyses adjusting for multiple
baseline and time-varying covariates, the lowest quartile of on-treatment HDL
remained associated with a nearly 54% increased risk of new AF (HR 1.54 95% CI
1.16-2.05) whereas a baseline HDL <1.21 mmol/l was not predictive of new AF (HR
1.01, 95% CI 0.78-1.31). Conclusion: Lower on-treatment HDL is strongly associated
with risk of new AF. These findings suggest that serial assessment of HDL can
estimate AF risk better than baseline HDL in hypertensive patients with left ventricular
hypertrophy. Future studies may investigate whether therapies that increase HDL can

lower risk of developing AF.
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Introduction

Atrial fibrillation (AF) is a common arrhythmia [1,2] that is increasing in prevalence
[2]. The incidence of AF increases with age [1] and is increased in patients with heart
failure, left ventricular hypertrophy (LVVH), coronary heart disease and hypertension
[3-10]. The higher risk of death [3-5], sudden cardiac death [6], heart failure [5] and
stroke [3,7,8] in patients with AF and the substantial risks associated with
antithrombotic therapies aimed at decreasing the risk of embolic sequelae [11], make
prevention of new AF a major clinical and epidemiologic goal.

In addition to the traditional cardiac and non-cardiac conditions that predispose
to AF [1-10], there has been a growing appreciation of the potential relationship of
blood lipid levels to AF risk [12-20]. In contrast to the relationship of high levels of
total and low density lipoprotein (LDL) cholesterol to atherosclerosis and coronary
disease, high levels of LDL and total cholesterol have been associated with decreased
risk of AF in some, but not all, studies [15-20]. Although low levels of high density
lipoprotein (HDL) cholesterol have been associated with a higher risk of AF in some
analyses [12-15], this has not been born out or not examined in other studies [16-20].
However, HDL levels decrease with age and weight gain [21] and often in response to
increasing statin therapy. As a consequence, it is unclear if a single, baseline
measurement of HDL will best stratify AF risk or whether changing levels of HDL
over time would more strongly reflect the risk of AF. Therefore, the aim of the present
study was to compare the predictive value of baseline and on-treatment HDL levels for

development of AF. We also aimed to determine whether HDL remained associated
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with high risk of AF after multivariate adjusting for potential confounding effects of
various known risk factors for AF, effect of statin therapy, randomized study treatment
allocation, on-treatment non-HDL, systolic blood pressure, heart rate and ECG LVH

[3,9,22-23].

Material and methods

Data availability statement

The data that support the findings of this study are available from the corresponding
author, [S.E.K.], upon reasonable request.

Participants and treatment

The LIFE Study enrolled 9193 hypertensive patients with ECG LVH by Cornell
voltage-duration product and/or Sokolow-Lyon voltage criteria on a screening ECG in
a prospective, double-blind randomized study that compared CV morbidity and
mortality with use of losartan- as opposed to atenolol-based treatment, as previously
described in detail [3,9,22-24]. The study was approved by all ethics committees
concerned and all participants gave informed written consent. The 362 patients with a
history of AF or AF on their ECG at study baseline [3,9,22,23] and 564 additional
patients without AF who were missing baseline HDL levels were excluded, leaving
8267 patients who were at risk of developing new AF in the present post-hoc study.
The 564 patients with missing baseline HDL levels were similar to the 8267 patients
included in the study with respect to age, gender, randomized treatment allocation,

baseline systolic blood pressure and severity of ECG LVH by Cornell product criteria
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(data not shown).

Blinded treatment was begun with losartan 50 mg or atenolol 50 mg daily and
matching placebo of the other agent, with up-titration of study medication to 100 mg
and addition of HCTZ and other antihypertensive therapies to achieve a pressure of
<140/90 mm Hg as previously reported [24].

Electrocardiography and lipid measurements

Study ECGs were obtained at baseline, 6-months and yearly follow-up until study
termination or patient death and were interpreted as previously reported [3,9,22-24].
Cornell product >2,440 mmemsec or Sokolow-Lyon voltage >38 mm were used to
identify LVH [25,26].

Serum total cholesterol and HDL were measured in two central laboratories as
previously reported [27]. Low density lipoprotein cholesterol and triglycerides were
not measured. Non-HDL cholesterol was calculated as total cholesterol minus HDL.
Treatment of lipids was at the discretion of study investigators, but all treatment was
reported [27].

End point determination

New-onset AF was a pre-specified secondary endpoint in LIFE and was identified
from protocol-mandated in-study ECGs undergoing Minnesota coding at the ECG core
lab (n=370) and/or by adverse event reports of AF by the investigators (n=529) [23].
In patients who had new AF by both criteria, the earliest onset of AF was taken as the
time to new AF for this analysis.

Statistical analyses



Data management and analysis were performed with SPSS version 23.0 software.
Data are presented as mean+SD for continuous variables and proportions for
categorical variables. Differences in prevalences were compared using % analyses and
of mean values using analysis of variance when comparing across quartiles of HDL
and an unpaired t-test when comparing patients with and without new AF in
supplemental data analyses.

The relation of new-onset AF to HDL was assessed using Cox proportional
hazards models with patients categorized into quartiles according to HDL levels at
baseline; the risk of new AF was calculated comparing each of the first three quartiles
of HDL against the highest quartile of HDL. The predictive value of baseline HDL
was determined using baseline quartiles of HDL entered as standard covariates in the
Cox models; the predictive value of in-treatment levels of HDL was determined using
baseline and in-treatment quartiles of HDL entered as time-varying covariates.
Independence of the relationship of new-onset AF to baseline and on-treatment HDL
was evaluated in multivariable Cox models that adjusted for randomized treatment,
age, sex, race, prior antihypertensive treatment, history of Ml, ischemic heart disease,
heart failure, diabetes, baseline serum glucose and creatinine, and urine
albumin/creatinine ratio treated as standard covariates, and incident myocardial
infarction, incident heart failure, and on-treatment non-HDL cholesterol, heart rate,
Cornell product left ventricular hypertrophy, diastolic and systolic pressure, and statin
use treated as time-varying covariates. Baseline HDL was also included as a standard

covariate in the multivariable Cox analyses examining on-treatment HDL. Analyses



were also performed stratifying the population by sex, age, prior antihypertensive
treatment, race, randomized treatment allocation, and treatment with a statin at any
time during the study, using on-treatment HDL entered as a continuous variable for
simplicity of these analyses. For all tests, a two-tailed p-value < 0.05 was required for
statistical significance.

The relationship of incident AF over time to changing quartiles of HDL during
treatment was illustrated using a modified Kaplan-Meier method [28] implemented in
SAS release 8.2 on the WIN_PRO platform. Using this method, HDL quartile
assignment is updated each year and patients may be variably included in one curve or
another at different times during follow-up. These modified Kaplan-Meier curves

illustrate the results of time-varying covariate analyses.

Results

During mean follow-up of 4.7+1.2 years, new-onset AF developed in 645 patients
(7.8%). Demographic and clinical characteristics according to quartiles of HDL at
baseline are show in Table 1. Patients in the lowest quartile of baseline HDL were
younger, less likely to be female, more likely to have a history of diabetes, ischemic
heart disease, myocardial infarction, heart failure, peripheral vascular disease, and
prior antihypertensive treatment, and more likely to be a current smoker; they were
also more obese, had higher baseline serum glucose and creatinine levels, lower
baseline total and HDL cholesterol levels and higher urine albumin to creatinine ratios.

Demaographic and clinical characteristics of patients according to development of new
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AF are compared in Supplemental Table 1. As previously reported [9], patients who
developed AF were older, less likely to be female or black, more likely to have a
history of ischemic heart disease, myocardial infarction, heart failure, stroke and to
have prior antihypertensive treatment, had lower total cholesterol levels and higher
urine albumin to creatinine ratios.

Blood pressure and ECG LVH measurements at baseline and changes in these
measurements between baseline and last in-study determination or last measurement
prior to development of AF in relation to baseline quartiles of HDL are shown in Table
2. Patients in the lowest quartile of HDL had lower baseline systolic pressures and
both lower baseline and change in Sokolow-Lyon voltage; there were small differences
in baseline heart rate across quartiles with a trend towards higher heart rates in the
highest quartile of HDL. These measurements are compared according to development
of new AF in Supplemental Table 2. As previously reported [9], patients who
developed AF had higher baseline systolic pressures, Cornell product and Sokolow-
Lyon measures of LVH but lower baseline diastolic pressures and heart rates. Patients
who developed new AF had greater decreases in systolic pressure, but smaller
reductions in Cornell product and heart rate over time.

Changes in HDL at each year of treatment in relation to the development of
new AF are shown in Supplemental Table 3. Changes in HDL were similar between
groups at years 1 and 2, but from year 3 to year 5 development of new AF was
associated with greater mean decreases in HDL over time.

Because statin therapy has been implicated in the risk of developing AF [19],



the relationship of baseline and on-treatment statin use to development of AF is
examined in Supplemental Table 4. Statin therapy was relatively uncommon and
similar in patients with and without new AF at baseline and year-1 of the study,
became more common but similar between groups in years 2 to 4 and was slightly less
frequent among patients who developed new AF in year 5 of the study.

The relationship of new-onset AF to quartiles of HDL cholesterol levels at
baseline and during treatment is shown in Table 5 and Figure 1. In univariate Cox
analyses, compared with the highest quartile of HDL levels (HDL >1.78 mmol/l), on-
treatment HDL in the lowest quartile (<1.21 mmol/l) identified patients with a 53%
higher risk of new AF; patients with baseline or on-treatment HDL in the 2" and 3
quartiles had intermediate increased risk of AF. In multivariable Cox analyses, the risk
associated with being in the lowest quartile of on-treatment HDL was increased with
54% with intermediate increased risk of AF in the 2"4 and 3™ quartiles. In contrast,
baseline levels of HDL in the first quartile were not associated with an increased risk
of new AF in either univariate or multivariable Cox models (Table 5). Of note in a
parallel multivariable Cox model adjusting for the same variables, lower on-treatment
HDL treated as a continuous variable remained strongly associated with new-onset AF,
with each 1 SD of the baseline mean lower on-treatment HDL (0.44 mmol/l) associated
with a greater than 3-fold higher adjusted risk of new AF (HR 3.07, 95% CI 2.78-3.37,
p<0.001). On-treatment non-HDL cholesterol was not a significant predictor of new
AF either in univariate (HR 1.06, 95% CI 0.98-1.14) per 1 SD of baseline mean (1.10

mmol/l) or multivariable Cox models (HR 0.94, 95% CI 0.86-1.03). Although statin



use was associated with a statistically significant lower incidence of new AF in
univariate Cox analysis (HR 0.68, 95% CI 0.56-0.84, p<0.001), this association was no
longer significant after adjusting for other predictors of new AF in the full
multivariable model (HR 0.83, 95% CI 0.66-1.03, p=0.092). The association between
lower serum HDL and an increased risk of new AF was statistically similar in all

subsets of the population (Table 4).

Discussion

These findings demonstrate that lower on-treatment levels of HDL during
antihypertensive therapy are strongly associated with increased risk of new-onset atrial
fibrillation. In contrast, baseline levels of HDL were not associated with AF risk. The
increased risk of AF with lower on-treatment HDL levels was not attenuated in
multivariable models that adjusted for other known and potential risk factors for AF,
the possible impact of concurrent therapy with statins [19], and the previously
demonstrated relationship of AF incidence to losartan vs atenolol therapy, and to on-
treatment heart rate, systolic blood pressure and ECG LVH in this population
[3,9,22,23]. These findings support the value of serial measurement of HDL to better
estimate AF risk in hypertensive patients.

Prior work has found inconsistent relationships between HDL and the risk of
AF in a variety of populations and settings [12-20]. These findings [12-20] are
discussed in detail in the Online Supplement.

The predictive value of on-treatment HDL for new-onset AF was
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similar in all subgroups examined (Table 4). Particularly of note, lower on-treatment
HDL had statistically similar predictive value in groups defined by age, randomized
treatment allocation to either losartan or atenolol, and by race, despite the strong
association of lower age, losartan therapy and black race with lower AF incidence in
this population [3,29]. In addition, there was no significant interaction of on-treatment
HDL with statin use in this study, suggesting that neither the potential impact of statins
on HDL levels nor the possible relationship of incidence AF to statin use [13,30,31]
significantly contributes to the impact of low HDL on AF risk. Of note, the absence of
a significant relationship between non-randomized statin use and incident AF in the
current study supports previous findings among hypertensive patients in ALLHAT
randomized to pravastatin vs usual care [13] and the lack of a statin effect in a
collaborative meta-analysis of over 100,000 patients [31], but stands in contrast to the
27% decreased incidence of new AF among patients selected to have higher baseline
levels of inflammation on the basis of elevated C-reactive protein levels randomized to
rosuvastatin in a post-hoc analysis from the Justification for the Use of Statins in
Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) trial [31],
which may reflect more on the increased baseline inflammatory state of these patients.
There are a number of possible mechanisms via which low levels of HDL could
increase the risk of developing AF, potentially mediated via the decreased anti-
inflammatory effects of lower HDL levels [32]. There is increasing evidence that
inflammation may play a significant role in the initiation of AF [31,33-35] and that
patients with AF have increased levels of inflammatory markers, such as C-reactive
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protein (CRP) and interleukin-6 [33-35]. Supporting this hypothesis, comparison of 29
relatively young male patients with paroxysmal AF and 27 controls of similar age who
were referred for ablation of supraventricular tachycardia demonstrated that the AF
group had 16% lower HDL levels, higher CRP levels and higher levels of oxidized
species of and advanced glycated end products of all lipoproteins (33). Moreover,
among 17,120 participants in the JUPITER trial with no prior history of arrhythmia,
selected for underlying inflammation based on a baseline CRP >2.0 mg/L [31], each
increasing tertile of baseline CRP was associated with a 36% increased risk of incident
AF [31].

There are several other mechanisms by which the potential link between HDL
and, inflammation could increase AF risk [10,36-39]. These mechanisms [10,36-39]

are discussed in detail in the Online Supplement.

Study limitations

First, inclusion criteria of hypertension, age 55-80 years and ECG LVH by
either Cornell product or Sokolow-Lyon voltage increased the risk of new-onset AF in
the population; as a consequence, our findings may not be representative of other
lower-risk populations or representative for untreated hypertensive populations.

Second, the absence of measurements of CRP and other inflammatory markers
in the LIFE study does not allow determination whether on-treatment HDL levels
would remain predictive of AF after adjusting for the demonstrated predictive value of
elevated CRP for AF [31].
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Third, because incident AF was only ascertained on study ECGs and at study
visits [23], cases of paroxysmal AF may have been missed. However, missing some

AF endpoint would rather weaken than strengthen the type of findings we report.

Implications

Our findings suggest that monitoring HDL levels over time may provide important
insights into the risk of developing AF in middle-aged and elderly hypertensive
patients with ECG LVH. Perhaps greater attention should be placed on screening such
hypertensive patients with low HDL levels for incident AF, paroxysmal AF or high
risk of AF.

Further research may then be necessary to investigate whether low HDL levels are
solely a marker of increased inflammation and atrial arrhythmia frequency that
independently mediate the increased risk of AF in these patients. Future study may
also be of interest to determine whether therapies aimed at raising HDL levels could be

of clinical value in reducing the risk of AF.
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Figure legends

Figure 1. Survival curves illustrating the rate of new-onset atrial fibrillation in relation

to quartiles of on-treatment HDL cholesterol levels.
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Table 1. Study baseline demographic and clinical characteristics in relation to quartiles of high density lipoprotein (HDL) cholesterol

levels at baseline

Variables HDL <1.21 HDL 1.22-1.47 HDL 1.48-1.78 HDL >1.78 p-value
(n=2271) (n=2105) (n=1977) (n=1914)
Age (years) 66.4£7.0 66.6£6.9 66.9£7.0 67.31£7.1 <0.001
Sex (% female) 33.0 49.8 61.9 77.1 <0.001
Race (% Black) 5.9 5.5 6.8 5.5 0.292
Diabetes (%) 20.5 13.5 8.8 6.0 <0.001
History of ischemic heart disease (%) 20.4 16.5 12.7 10.6 <0.001
History of myocardial infarction (%) 8.6 6.8 4.4 3.2 <0.001
History of stroke (%) 4.7 4.4 3.7 3.6 0.228
History of heart failure (%) 2.2 1.3 1.2 1.0 0.003
History of peripheral vascular disease (%) 6.5 4.8 5.0 53 0.049
Current smoker (%) 18.4 15.7 15.0 16.4 0.016
Prior antihypertensive treatment (%) 75.6 714 72.6 67.1 <0.001
Randomized Treatment (% Losartan) 49.5 51.4 50.1 50.5 0.660
Body mass index (kg/m?) 29.2+4.6 28.4+4.6 27.8+4.9 26.4+4.7 <0.001
Serum glucose (mM) 6.59+2.67 6.06+2.23 5.72+1.69 5.52+1.67 <0.001
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Total cholesterol (mM)
HDL cholesterol (mM)
Creatinine (mg/mM)
UACR (mg/mM)

5.75%1.15 6.00+1.10
1.02+0.14 1.34+0.07
93.7+21.4 86.9+18.5
8.9+27.5 6.9+34.3

6.11+1.06
1.62+0.09

83.8+18.1
6.5+32.2

6.40+1.05
2.12+0.31

80.2+19.0
5.5+22.4

<0.001
<0.001
<0.001
0.003

HDL=high density lipoprotein; UACR=urine albumin/creatinine ratio
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Table 2. Study baseline and change from study baseline to last in-study measurement of blood pressure, electrocardiographic left
ventricular hypertrophy and heart rate in relation to quartiles of high density lipoprotein (HDL) cholesterol levels at baseline

Variables HDL <1.21 HDL 1.22-1.47 HDL 1.48-1.78 HDL >1.78 p-value
(n=2271) (n=2105) (n=1977) (n=1914)
Baseline Measurements
Systolic BP (mm Hg) 173.5+14.6 174.0+14.2 175.0+14.3 174.9+13.9 0.001
Diastolic BP (mm Hg) 97.519.1 97.8+8.7 97.9+8.7 98.0+8.6 0.301
Cornell product (mmemsec) 28371997 2841+1013 27944985 2800+£1087 0.317
Sokolow-Lyon voltage (mm) 29.4+10.4 29.3+10.3 30.2+10.3 31.0+£10.4 <0.001
Heart rate (bpm) 73.6+11.0 73.4+11.0 73.5+11.0 74.3+10.8 0.043
Change From Baseline to Last Measurement
Systolic BP (mm Hg) -29.4+19.5 -29.1+18.9 -29.9+19.4 -29.5+20.0 0.578
Diastolic BP (mm Hg) -17.5+10.4 -17.0+10.2 -16.8410.1 -17.1+10.2 0.135
Cornell product (mmemsec) -176+883 -211+814 -207+830 -210+860 0.460
Sokolow-Lyon voltage (mm) -3.6£7.3 -3.8£7.0 -3.847.2 -4.2+7.2 0.036
Heart rate (bpm) -5.5+12.7 -5.0£12.6 -4.7+12.9 -4.7+12.6 0.095

BP=blood pressure
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Table 3. Univariate and multivariable cox regression analyses to assess the relation of new onset atrial fibrillation to quartiles of

baseline and on-treatment HDL cholesterol levels

Analysis Hazard Ratios (95% Confidence Interval)
Quartile 1 Quartile 2 Quartile 3 Quartile 4
HDL <1.21 HDL 1.22-1.47 HDL 1.48-1.78 HDL >1.78
Univariate Cox Model
Baseline HDL 1.14 (0.90-1.43) 1.24 (0.99-1.56) 1.30 (1.04-1.63) 1
On-treatment HDL 1.53 (1.19-1.97) 1.35 (1.04-1.75) 1.27 (0.97-1.65) 1
Multivariable Cox Model*
Baseline HDL 1.01 (0.78-1.31 1.24 (0.97-1.58) 1.24 (0.97-1.57) 1
On-treatment HDL** 1.54 (1.16-2.05) 1.41 (1.07-1.85) 1.34 (1.02-1.76) 1

*randomized treatment, age, sex, race, prior antihypertensive treatment, history of Ml, ischemic heart disease, heart failure, diabetes,
baseline serum glucose and creatinine, and urine albumin/creatinine ratio treated as standard covariates, and incident myocardial
infarction, incident heart failure, and on-treatment non-HDL cholesterol, heart rate, Cornell product left ventricular hypertrophy,

diastolic and systolic pressure, and statin use treated as time-varying covariates
**also adjusted for baseline HDL cholesterol level
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Table 4. Multivariable Cox analyses to assess the predictive value of on-treatment HDL for new-onset atrial fibrillation in relevant

subgroups of the study population

Subgroup New Atrial Hazard Ratio* 95% CI p value for
Fibrillation interactiont
(n)
Sex 0.824
Female (n=4498) 315 3.00 2.64-3.41
Male (n=3769) 330 3.22 2.77-3.76
Age 0.338
<65 years (n=3209) 138 3.24 2.59-4.05
>65 years (n=5058) 507 3.10 2.78-3.46
Prior Antihypertensive Treatment 0.132
No (n=2326) 152 3.49 2.88-4.22
Yes (n=5941) 493 2.94 2.63-3.29
Race 0.899
White/other (n=7776) 624 3.06 2.77-3.38
Black (n=491) 21 2.67 1.47-4.25
Randomized Treatment 0.220

27



Atenolol (n=4105) 341 3.01 2.61-3.46
Losartan (n=4162) 304 3.14 2.74-3.59
Statin Treatment 0.992
No statin during the study (n=6239) 498 2.98 2.67-3.32
Statin treatment (n=2028) 147 3.54 2.81-4.46

*hazard ratio for each 1 SD of mean of baseline HDL (0.44 mmol/l) lower HDL entered as a continuous variable adjusted for same
covariates as in Table 3
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New Onset Afib (%)

No. at risk
HDL <1.21
HDL 1.22-1.47
HDL 1.48-1.78
HDL > 1.78

10

= HDL 1.48-1.78

= HDL<=1.21
- HDL 1.22-1.47

HDL > 1.78

2271
2104
1977
1913

2241
2073
1940
1866

12 24 36 48 60
Month

2835 3112 2674 2228 855

2053 2131 2213 2169 885

1740 1601 1698 1809 771

1382 957 958 1092 514
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