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ABSTRACT. Objective: The aim of this study was to investigate in 
heart failure (HF) patients whether acute mental stress induces increases 
in the HF-severity biomarker B-type natriuretic peptide (BNP) and if 
alcohol consumption is associated with such stress-induced increases. 
Method: Twenty-one male HF patients and 19 male non-HF controls 
(M = 56 years, SEM = 2) underwent a 15-minute acute mental stress 
test combining public speaking and mental arithmetic. Plasma levels of 
BNP were determined immediately before as well as 2 hours after the 
stress test. Alcohol consumption was assessed by self-reported number 
of drinks per month and history of use. Results: HF patients had higher 
BNP levels before and after stress, F(1, 38) = 23.42, p < .001, and 
showed greater stress-induced increases in BNP levels, F(1, 38) = 4.52, 

p = .04, compared with controls. HF status (  = .32, p = .015, R2 = 
.10) and higher alcohol consumption (  = .61, p < .001, R2 = .37) were 
independently associated with higher BNP stress increases. Moreover, 
higher alcohol consumption moderated the greater BNP stress increases 
in HF patients but not in controls (  = .49, p < .001, R2 = .20), although 
alcohol consumption did not differ between groups. Conclusions: For 
individuals with HF, particularly those who drink moderate to more 
substantial amounts of alcohol, exposure to acute psychological stress 
leads to increases in circulating levels of BNP, a biomarker which is as-
sociated with increased morbidity and mortality in HF. (J. Stud. Alcohol 
Drugs, 71, 786-794, 2010)
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HEART FAILURE (HF) IS A MAJOR public health con-
cern associated with signifi cant mortality and morbidity 

(Haldeman et al., 1999; Rosamond et al., 2008). The diag-
nosis of HF and the prediction of mortality and HF events 
are closely associated with elevated plasma levels of B-type 
natriuretic peptide (BNP; Moe, 2006; Waldo et al., 2008). 
The physiological effects of BNP are multiple and include 
natriuresis/diuresis, peripheral vasodilation, and inhibition 
of the renin-angiotensin-aldosterone system as well as the 
sympathetic nervous system (Weber et al., 2006; Woods, 
2004). The major source of BNP synthesis and secretion is 
the ventricular myocardium (de Bold et al., 1996). BNP is 
synthesized and released into the circulation in response to 
myocardial wall stress due to volume expansion and pressure 
overload (de Bold et al., 1996; Weber et al., 2006; Woods, 
2004).

 Although numerous studies document the diagnostic and 
prognostic properties of BNP for HF severity and mortality 
(Moe, 2006; Waldo et al., 2008), fewer studies have exam-
ined acute changes in BNP levels. Accumulating evidence 
suggests that in coronary artery disease (CAD) and HF 
patients’ exercise stress, particularly if strenuous, induces 
immediate acute increases in BNP plasma levels, probably 
via induction of myocardial ischemia (Marumoto et al., 
1995; Sabatine et al., 2004). Given that acute exercise stress 
has been identifi ed as a potent trigger of acute coronary 
syndromes (ACSs) in vulnerable persons (Mittleman et al., 
1993; Strike et al., 2006b; Willich et al., 1993), one might 
speculate that acute increases in BNP levels may precede 
adverse outcomes in HF patients. Indeed, elevated BNP lev-
els have been associated with the sudden onset of ACSs (de 
Lemos et al., 2001; Moe, 2006; Waldo et al., 2008). Acute 
psychological stress occurring within 1-2 hours of onset 
of symptoms has been identifi ed as a further ACS trigger 
(Strike et al., 2006a, 2006b; Strike and Steptoe, 2005). How-
ever, although animal studies suggest that stress hormones 
can induce up-regulation of natriuretic peptide genes (Nishi-
mori et al., 1997), changes in plasma BNP following acute 
psychological stress have not yet been investigated, either in 
HF patients or in healthy/asymptomatic individuals.
 Alcohol abuse or dependence can be an etiological fac-
tor in the development of HF (Djousse and Gaziano, 2008; 
Kloner and Rezkalla, 2007), whereas light to moderate 
alcohol consumption seems benefi cial in preventing CAD 
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and CAD-related HF in healthy persons (Djousse and Ga-
ziano, 2007; Klatsky et al., 2005; O’Keefe et al., 2007). The 
literature on associations between alcohol consumption and 
BNP in HF is scarce. To date, one human study assessed as-
sociations between alcohol consumption and BNP, although 
not in HF patients, and those researchers found that current 
alcohol consumption (yes/no) was independently associated 
with higher BNP plasma levels, with a 1.5-fold increased 
risk of having high plasma BNP (Kanda et al., 2005).
 It is unclear whether alcohol consumption is associated 
with acute BNP changes in HF patients. A study of CAD 
patients found that acute heavy alcohol intake led to transient 
ischemia episodes in reaction to 10-minute exercise intervals 
(Rossinen et al., 1996). Given that myocardial ischemia is 
known to induce increases in BNP levels (de Lemos et al., 
2003; Weber et al., 2006), one might speculate that alcohol 
intake is associated with BNP increases in response to ex-
ercise. Associations between alcohol consumption and BNP 
following psychological stress have not yet been studied, 
however.
 The objective of the present study was to investigate 
whether psychological stress induces BNP changes in HF 
patients and controls and to examine the impact of alcohol 
consumption on this phenomenon. We measured plasma 
levels of BNP immediately before as well as 2 hours after 
stress, because ACSs are known to occur within the 2 hours 
after an emotional trigger (Strike et al., 2006a, 2006b; Strike 
and Steptoe, 2005). We hypothesized that HF patients would 
exhibit greater increases in BNP levels following psycho-
logical stress and that alcohol consumption levels would be 
associated with BNP measures in response to stress.

Method

Study participants

 The study sample consisted of 21 male patients diagnosed 
with HF and, as a control group, 19 male individuals with no 
cardiovascular pathology except for elevated blood pressure. 
Patients were recruited from the San Diego Veterans Affairs 
Medical Center and the University of California, San Diego, 
Medical Center Heart Failure Program as part of a larger 
study on the effects of depression on cellular adhesion and 
infl ammation. We recruited the control non-HF individuals 
from the local community via various advertisements (e.g., 
newspaper, fl yers, brochures, and Web sites) and word-of-
mouth referrals.
 Inclusion criteria for all study participants included being 
age 30-85 years and having hypertension (with a systolic 
blood pressure of less than 180 mm Hg or a diastolic blood 
pressure of less than 110 mm Hg); men of all ethnicities 
and races were eligible. Inclusion criteria for HF patients 
included New York Heart Association (NYHA) classes 
II through IV, symptoms of HF for at least 3 months that 

have been optimally treated with beta-blockers, diuretics, 
and angiotensin-converting enzyme (ACE) inhibitors, and 
systolic dysfunction (defi ned by a left ventricular ejection 
fraction [LVEF]  45%) or diastolic dysfunction (defi ned 
by echocardiography using mitral infl ow patterns and tis-
sue Doppler velocities to detect abnormalities according to 
recommended criteria) (Nagueh et al., 2009). We assessed 
LVEF by echocardiography as part of the patient’s routine 
medical evaluation. To assess physical function capacity in 
all subjects, we used the 6-minute walk test (O’Keeffe et al., 
1998). Exclusion criteria included recent myocardial infarc-
tion (1 month), recent stroke or signifi cant cerebral neuro-
logical impairment, severe chronic obstructive pulmonary 
disease, major depression, and other psychiatric illnesses.
 The protocol was approved by the University of Califor-
nia, San Diego, Institutional Review Board, and participants 
gave written informed consent. The study was carried out in 
accordance with the Declaration of Helsinki principles.

Acute mental stress testing

 Subjects were admitted to the General Clinical Research 
Center of the University of California, San Diego, Medical 
Center the night before testing. Testing was performed at 
9:00 A.M. the next morning, following a light standardized 
non-caffeine-containing breakfast. Participants abstained 
from food and drink (other than water) for 2 hours before 
the experiment and from physical exercise, alcohol, and caf-
feinated beverages starting the evening before the test day.
 Following a 30-minute quiet rest, resting blood pres-
sure was taken using an automated blood-pressure monitor 
(Dinamap Compact BP monitor; Critikon, Tampa, FL) and 
venous blood was taken via an intravenous catheter that was 
placed in the antecubital vein 1 hour prior. Subjects were 
then given instructions for performing a moderate mental 
challenge test that combined a 5-minute serial subtraction 
mental arithmetic task and a public speech task. The speak-
ing task involved preparing (5 minutes) and presenting (5 
minutes) a speech in response to an automobile dealer not 
honoring a warranty (Mills et al., 2003). Subjects were told 
that the performance would be videotaped and rated by 
experts on poise and articulation. A video camera was dis-
played prominently during the procedure. If subjects stopped 
talking before the end of the speech, they were reminded to 
continue the talk by reiterating or summarizing the main 
points. After the stress test, all subjects relaxed in a quiet 
room in the General Clinical Research Center to recover. 
Blood samples were obtained before the stressor and 2 hours 
after cessation of the stressor. Testing was terminated if a 
subject expressed discomfort, chest pain, or shortness of 
breath or if blood pressure exceeded a systolic blood pres-
sure of 220 mm Hg or a diastolic blood pressure of 100 mm 
Hg or dropped below resting levels.
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Assessment of alcohol consumption

 A brief questionnaire, consisting of questions regarding 
past and current alcohol consumption, was administered by 
the study personnel. We asked whether subjects were cur-
rent or former drinkers, and we assessed current alcohol 
consumption by a self-report of the estimated number of 
consumed alcoholic beverages per month.

Biochemical analyses

 Blood was drawn into ethylenediaminetetraacetic-acid 
(EDTA)-coated vacutainer tubes (BD Biosciences; San Jose, 
CA). Blood samples were centrifuged for 10 minutes at 
3,000 g and 4 °C and plasma was stored at -80 °C until 
analysis. Plasma BNP levels were determined by the Bayer/
Centaur BNP Assay (Bayer Diagnostics, New York, NY). 
The Bayer BNP assay is an enzyme-linked immunosorbent 
assay (ELISA) measuring BNP concentrations up to 2,500 
pg/ml with minimum detectable concentrations of <1.0 pg/
ml. The interassay coeffi cient of variation was 1.8 % and the 
intra-assay coeffi cient of variance was 2.2 %. To minimize 

intra-assay error variance, both BNP samples from each 
subject were analyzed in the same run.

Statistical analyses

 All calculations were performed using SPSS Inc. (Version 
11.0.1; SPSS, Chicago, IL) software packages. Data are pre-
sented as mean ± SEM. Results were considered statistically 
signifi cant at the p  .05 level, and all tests were two-tailed. 
In case of missing data, cases were excluded listwise. BNP 
levels were normally distributed in both groups as verifi ed by 
the Kolmogorow-Smirnow test. We calculated mean arterial 
pressure (MAP) from resting-blood-pressure readings (1/3 
systolic blood pressure + 2/3 diastolic blood pressure) and 
body mass index was calculated by the formula: weight in 
kg / (height in m)2.
 Power analyses (Faul, 2007) revealed that with a sample 
size of 40, the study would have adequate power (.95) to 
predict BNP stress increases of a large effect size of f 2 = 
.35 in regression analyses using the maximum of fi ve predic-
tors. It should be noted that this investigation was based on 
a post hoc data analysis addressing the question of BNP re-

TABLE 1.    Sociodemographic and medical characteristics of the study subjects

Variable HF patients Non-HF controls p

Alcohol consumption
 No. drinks per month,

M ± SEM (range) 5.8 ± 3.0 (0-56) 5.4 ± 2.7 (0-45) .93
  0  55.0% 41.2%
  1-5 25.0% 41.2%
  6-15 10.0% 5.9%
  15-56 10.0% 11.8%
 Positive history of drinking 33% 16%
Age, years, M ± SEM (range) 61.8 ± 3.4 (34-81) 49.4 ± 1.6 (37-62) .003
Body mass index, kg/m2,

M ± SEM (range) 31.1 ± 1.6 (23.7-41.5) 29.6 ± 1.0 (23.8-51.2) .43
Mean arterial blood pressure,
  mm Hg, M ± SEM (range) 77.9 ± 2.1 (73.5-82.3) 93.9 ± 2.8 (88.0-99.8) <.001
Cigarettes per day, M ± SEM (range) 3.2 ± 2.9 (0-60) 1.9 ± 1.3 (0-20) .70
Current smokers 5% 16%
Coronary artery disease 31.6% 0%
Systolic dysfunction 90.5% 0%
Diastolic dysfunction 57.1% 0%
HF severity
 6-minute walk test, meters

M ± SEM (range) 364.7 ± 20.7 (190-511) 518.8 ± 19.4 (375-724) <.001
 LVEF, M ± SEM (range) 29.1% ± 1.75% (16%-45%) –
 NYHA classifi cations II/III 81%/19% 0%/0%
Medications
 ACE inhibitors 71% 0%
 Beta blockers 95% 0%
 Calcium channel blockers 5% 0%
 Statin 57% 0%
 Aspirin 52% 5%
 Diuretics 91% 0%
 Anti-arrhythmics 9.5% 0%
 Digoxin 62% 0%

Notes: Data are presented as mean ± standard error of means (range) or percentage value. HF = heart failure; LVEF 
= left ventricular ejection fraction; NYHA = New York Heart Association; ACE = angiotensin-converting enzyme.
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FIGURE 1.    Values are means ± SEM. The fi gure depicts biomarker B-type natriuretic peptide (BNP) levels before and 2 hours after acute stress (Panel A) and 
stress-induced BNP increases (Panel B) in heart failure (HF) patients and non-HF controls who are alcohol drinkers and nondrinkers. Regression analyses 
revealed that belonging to the HF patient group (main effect group:  = .32, p = .015, R2 = .10) and having higher alcohol consumption as continuously 
measured by number of drinks per month (main effect drinks per month:  = .61, p < .001, R2 = .37) were associated with higher BNP stress increases. 
Moreover, higher alcohol consumption was associated with higher BNP stress increases in the HF group as compared with the non-HF control group (Group 
× Stress interaction:  = .49, p < .001, R2 = .20).
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sponses to stress in HF patients and their relation to alcohol 
consumption.
 To test for group differences in sociodemographic and 
medical characteristics, we computed univariate analyses of 
variance (Table 1).
 Because BNP levels of control subjects were in the very 
low detection range of the assay, we decided to use absolute 
BNP levels in all analyses and abstained from additionally 
calculating percentage changes to guarantee a satisfying 
reliability.
 Repeated measures analysis of variance was applied 
to test for stress-induced changes in BNP plasma levels in 
HF patients and controls, with subject group as independent 
and BNP measures as repeated dependent variable (Figure 
1). We applied the Huynh-Feldt correction for repeated 
measures.
 For assessment of associations between alcohol con-
sumption and BNP measures, we applied the following 
procedure. To address associations at rest, we calculated 
linear regression analyses with pre-stress measures of BNP 
as a dependent variable and number of drinks per month as 
a continuous independent variable while controlling for the 
group variable (HF or control) in a fi rst step. In a second 
step, we additionally controlled for those group characteris-
tics that signifi cantly differed between patients and controls 
(i.e., age, MAP, and 6-minute walk test). It is of particular 
importance to control for age, because BNP levels increase 
with aging (McKie and Burnett, 2005). We did not control 
for all group characteristics, to avoid statistical overcontrol-
ling given our sample size (Babyak, 2004). To address as-
sociations between alcohol consumption and BNP changes 
in response to stress, we again calculated linear regression 
analyses with BNP stress change as dependent variable. 
BNP stress change was calculated as BNP post-stress level 
minus pre-stress level. We entered the number of drinks per 
month as an independent continuous variable while con-
trolling for subject group in a fi rst step. In a second step, 
we again additionally controlled for group characteristics 
signifi cantly differing between the groups. To address the 
potential infl uence of alcohol consumption on group differ-
ences in BNP, we calculated moderator analyses as described 
by Baron and Kenny (1986), both for resting BNP and for 
BNP stress changes. We performed regression analyses 
with BNP stress changes as the dependent variable, and we 
entered the number of drinks per month, the group variable, 
and their interaction as independent variables. We centered 
the group variable to the mean to allow calculation of in-
teraction terms. To graphically illustrate our continuously 
calculated regression results, we divided each subject group 
into drinkers and nondrinkers based on their current drink-
ing report, rendering four subgroups of subjects (i.e., HF 
patients who are nondrinkers [n = 11] and drinkers [n = 9] 
and controls who are nondrinkers [n = 6] and drinkers [n = 
11]; Figure 1).

Results

Sociodemographic and medical characteristics of the study 
group

 Table 1 presents the biological and medical characteris-
tics of the 21 HF patients and 19 controls studied. Most of 
the HF patients were NYHA class II and were taking ACE 
inhibitors, beta-blockers, and diuretics. In addition, a high 
percentage of patients were taking digoxin (Lanoxicaps and 
Lanoxin) and statins. Most patients had systolic dysfunction 
(n = 19) and more than half of the patients had diastolic 
dysfunction (n = 12). HF patients walked fewer meters in 
the 6-minute walk test compared with controls, F(1, 37) = 
29.4, p < .001. Moreover, HF patients were older, F(1, 38) 
= 10.3, p = .003, and had a lower MAP, F(1, 38) = 21.3, p < 
.001, probably as a result of medication intake and/or their 
underlying LVEF dysfunction. Although a higher percentage 
of HF patients did not currently consume alcohol compared 
with healthy controls (55% vs. 41%), the average number of 
drinks per month was similar between the two groups.

BNP reactivity to mental stress

 Table 2 depicts BNP baseline and post-stress levels as 
well as stress-induced increases in BNP levels. Mental stress 
induced signifi cant increases in absolute BNP levels among 
all participants, main effects of stress: F(1, 38) = 5.5, p = 
.024, p

2 = .13, f = .39. Post hoc testing by separate recal-
culation in each subject group revealed that this effect was 
carried by HF patients, as stress signifi cantly increased BNP 
levels in HF patients (p = .028) but not in controls (p = .10). 
As expected, compared with controls, HF patients had higher 
BNP levels at rest as well as after exposure to the acute 
stressor, main effect group: F(1, 38) = 23.42, p <.001, p

2

= .38, f = .78. Moreover, HF patients showed greater stress-
induced increases in BNP levels, interaction group-by-stress: 
F(1, 38) = 4.52, p = .04, p

2 = .11, f = .35.

Alcohol consumption, BNP, and control variables

At rest. Regression analyses revealed that HF group (main 
effect group:  = .62, p <.001, R2 = .38) but not alcohol 
consumption (p = .10) was associated with higher absolute 
BNP baseline levels. The group effect remained signifi cant 
when controlling for age and MAP (p = .002). When addi-
tionally controlling for meters walked in the 6-minute walk 
test, the main effect of group (  = .37, p = .087, R2 = .05) 
as well as the main effect of alcohol consumption (  = .27, p
= .059, R2 = .07) became borderline signifi cant. The mod-
eration effect of alcohol consumption on group differences 
in baseline BNP levels did not reach statistical signifi cance, 
either with (p = .08) or without (p = .23) controlling for age, 
MAP, and the 6-minute walk test.
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Stress reactivity. Both group and alcohol consumption 
were independently associated with higher BNP stress 
changes. Being a HF patient (main effect group:  = .32, p
= .015, R2 = .10) and higher alcohol consumption (main 
effect drinks per month:  = .61, p < .001, R2 = .37) were 
associated with higher stress-induced increases in absolute 
BNP levels. Additional controlling for age, MAP, and meters 
walked in the 6-minute walk test did not signifi cantly change 
the main effect of drinks per month (p < .001), but the group 
effect lost signifi cance (p = .11). Regression analyses testing 
moderation revealed that the interaction between group and 
drinks per month was signifi cantly associated with higher 
BNP increases following stress (  = .45, p < .001, R2 = 
.19), even when additionally controlling for age, MAP, and 
the 6-minute walk test (  = .45, p < .001, R2 = .18). This 
suggests a statistical moderation effect of alcohol on group 
differences in BNP stress increases, with higher alcohol con-
sumption being associated with higher BNP stress increases 
in the HF group as compared with the control group.
 Figure 1 depicts BNP levels before and after stress (Panel 
A) as well as stress-induced BNP increases (Panel B) in HF 
patients and controls with greater and fewer numbers of 
drinks per month. Table 3 summarizes all regression results.

Discussion

 This study examined BNP reactivity to acute psychologi-
cal stress in HF patients and its relation to light to moderate 
alcohol consumption. Our fi ndings of stress-induced BNP 

increases in HF patients extend previous studies of compa-
rable sample sizes reporting increased cardiovascular reactiv-
ity in terms of heart rate and/or sympathetic nerve activity 
to mental stress in HF (Holmes et al., 2007; Middlekauff et 
al., 1997). Cardiovascular hyperreactivity has been shown to 
predict worsening of HF symptoms (e.g., increased left ven-
tricular mass) and clinical events such as ACSs (Alderman 
et al., 1990; Treiber et al., 2003). Similarly, heightened BNP 
reactivity in HF might be associated with disease progressi-
on. Previous HF studies investigating reactivity to exercise 
challenges report rapid increases in BNP plasma levels 
(Ciampi et al., 2009; Foote et al., 2004; Marumoto et al., 
1995; Win et al., 2005). As BNP levels are associated with 
myocardial wall stress due to volume expansion and pressure 
overload (de Bold et al., 1996; Weber et al., 2006; Woods, 
2004), it has been suggested that BNP responses to exercise 
in HF patients refl ect increases in cardiac strain (Ciampi et 
al., 2009). Accordingly, our fi ndings of BNP level changes 
following mental stress in HF patients may indicate strain 
on the heart with mental stress. It is interesting to note that 
exercise-induced increases in BNP levels seem to return to 
baseline levels within 10-15 minutes after exercise (Win et 
al., 2005), whereas we observed signifi cant BNP increases 
2 hours after cessation of our stressor. Given that ACSs are 
known to occur within 2 hours after emotional triggering 
(Strike et al., 2006a, 2006b; Strike and Steptoe, 2005), our 
observed BNP stress-increases in HF patients might be as-
sociated with clinical endpoints.
 The clinical relevance of short-term changes in BNP 

TABLE 2.    BNP levels and increases in HF patients and controls before and after acute mental stress

BNP levels HF patients Non-HF controls p

Baseline, pg/ml 227.0 ± 43.3 8.8 ± 1.4 <.001
Post-stress, pg/ml 245.8 ± 46.2 9.7 ± 1.7 <.001
Stress changes, pg/ml 18.8 ± 7.9 0.9 ± 0.6 <.001

Notes: Values are means ± SEM; baseline: immediately before stress; post-stress: 2 hours after stress cessation; stress 
changes: BNP post-stress levels minus baseline levels. BNP = biomarker B-type natriuretic peptide; HF = heart failure.

TABLE 3.    Hierarchical regression analyses for associations between alcohol consumption and 
BNP levels in HF patients and non-HF controls

 Standardized
Variables entered  coeffi cient t p R2 change

BNP baseline levels
 Group (HF vs. controls) .62 (.37)a 4.8 (1.8)a <.001 (.09)a .38 (.05)a

 Drinks per month .22 (.27)a 1.7 (2.0)a .10 (.06)a .05 (.09)a

 Group by drinks per monthb .18 (.24)a 1.2 (1.8)a .23 (.08)a .03 (.05)a

BNP stress change
 Group (HF vs. controls) .32 (.32)a 2.6 (1.7)a .015 (.11)a .10 (.04)a

 Drinks per month .61 (.56)a 4.9 (4.4)a <.001 (<.001)a .37 (.28)a

 Group × Drinks per Monthb .49 (.45)a 4.3 (4.6)a <.001 (<.001)a .19 (.18)a

Notes: BNP stress change = difference between post-stress level and baseline. BNP = biomarker 
B-type natriuretic peptide; HF = heart failure. aAfter controlling for age, mean arterial pressure, 
and meters walked in the 6-minute walk test; bregression results for the interaction of Group × 
Drinks per Month after controlling for group and drinks per month.
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plasma levels is, however, unclear. Prior research on prog-
nostic properties of BNP shows that baseline BNP levels 
and increases in natriuretic peptides over several weeks are 
indicators of HF progression and elevated mortality risk (de 
Lemos et al., 2001; Yan et al., 2005). Given that a baseline 
BNP level of more than 80 pg/ml has been shown to be asso-
ciated with an increased 10-month mortality rate in ACS pa-
tients (de Lemos et al., 2001), our results might be of clinical 
relevance. We observed mean increases of 19 pg/ml, with a 
standard deviation of 36 pg/ml, in our HF patients 2 hours 
after a relatively moderate mental stress task. One could spe-
culate that a more strenuous life stressor might induce even 
higher BNP increases in HF patients and potentially reach 
a critical threshold, especially if prolonged. Moreover, the 
kinetics of mental-stress-induced BNP changes have not yet 
been studied. Therefore, peak BNP levels might occur after 2 
hours or might have been higher before 2 hours, as observed 
after exercise in some HF patients (Ciampi et al., 2009). In 
addition, it is possible that repeated mental stressors that in-
duce increases in BNP might accumulate strain on the heart 
and have adverse clinical effects.
 Few studies have examined biomarkers of HF severity—
such as BNP—to determine alcohol-associated infl uences 
on cardiac activity. In one animal study of chronic moder-
ate ethanol consumption, there were signifi cant elevations 
in ventricular BNP concentration found in spontaneously 
hypertensive but not Wistar-Kyoto rats (Guillaume et al., 
1996). This suggests that alcohol consumption in a more 
vulnerable population may be particularly deleterious to 
cardiac function. In another study, alcohol consumption as 
assessed by current drinking status (yes/no) was indepen-
dently associated with higher BNP plasma levels, with a 
1.5-fold increased risk of having high plasma BNP (Kanda 
et al., 2005). Results of the present study also suggest that 
alcohol consumption levels may be dose-dependently asso-
ciated with increased BNP levels. The clinical relevance of 
this fi nding is unclear, however. Although excessive alcohol 
consumption is recognized as a cause of HF (Haddad et al., 
2008), light to moderate alcohol consumption (up to one 
drink daily for women and one or two drinks daily for men) 
seems benefi cial in preventing CAD and CAD-related HF in 
healthy persons (Djousse and Gaziano, 2007; Klatsky et al., 
2005; O’Keefe et al., 2007). However, because alcohol con-
sumption increases blood pressure and thereby hypertension 
risk in a dose-dependent fashion (Beilin and Puddey, 2006), 
it may be speculated that benefi ts of moderate alcohol con-
sumption on CAD might be counterbalanced in HF patients 
who are more vulnerable to blood pressure effects (Klatsky, 
2004; Klatsky and Gunderson, 2006; Walsh et al., 2002).
 Whereas acute alcohol consumption seems to exert damp-
ening effects on cardiovascular reactivity to stress (Hoaken 
et al., 2003; Sayette, 1993; Sher et al., 2007), less is known 
about levels of chronic alcohol consumption (i.e., light, 
moderate, or heavy) interactions with psychological stress 

on cardiac function, and no prior studies have examined this 
question in HF patients. Current and abstinent alcoholics 
have been reported to have blunted cortisol reactivity to 
mental stress (Lovallo et al., 2000). In contrast, some hea-
vy social drinkers showed greater cortisol stress reactivity 
(Nesic and Duka, 2008), and research in primates shows 
that chronic moderate alcohol consumption, along with 
psychological stress, elicited signifi cant increases in resting 
heart rate (Shively et al., 2007). As glucocorticoids can in-
duce up-regulation of natriuretic peptide genes (Nishimori 
et al., 1997) and as heart rate increases may add to pressure 
overload, mental stress may generate deleterious effects to 
cardiac function in vulnerable persons, such as HF patients. 
Indeed, the present study found higher alcohol consump-
tion moderated greater stress-induced BNP increases in 
HF patients compared with controls. More precisely, HF 
patients who were “drinkers” had mean BNP increases of 
approximately 35 pg/ml, whereas HF nondrinkers had mean 
increases of only 7 pg/ml. Given the observed linear rela-
tionship, patients with higher alcohol consumption had even 
higher increases, with an observed maximum increase of 130 
pg/ml. This suggests increased cardiac strain in response to 
emotional stress in HF patients that consume larger quanti-
ties of alcohol.
 There are a few noteworthy positive aspects to the study. 
We decided on a long sampling interval and measured BNP 
levels 2 hours after stress cessation. This time interval may 
have implications for the clinical relevance of our fi ndings, 
because ACSs are also known to occur within the 1-2 hours 
after emotional triggering in vulnerable persons. We used a 
statistical approach allowing assessment of linear associa-
tions between alcohol consumption entered as continuous 
variable and changes in BNP plasma levels in the study 
groups.
 The study also has its limitations, however. First, medica-
tion differences between subjects are inevitable. Therefore, 
we cannot rule out that our observed fi ndings, particularly 
our observed group difference in BNP stress reactivity and 
its association with the amount of reported alcohol consump-
tion may be, in part, the result of medication effects. Second, 
our study sample size did not allow us to control for more 
variables than those group characteristics signifi cantly dif-
fering between the study groups. Moreover, it is possible 
that baseline associations between BNP and alcohol did not 
become signifi cant because our study was underpowered 
to reveal medium or small effects. Future studies using 
larger sample sizes need to address this question. Third, we 
measured BNP levels only once after stress (i.e., 2 hours 
afterward). Future studies should extend the measurement 
of BNP to further sampling intervals in order to shed light 
on the kinetics of BNP stress reactivity. Fourth, our assess-
ment of alcohol consumption is based on self-reports of 
the number of drinks per month. We cannot exclude under-
reporting or false reporting of alcohol consumption in our 
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study subjects. Moreover, we did not assess the pattern of 
alcohol consumption (i.e., whether the alcohol was con-
sumed continuously [every day] or intermittently [e.g., only 
during weekends]) or the type of consumed beverage. Fifth, 
our HF patients were older than our controls, which we sta-
tistically controlled by covarying for age. Thus, conclusions 
on associations between BNP and alcohol consumption in 
our study need to be interpreted with care. Moreover, we 
did not recruit for heterogeneous levels of alcohol consump-
tion among patients and controls but restricted ourselves to 
assess the natural range of reported alcohol consumption. 
Indeed, given a continuous consumption pattern, the self-
reported range of consumed drinks per month did not exceed 
a moderate amount of alcohol consumption, as the reported 
maximum was 56 drinks per month (i.e., 2 drinks per day). 
This implies that our fi ndings cannot be generalized to heavy 
drinking or alcoholism. Taken together, these limitations sug-
gest that our fi ndings should be considered as preliminary. 
The clinical implications are limited because of a lack of 
disease-outcome assessment. Prospective designs are needed 
to study whether the BNP increases following stress in the 
range observed in our HF patients might be associated with 
higher mortality (e.g., resulting from ACS onset following 
emotional triggering) and whether alcohol consumption 
plays a role in this association.
 In conclusion, our fi ndings suggest that exposure to men-
tal stress in HF patients is associated with increases in BNP 
and that such increases are positively associated with alcohol 
consumption. Future investigations are needed to verify our 
fi ndings in larger populations, to determine mechanisms as-
sociated with BNP responses to stress, and to study potential 
clinical implications—for example, whether increased BNP 
reactivity to stress and alcohol consumption interact to pro-
duce deleterious health consequences.
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