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ABSTRACT

Aims: Atrial fibrillation (AF) is associated with increased cardiovascular risk and the 

incidence increases with age, hypertension and left ventricular hypertrophy (LVH). Reducing 

in-treatment systolic blood pressure (SBP) prevents new-onset AF but has previously not 

been studied in patients with isolated systolic hypertension (ISH). We aimed to investigate 

the effect on preventing new-onset AF by decreased in-treatment SBP in patients with ISH 

compared to patients with non-ISH.

Methods and results: Double-blind, randomized, parallel-group study of 1,320 patients with 

ISH and electrocardiographic (ECG) LVH, included among the 9,193 patients in the Losartan 

Intervention For Endpoint reduction in hypertension (LIFE) study. Annual ECGs were 

Minnesota coded centrally, and new-onset AF were evaluated in 1,248 ISH patients and 

compared with 7,583 non-ISH patients during mean 4.8 ± 0.9 years follow-up. Cox 

regression analyses were used to assess the effect of reduced in-treatment SBP. New-onset 

AF occurred in 61 (4.9%) ISH patients and 292 (3.9%) non-ISH patients. In multivariate 

analysis lower in-treatment SBP was associated with 17% risk reduction (p=0.008) for new-

onset AF in ISH patients and 9% risk reduction (p=0.006) in non-ISH patients per 10 mmHg 

decrease in in-treatment SBP, independent of treatment modality, baseline risk factors, 

baseline SBP and in-treatment heart rate and ECG-LVH. There was a significant interaction 

(p=0.041) in favor of SBP reduction and AF prevention in ISH vs. non-ISH patients. 

Conclusion: Our data suggest that the effect of in-treatment SBP reduction in preventing 

new-onset AF is stronger in ISH compared to non-ISH patients with hypertension and ECG-

LVH. However, the principal findings were the same in ISH and non-ISH patients.
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Introduction

Isolated systolic hypertension (ISH), usually the most common form of hypertension in the 

elderly, is associated with increased risk of cardiovascular morbidity and mortality compared 

to systolic-diastolic and isolated diastolic (non-ISH) hypertension [1,2], and antihypertensive 

treatment is efficacious in preventing stroke and myocardial infarction in ISH patients [3].

The Losartan Intervention For Endpoint reduction in hypertension (LIFE) study comprised of 

9,193 patients aged 55–80 yrs., with hypertension and electrocardiographic left ventricular 

hypertrophy (ECG-LVH), followed for 4.8 ± 0.9 yrs. who were randomized to losartan vs. 

atenolol targeting systolic blood pressure (SBP) <140 mmHg [41].  Losartan reduced new-

onset atrial fibrillation (AF), a secondary endpoint and subsequent stroke compared to 

atenolol [52] and lower Cornell product and lower heart rate over time were associated with 

less new-onset AF [63,74].

Isolated systolic hypertension (ISH), usually the most common form of hypertension in the 

elderly, is associated with increased risk of cardiovascular morbidity and mortality compared 

to systolic-diastolic and isolated diastolic (non-ISH) hypertension [5,6], and antihypertensive 

treatment is efficacious in preventing stroke and myocardial infarction in ISH patients [7]. 

Patients with ISH comprised a pre-specified subgroup of special interest in the LIFE Study 

[8]. We have shown that the LIFE patients with ISH benefitted from regression of LVH in 

response to the antihypertensive treatment [9,10] and that pulse pressure at baseline and 

during treatment were predictors of incident AF [11]. Whether lower in-treatment SBP is 

associated with less AF in patients with ISH and ECG-LVH has, however, not been 

specifically investigated.

Based on the benefit of LVH regression in preventing incident AF [3], the benefit in the ISH 
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patients of regression of LVH on endpoint protection [9,10] and the association between 

lower pulse pressure during treatment and incident AF [11], we hypothesized and 

investigated whether patients with ISH would benefit from the antihypertensive treatment in 

preventing AF compared to non-ISH patients who participated in the LIFE study. Competing 

risk was additionally analyzed with incident AF and mortality as a combined endpoint.

Material and methods

Participants and study design

As described in detail elsewhere [1, 12-14], the LIFE study enrolled patients with 

hypertension having ECG-LVH determined by Cornell voltage-duration product [15-17] 

and/or Sokolow-Lyon voltage criteria [18] on a screening ECG in a prospective, double-blind, 

randomized, parallel group study large enough (n=9,193) to have sufficient power (80%) to 

detect a difference of at least 15% in the incidence of combined cardiovascular morbidity and 

mortality with use of losartan as opposed to atenolol. The primary end point was a composite 

of cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke, and investigator 

reported end points were verified by an expert end point committee. Patients included were 

men and women aged 55 to 80 years with previously untreated or treated essential 

hypertension with mean seated BP in the range of 160 to 205 mmHg systolic, or 95 to 115 

mmHg diastolic, or both, after 1 to 2 weeks of receiving placebo and who had not experienced 

a myocardial infarction or stroke within 6 months and did not require treatment with a β–

blocker, angiotensin-converting enzyme inhibitor, or angiotensin-receptor blocker. The trial 

protocol was approved by all ethics committees concerned, was overseen by an independent 

data and safety monitoring board and all patients gave written informed consent. Targeting a 

BP of 140/90 mmHg or lower, double-blind treatment was initiated with losartan, 50 mg, or 

atenolol, 50 mg, daily and matching placebo of the other agent. Study therapy was up-titrated 
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by addition of hydrochlorothiazide, 12.5 mg, followed by increase in blinded losartan or 

atenolol to 100 mg/day. If this regimen was not sufficient to reach the target BP, additional 

open-label upward titration of hydrochlorothiazide and institution of therapy with in most 

cases calcium channel blocker or additional other medication (excluding β–blockers, 

angiotensin-converting enzyme inhibitors, and angiotensin-receptor blockers) was added to 

the treatment regimen [12].

A total of 8,831 patients with neither a history of AF or AF on their baseline ECG 

were included in the present study. Of these, 1,248 patients (14.1%) had ISH, a priori defined 

as systolic BP of 160 to 205 mmHg and diastolic BP <90 mmHg [8] and 7,583 (85.9%) had 

non-ISH. Characteristics of ISH patients are presented in Table 1. Characteristics of the non-

ISH patients have been previously published [9,10].

Electrocardiography and endpoint determination

ECGs were obtained at study baseline, at 6 months, and at yearly follow-up intervals until study 

termination or patient death as previously reported in detail [2-4]. New-onset AF was a pre-

specified secondary endpoint and was identified by Minnesota coding of annual in-study ECGs 

at the core laboratory at Sahlgrenska University Hospital/Östra, Göteborg, Sweden [2,12] by 

experienced readers blinded to clinical information. 

Statistical analyses

Data management and statistical analyses were performed by the investigators with SPSS 

version 22.0 (IBM, Inc, Armonk, NY). Data are presented as mean (SD) for continuous 

variables and as proportions for categorical variables. Differences in prevalences were 

compared using χ2 analyses, and differences in mean values were compared using 

independent-samples t-tests.  Associations between SBP during antihypertensive therapy and 

the occurrence of new-onset AF were analyzed using Cox proportional hazard models [19,20] 

and based on the intention-to-treat principle. Univariate Cox regression analyses were 

Page 5 of 27

URL: http://mc.manuscriptcentral.com/bloodpressure  Email: IBLO-peerreview@journals.tandf.co.uk

Blood Pressure

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

6

performed initially to identify important and significant background predictors of AF in the 

ISH population. The final multivariate models included significant univariate predictors that 

remained significant in multivariate analyses by using stepwise forward regression. The final 

model could not include too many predictors due to the number of new-onset atrial fibrillation 

events. Therefore, Framingham risk score was used to adjust for several cardiovascular risk 

factors in aone propensity score. Baseline and subsequent determinations of SBP were entered 

as a time-varying covariate in the Cox models. History of coronary heart disease was entered 

as a standard covariate as it has previously been shown to predict atrial fibrillation [52]. The 

same multivariate models were used on both ISH and non-ISH patients. for the purpose of 

comparison. In Model 1, in-treatment SBP was adjusted for a treatment group indicator 

entered as a standard covariate to account for possible effects of treatment with losartan vs. 

atenolol, and Framingham risk score and history of coronary heart disease included as 

standard covariates, and in-treatment heart rate and in-treatment ECG-LVH determined by 

Cornell voltage-duration product entered as time-varying covariates. In Model 2, in-treatment 

SBP was adjusted for baseline SBP, in addition to the above-mentioned predictors in Model 1. 

The hazard ratios (HRs) for incident AF were computed for 10 mmHg decrements of in-

treatment SBP treated as a continuous variable. The 95% confidence intervals (CI) of HRs 

were calculated from the estimated coefficients and their standard errors [21], and Wald χ2 

statistics and probability values were calculated. In parallel analyses competing risk was 

analyzed with incident AF and mortality as a combined endpoint and adjusted for the same 

variables as in Model 2 in Table 3. In order to test if the effect of reduced SBP on reduced 

incident AF was significantly different in ISH patients compared to non-ISH patients, 

interaction analyses were performed using Cox proportional hazard models with all patients 

and entering ISH status as a categorical covariate and in-treatment SBP as a time-varying 

covariate and the cross-product of ISH status and time-varying SBP. The P value of this 
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interaction cross-product was used to determine if there was a quantitative interaction, i.e. 

whether ISH increased or decreased the outcome effect of the reduction in SBP. A two tailed 

P value of <0.05 was required for statistical significance. All study data reside in a database 

with the authors.

Results

New-onset AF occurred in 61 patients (4.9 %) of 1,248 patients with ISH during the 4.8 ± 0.9 

yrs. of mean follow-up (Fig. 1). The patients with incident AF were slightly older than those 

who remained in sinus rhythm, and fewer were treated with losartan, they were taller (though 

no difference in body mass index), they had higher SBP, pulse pressure and Sokolow-Lyon 

voltage, and their serum potassium was slightly lower (Table 1). New-onset AF occurred in 

292 patients (3.9 %) of 7,583 non-ISH patients during the same mean follow-up time (Fig. 1).

Reductions in SBP were approximately the same in ISH and non-ISH patients whether they 

had new-onset AF or not (Fig. 2a). ISH patients without new-onset AF had SBP values (mean 

(SD)) at baseline and year 1 to year 5 of follow-up of  174.1 (10.8), 151.9 (17.0), 150.1 (16.4), 

148.3 (16.8), 147.7 (16.9) and 148.6 (16.5) mmHg compared to 179.0 (11.5), 153.7 (16.7), 

151.1 (20.3), 149.9 (17.8), 147.0 (18.9) and 139.1 (14.8) mmHg in ISH patients with new-

onset AF.  Non-ISH patients without new-onset AF had SBP values (mean (SD)) at baseline 

and year 1 to year 5 of follow-up of  174.2 (14.8), 150.0 (16.7), 148.0 (16.2), 146.7 (16.4), 

145.4 (15.8) and 144.5 (15.3) mmHg compared to 177.0 (14.2), 152.8 (17.9), 151.0 (17.8), 

149.3 (19.9), 145.1 (18.2) and 144.9 (15.4) mmHg in non-ISH patients with new-onset AF.  

Overall reductions in diastolic BPs were also approximately the same in ISH and non-ISH 

patients (Fig. 2b), with a possible larger decrease in mean diastolic BP from baseline to year 1 

in non-ISH patients. ISH patients without new-onset AF had diastolic DBP values (mean 

(SD)) at baseline and year 1 to year 5 of follow-up of  82.7 (5.8), 76.9 (8.9), 76.1 (8.8), 75.2 

(9.3), 74.7 (9.0) and 74.7 (8.7) mmHg compared to 83.4 (4.8), 78.4 (8.5), 78.7 (9.9), 75.7 
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(10.4), 75.1 (9.6) and 71.1 (9.2) mmHg in ISH patients with new-onset AF.  Non-ISH patients 

without new-onset AF had DBP values (mean (SD)) at baseline and year 1 to year 5 of 

follow-up of  100.4 (6.4), 86.5 (8.5), 85.2 (8.2), 84.1 (8.5), 82.8 (8.5) and 82.2 (8.1) compared 

to 99.7 (6.1), 86.1 (8.8), 84.9 (8.3), 83.7 (8.8), 82.1 (9.6) and 83.3 (8.9) mmHg in non-ISH 

patients with new-onset AF.  Cornell voltage product as a measure of ECG-LVH was 

however higher throughout the study in both ISH and non-ISH patients who developed new-

onset AF compared to the patients who remained without AF (Fig. 3).

We analyzed univariate predictors of new-onset AF in the ISH patients (Table 2a). There was 

a 4 % increased risk of new-onset AF per 1 mmHg rise in SBP at baseline. Furthermore, 

height, baseline Sokolow-Lyon voltage, potassium, treatment allocation, time-varying heart 

rate and age were significant univariate predictors of incident AF, but smoking, time-varying 

Cornell voltage product and gender were not. Univariate predictors of new-onsett AF in the 

non-ISH patients are shown in Table 2b. We have not elaborated on these i detail as the samle 

size and thus statistical power were much higher and stronger than in the ISH subset of 

patients.

The effect of reduction of in-treatment SBP is further explored in multivariate analysis (Table 

3). While the reduction in new-onset AF in ISH patients was borderline significant in 

univariate analysis (p=0.070), and when adjusted for treatment effect only (p=0.066), it was 

highly significant when adjusted for baseline SBP and in the multivariate model 2 (p=0.008 

for both). Lower in-treatment SBP was associated with a 17% risk reduction for new-onset 

AF per 10 mmHg decrease in SBP in ISH patients (p=0.008), and 9% risk reduction 

(p=0.006) in non-ISH patients, independent of treatment modality, baseline risk factors, 

baseline SBP and in-treatment heart rate and ECG-LVH.
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There was a significant interaction (p=0.041) in favor of stronger effect of SBP reduction on 

preventing new onset AF in ISH vs. non-ISH patients.  

New-onset AF or death occurred in 190 (15.2%) of the ISH patients and in 858 (11.3%) of the 

non-ISH patients (Fig. 1). Lower in-treatment SBP was associated with lower risk of new-

onset AF or death in the non-ISH patients (p<0.001, Model 2), however the effect of lower in-

treatment SBP on the combined endpoint new-onset AF and death was only borderline 

significant in the ISH patients (p=0.087) in Model 2 which included adjustment for baseline 

SBP (Table 4).

Discussion

New-onset AF occurred in 61 (4.9%) of 1,248 patients with ISH and ECG-LVH. Lower in-

treatment SBP was associated with a 17% risk reduction for new-onset AF per 10 mmHg 

decrease in SBP, independent of treatment modality, baseline risk factors, baseline SBP and 

in-treatment heart rate and ECG-LVH in patients with ISH. There was a significant 

interaction in favor of stronger impact of SBP reduction in preventing incident AF in ISH vs. 

non-ISH patients. When taking death and competing risk into account the overall findings 

confirmed the treatment benefits on preventing new-onset AF both in patients with ISH and in 

patients with non-ISH.

Our findings suggest that reduced SBP per se may reduce the incidence of AF in patients 

above 55 years of age with ISH and ECG-LVH. The impact of SBP reduction in preventing 

incident AF is even slightly stronger in patients with ISH compared to non-ISH patients 

recruited from the same population. These finding are in line with our previous findings 

showing benefits of SBP lowering therapy and regression of ECG-LVH on preventing 

cardiovascular mortality, myocardial infarction, cerebral stroke and heart failure in LIFE 

study participants with ISH [8-10]. The patients who develop new-onset AF and other 
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complications remained with higher Cornell voltage product ECG-LVH throughout the study 

as depicted in Fig. 3.

Atrial fibrillation is associated with increased risk of cardiovascular morbidity and mortality. 

It is important to identify modifiable risk factors as both men and women have an 

approximate 25% overall lifetime risk of AF (22). To our knowledge this is the first study to 

report an effect of lower in-treatment SBP and reduced new-onset AF in patients with ISH 

and ECG-LVH.

AF is the most prevalent sustained cardiac arrhythmia and the prevalence is increasing [23]. 

In the Rotterdam study, the prevalence of AF varied from 0.7% in the age group 55-59 years 

to 17.8% in those aged 85 years and above [24]. AF incidence increases with age but also 

with other risk factors [25], including diabetes, obesity, hypertension, LVH, coronary heart 

disease, congestive heart failure, valvular heart disease and increased left atrial size by 

echocardiography [26-28]. AF is associated with a 4 to 5 fold increased risk of ischemic 

stroke [29-30] and with a near doubled cardiovascular mortality risk [31]. Prevention of AF is 

thus of major importance and hypertension is currently the most prevalent, potentially 

modifiable risk factor, accounting for approximately 14 to 22% of AF cases [26,32,33].

ISH is closely related to increased pulse pressure, a marker of advanced vascular ageing (34) and 

arterial stiffness [35,36], which may contribute in the structural and electrical remodeling of the 

myocardium leading to the development of AF, possibly through increased pulsatile load on the 

heart and increased left atrial size [37]. Studies have shown that reduced distensibility of large 

arteries parallel cardiac hypertrophy and remodeling in hypertensive patients [38,39]. Large 

artery stiffness may increase the work load on the heart similar to volume overload and may thus 

represent one of the mechanisms by which hypertension leads to eccentric hypertrophy and left 

atrial enlargement [39]. In a LIFE sub-study, there was a significant correlation between baseline 
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brachial pulse pressure and left atrial size, independent of age, gender and body surface area 

[40]. Furthermore, there is evidence for linking brachial pulse pressure to microvascular damage 

in the heart and other target organs, which again may lead to increased peripheral resistance and 

blood pressure, further increasing arterial stiffness and central pulse pressure. Increased central 

pulse pressure may then further damage small arteries and lead to LVH [41]. Studies have found 

brachial pulse pressure to be a powerful predictor of cardiovascular morbidity and mortality [42-

49], and the predictive effect increases with age [46-48]. The present study evaluated ISH in 

parallel with brachial pulse pressure and not central pulse pressure. Non-invasive central pulse 

pressure has been shown to better predict cardiovascular outcomes than brachial pulse pressure, 

and to be closer associated with extent of atherosclerosis (carotid plaque burden and intimal-

medial thickness, and vascular mass) [50].  

Some strengths and limitations of the present study should be mentioned. This is a 

post hoc analysis of data collected prospectively in a randomized clinical trial. Atrial 

fibrillation was a pre-specified secondary endpoint and the ISH patients defined as a subgroup 

of patients of special interest. In the present analysis a strict and conservative approach was 

used in as much as new-onset AF was ascertained on yearly study ECGs. This ensured 

objective documentation of all incident cases of AF, however, the true incidence may have 

been underestimated by missing possible cases of paroxysmal AF. The patients recruited in 

the LIFE study all had ECG-LVH and results cannot automatically be extrapolated to 

hypertensive patients at lower risk. Also we excluded patients with AF at baseline known to 

have especially high cardiovascular risk and strong benefit of SBP reduction. Such exclusion 

of study participants confounded the relationship between the reduction of SBP and all-cause 

mortality in the ISH group due to the higher prevalence of AF at baseline in this group.

Further, we investigated a fairly homogenous study population of mostly Caucasian 

patients with LVH. Systolic blood pressure at baseline when patients were in the untreated 
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state was rather strongly predicting new-onset AF despite quite aggressive treatment and 

lowering of SBP by about 30 mmHg throughout. Blood pressures were taken standardized 

and regularly which allowed calculation of in-treatment SBP, also strongly predicting less 

new-onset AF. Certainly, statistical interference happened between SBP at baseline, changes 

in SBP during treatment and achieved in-treatment SBP during the study. However, despite 

these rather complicated relations between various SBPs, adjusted for in multivariate models, 

quite strong relationships appeared between SBP and risk for new-onset AF and benefits of 

treatment.

Conclusions

The impact of in-treatment SBP in preventing incidence AF was stronger in patients with ISH 

compared to non-ISH patients in the same population. This finding is in line with our previous 

findings showing benefits of BP lowering therapy and regression of ECG-LVH on preventing 

cardiovascular mortality, myocardial infarction, cerebral stroke and heart failure in LIFE 

study participants with ISH. Overall our findings are principally the same in ECG-LVH 

hypertensive patients with and without ISH.
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Figure Legends

Figure 1 Flow diagram chart of the patients who participated in the present study

Figure 2 Development of systolic blood pressure (Fig. 2a, upper panel) and diastolic blood 

pressure (Fig. 2b, lower panel) in the ISH patients and the non-ISH patients who had incident 

AF and the patients who did not have incident AF. The y-axes have been truncated.

Figure 3 Cornell product as indicator of ECG-LVH at baseline and yearly during the study in 

the ISH patients and the non-ISH patients with new-onset AF (upper lines) and in patients 

without new-onset AF during the study (lower lines). The y-axis has been truncated.
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Fig. 2a
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Fig. 3

Page 21 of 27

URL: http://mc.manuscriptcentral.com/bloodpressure  Email: IBLO-peerreview@journals.tandf.co.uk

Blood Pressure

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

22

Table 1. Baseline demographic and clinical characteristics in relation to new-onset atrial 
fibrillation in 1,248 patients with isolated systolic hypertension

Data are presented as mean (SD) unless otherwise indicated. Abbreviations: TIA, transitory ischaemic attack; 
HDL, high density lipoprotein.

Variables
Sinus Rhythm

(n=1,187)

New-Onset
Atrial Fibrillation

(n=61) P Value
Age, yr. 70.1 (6.4) 71.9 (5.4) 0.03
Sex, % female 60.6 52.5 0.21
Race, % black 6.5 1.6 0.17
Treatment with losartan, % 50.9 36.1 0.024
Diabetes, % 17.3 14.8 0.61
History of ischaemic heart disease, % 19.6 23.0 0.53
History of myocardial infarction, % 8.5 9.8 0.72
History of heart failure, % 2.1 4.9 0.15
History of cerebrovascular disease, % 11.4 11.5 0.98
History of TIA, % 5.8 4.9 1.00
History of peripheral vascular disease, % 8.1 6.6 0.81
Current smokers, % 15.4 6.7 0.064
Weight, kg 75.1 (14.7) 77.1 (13.7) 0.31
Height, cm 165.2 (9.3) 167.9 (8.6) 0.031
Body mass index, kg/m2 27.5 (4.9) 27.4 (4.9) 0.89
Systolic blood pressure, mmHg 174.1 (10.8) 179.0 (11.5) 0.001
Diastolic blood pressure, mmHg 82.7 (5.8) 83.4 (4.8) 0.34
Pulse pressure, mmHg 91.4 (11.7) 95.6 (11.1) 0.006
Heart rate, beats/min 71.7 (10.8) 70.8 (11.3) 0.53
Sokolow-Lyon voltage, mm 30.8 (10.2) 33.7 (12.0) 0.03
Cornell voltage-duration product, mm x msec 2772 (1053) 2920 (1063) 0.29
Hemoglobin, mmol/L 138.9 (12.4) 138.8 (13.0) 0.97
Sodium, mmol/L 140.3 (2.7) 140.4 (2.3) 0.91
Potassium, mmol/L 4.2 (0.4) 4.1 (0.4) 0.018
Creatinine, mmol/L 88.0 (21.1) 84.0 (16.0) 0.15
Total cholesterol, mmol/L 5.98 (1.15) 5.89 (1.08) 0.56
HDL cholesterol, mmol/L 1.49 (0.44) 1.52 (0.44) 0.64
Uric acid, μmol/L 324 (77) 329 (77) 0.58
Glucose, mmol/L 6.22 (2.46) 6.17 (2.14) 0.90
Urine albumin/creatinine ratio, mg/µmol 6.2 (22.2) 5.2 (12.5) 0.74
Framingham risk score, % 23.1 (9.9) 24.0 (9.8) 0.47
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Table 2a. Predictors of new-onset atrial fibrillation in 1,248 patients with isolated systolic hypertension

Univariate Predictor Variable Hazard Ratio (95 % CI) P Value 

 Baseline systolic BP (per 1 mm Hg increase) 1.04 (1.01-1.06) 0.001

 Height (per 1 cm increase) 1.04 (1.01-1.06) 0.014

 Baseline Sokolow-Lyon (per 10.5  mm increase) 1.36 (1.06-1.75) 0.015

 Potassium (per 1 mmol/L increase) 0.39 (0.18-0.86) 0.019

 Treatment (atenolol vs. losartan) 1.84 (1.09-3.11) 0.022

 Time-varying heart rate (per 1 beat/min increase) 1.025 (1.003-1.047) 0.023

 Age (per 1 yr. increase) 1.05 (1.01-1.10) 0.029

 Smoking (yes vs. no) 0.41 (0.15-1.14) 0.087

 Time-varying Cornell product (per 1,050 mm x msec increase) 1.17 (0.96-1.43) 0.11

 Gender (male vs. female) 1.49 (0.90-2.48) 0.12
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Table 2b. Predictors of new-onset atrial fibrillation in 7,583 patients with non-isolated systolic hypertension

Univariate Predictor Variable Hazard Ratio (95 % CI) P Value 

Age (per 1 yr. increase) 1.10 (1.08-1.12) <0.001

Baseline pulse pressure (per 1 mmHg increase) 1.02 (1.01-1.03) <0.001

Framingham risk score (per 1 percentage point increase) 1.02 (1.01-1.03) <0.001

Time-varying heart rate (per 1 beat/min increase) 1.03 (1.02-1.04) <0.001

Log urine albumin-creatinine ratio (mg/mmol) 1.39 (1.17-1.65) <0.001

Time-varying Cornell product (per 1,050 mm x msec increase) 1.17 (1.06-1.29) 0.001

Baseline systolic BP (per 1 mmHg increase) 1.01 (1.00-1.02) 0.002

Treatment (atenolol vs. losartan) 1.43 (1.13-1.80) 0.003

Baseline Cornell product (per 1,050 mm x msec increase) 1.16 (1.05-1.28) 0.005

Race (black) 0.31 (0.13-0.74) 0.009

Baseline cholesterol (per 1 mmol/L increase) 0.88 (0.79-0.98) 0.015

Baseline diastolic BP (per 1 mmHg increase) 0.981 (0.963-0.999) 0.036
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Gender (male vs. female) 0.81 (0.64-1.02) 0.066

History of coronary artery disease (yes vs. no) 1.27 (0.94-1.72) 0.120
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Table 3. Time dependent (time to event) multivariate Cox regression analyses to assess the risk of incident atrial fibrillation related to in-
treatment variation of 10 mm Hg in systolic BP in patients with isolated systolic hypertension and non- isolated systolic hypertension

ISH (n=1,248) Non-ISH (n=7,583) 
In-treatment SBP per 10 mm 
Hg decrease

Hazard Ratio 95 % CI P Value Hazard Ratio 95 % CI P Value 

Univariate 0.87 0.75-1.01 0.070 0.96 0.89-1.02 0.19

Adjusted for treatment 0.87 0.76-1.01 0.066 0.95 0.89-1.02 0.16

Adjusted for baseline SBP 0.82 0.71-0.95 0.008 0.92 0.86-0.99 0.023

Multivariate Model 1 0.87 0.75-1.00 0.054 0.93 0.87-1.00 0.043

Multivariate Model 2 0.83 0.73-0.95 0.008 0.91 0.85-0.97 0.006

Model 1: Adjusted for treatment effect, Framingham risk score, history of coronary heart disease, and in-treatment heart rate and in-treatment 
ECG-LVH determined by Cornell voltage-duration product

Model 2: Adjusted for baseline SBP, treatment effect, Framingham risk score, history of coronary heart disease, and in-treatment heart rate and 
in-treatment ECG-LVH determined by Cornell voltage-duration product
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Table 4. Time dependent (time to event) multivariate Cox regression analyses to assess the risk of the combined endpoint of incident atrial 
fibrillation or all-cause mortality related to in-treatment variation of 10 mm Hg in systolic BP in patients with isolated systolic hypertension and 
non- isolated systolic hypertension

ISH (n=1,248) Non-ISH (n=7,583) 
In-treatment SBP per 10 mm 
Hg decrease

Hazard Ratio 95 % CI P Value Hazard Ratio 95 % CI P Value 

Univariate 0.91 0.84-0.98 0.015 0.89 0.86-0.93 <0.001

Adjusted for treatment 0.92 0.85-0.99 0.021 0.90 0.86-0.93 <0.001

Adjusted for baseline SBP 0.94 0.87-1.02 0.133 0.91 0.88-0.95 <0.001

Multivariate Model 1 0.91 0.84-0.98 0.014 0.92 0.89-0.96 <0.001

Multivariate Model 2 0.93 0.87-1.01 0.087 0.93 0.89-0.96 <0.001

Model 1: Adjusted for treatment effect, Framingham risk score, history of coronary heart disease, and in-treatment heart rate and in-treatment 
ECG-LVH determined by Cornell voltage-duration product

Model 2: Adjusted for baseline SBP, treatment effect, Framingham risk score, history of coronary heart disease, and in-treatment heart rate and 
in-treatment ECG-LVH determined by Cornell voltage-duration product
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