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Background: An “obesity paradox” has been described in patients with chronic heart failure (CHF), obese patients
having a better survival. Vasopressin is elevated in patients with CHF, and higher levels are associatedwithwors-
ening severity of the disease. We aimed at evaluating the relationship between body mass index (BMI), obesity
(BMI ≥30 kg/m2), and vasopressin in patients with CHF, as well as the prognostic implications of vasopressin
across the full spectrum of BMI values.
Methods:We included 1132 consecutive CHF patients referred to amultidisciplinary CHF unit. BMI and vasopressin
levels weremeasured at baseline, and their associationwas evaluated usingmultivariable linear and logistic regres-
sion models. Death was evaluated after a median follow-up of 2.93 years and using Cox regression analyses.
Results:Mean agewas 73 years, 43%women,meanBMI28 kg/m2. Vasopressin levelswere independently associated
with all-cause death across thewhole spectrumof BMI values, andwere significantly lower in obese as compared to
non-obese patients (median adjusted estimated levels of log-vasopressin in obese patients 2.57 [95% CI 1.5–3.67], in
non-obese patients 3.16 [95% CI 2.11–4.23]; p b 0.001). Also, the higher the BMI, the lower the vasopressin levels, at
least for patientswith BMI b35 kg/m2. Subgroup analyses stratifying by left ventricle ejection fraction and sensitivity
analyses further adjusting for norepinephrin levels yielded similar findings.
Conclusions: Reduced levels of vasopressin may represent an independent mechanism in the survival paradox in
obese patients with CHF. Studies including larger samples of patients BMI ≥35 kg/m2 are needed.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Obesity is a well-known risk factor for the development of a number
of cardiovascular diseases, including chronic heart failure (CHF) [1–4].
Nevertheless, several studies have found obese patients with established
CHF having a better survival than their normal weight counterparts [5,6].
This “obesity paradox” is also present in other chronic conditions, such as
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stroke [7] or chronic obstructive pulmonary disease (COPD) [8], and the
underlying physiopathology is currently unclear.

The neurohormonal hypothesis claims that CHF is regulated by the
sympathetic axis, the renin-angiotensin-aldosterone system, and vaso-
pressin [9]. Their activation is related with poorer clinical outcomes
[9], and consequently, inhibition of some of the components of the neu-
rohormonal axis is currently the cornerstone of therapy in CHF, particu-
larly in patients with reduced left ventricle ejection fraction (LVEF)
[10,11]. In this context, recent studies have shown that obese patients
with CHF have lower norepinephrine (NE) levels than non-obese indi-
viduals, and this has been hypothesized as a potential mechanism in-
volved in the better survival observed in the former group [12].

On the other hand, as of now the relationship between obesity and
levels of vasopressin has not been evaluated in patients with CHF. Vaso-
pressin is released mainly after the stimuli of osmotic or non-osmotic
drive, and through the V1a, V1b and V2 receptors contributes to arterial
vasoconstriction, release of other hormones, and antidiuretic effects
[13]. Vasopressin is found elevated in patients with CHF [14], and higher
levels are associated with worsening severity of CHF [15].

The aims of this study were thus to evaluate the associations be-
tween the bodymass index (BMI), obesity, and vasopressin levels in pa-
tients with CHF; as well as the prognostic implications of vasopressin in
this patient population across the full spectrum of BMI levels.

2. Methods

2.1. Study design and ethics

The methodology used in the Definition of the neuro-hormonal Activation, Myocar-
dial function, genOmic expression and CLinical outcomes in hEart failure patientS (DAM-
OCLES) study has been reported elsewhere [12]. Briefly, this was a prospective, single
center cohort study of 1236 consecutive CHF patients referred to a multidisciplinary HF
management program. The study was conducted in accordance with the Declaration of
Helsinki, the study protocol was approved by the local ethics committee for clinical re-
search, and all patients gave written informed consent before recruitment.

2.2. Study population

Patient recruitment took place between January 2004 and January 2013. For inclusion
in DAMOCLES, patients had to be diagnosed with CHF according to the criteria defined by
the European Society of Cardiology (ESC) [16], had to have had a recent episode of acute
CHF decompensation requiring intravenous diuretic treatment (regardless of whether
they were hospitalized, treated in the emergency department and discharged, or treated
in theday carehospital), and had to be in stable condition.Diagnosis of CHFwas confirmed
by two independent cardiologists not involved in the study. Exclusion criteria of
DAMOCLES were significant primary valvular disease, hypertrophic cardiomyopathy, he-
moglobin levels b8.5 g/dL, active malignancy, and chronic liver disease.

For the present analysis, all DAMOCLES participants were considered for inclusion. Of
them, we excluded patients with missing baseline information on vasopressin levels and/
or on BMI.

2.3. Baseline examination

At recruitment, relevant clinical and demographic information, including the New
York Heart Association (NYHA) functional class, the LVEF, and current medical therapy
were recorded.

Peripheral blood samples were collected in all participants. Peripheral blood was
drawn from a 22-gauge angiocatheter (Abbocath®) placed in an antecubital vein for
blood samples and biological measurements. Patients were at rest in a supine condition
in a quiet room for 30–60 min after venous cannulation and then 12 mL blood samples
were drawn. All tubeswere immersed inmelting ice and frozen until theywere processed.
Levels of vasopressinweremeasured from1.5mLof plasmaby high resolution liquid chro-
matography. Normal values of vasopressin were considered b7.6 pg/mL. Serum NT-
proBNP (pg/mL) was measured using immunoassay based on a chemiluminescence
using Elecys System (Roche®). Hemoglobin levels (g/dL) were measured by impedance
laser colorimetry. Anemia was defined using the World Health Organization Criteria
(cut-off values of 13 g/dL in men and 12 g/dL in women) [17]. The glomerular filtration
rate was calculated from serum creatinine using the formula of Modification of Diet in
Renal Disease Study Group (MDRD equation).

Weight andheightwere alsomeasured upon inclusion. TheBMIwas estimatedusing the
formula: BMI=weight (kg) / height (m2). A BMI ≤21 kg/m2was considered “underweight”,
a BMI N21 and ≤25 kg/m2 was considered “normal weight”, a BMI N25 and b30 kg/m2 was
considered “overweight”, and a BMI ≥30 kg/m2 was considered “obesity”.
2.4. Follow-up and event ascertainment

Follow-up in DAMOCLES lasted until November 2015, study participants being
followed for amedian of 2.93 years (mean 3.3 years). Follow-upwas conducted by trained
study personnel. Specifically, data on mortality and on cause of death were obtained from
hospital and primary care electronic medical records, and/or by direct interview with the
patients' relatives.
2.5. Statistical analyses

Baseline characteristics of the study participants were summarized for the whole co-
hort as well as by baseline absence/presence of obesity. For categorical variables, number
and percentagewere reported, and for continuous variables,mean (standarddeviation) or
median (interquartile range)were used, depending on the distribution of the variables. χ2,
Student's T, and non-parametric tests were used to compare characteristics across strata.

We used several approaches to assess the relationship between BMI and levels of va-
sopressin. First, we used smooth spline curves to display the unadjusted association be-
tween BMI, as a continuous exposure, and log-transformed vasopressin. We also used
linear regression models to assess the crude and multivariable-adjusted associations be-
tween 1 kg/m2 increases in BMI, as well as between obesity (defined as BMI ≥30 kg/m2,
compared to b30 kg/m2), and log-transformed vasopressin. For the multivariable models,
only predictors showing statistically significant associationswith vasopressin in the crude
analyses were included in themodels (age, systolic blood pressure, etiology of CHF, NYHA
functional class, log-transformed NT-ProBNP, pharmacological treatments, and sodium
levels). We also estimated the adjusted marginal median vasopressin levels by BMI cate-
gories (as a dichotomous variable: non-obese vs. obese; and as a polychotomous variable:
underweight, normal weight, overweight, and obese) after adjusting for potential
confounders.

We also evaluated the associations between BMI, between obesity as compared to
non-obesity, and between vasopressin levels, and all-cause death, using Cox proportional
hazards regression models. Specifically, the analyses of vasopressin adjusted for potential
confounders, which were incorporated into the model using a stepwise selection process.
Smooth spline estimates were also created, displaying the unadjusted relationship be-
tween vasopressin and all-cause mortality.

To assesswhether the association between vasopressin and all-cause deathwasmod-
ified by BMI, interaction tests were conducted, aimed at assessing the statistical signifi-
cance of potential BMI ∗ vasopressin and obesity ∗ vasopressin interaction terms. Also,
provided the clinical importance of LVEF subgroups, analyses were repeated stratifying
by LVEF (b40% vs ≥40%).

Finally, to assess the independent associations between vasopressin and BMI, and be-
tween vasopressin and all-cause death, beyond its correlation with NE (which has been
shown to be independently associated with both [12]), we conducted sensitivity analyses
further adjusting for NE. This was done in the subset of patients in which NE levels were
also available.

All statistical tests and confidence intervals (CI) were constructed with a type I error
alpha level of 5%, with no adjustments for multiplicity. P values below 0.05 were consid-
ered statistically significant. R software (R Foundation for Statistical Computing, Vienna,
Austria), version 3.0.1, was used for all statistical analyses.
3. Results

3.1. Study participants

Of the 1236 patients included in the DAMOCLES study, 104 had
missing data on either vasopressin levels, BMI, or both, and were ex-
cluded from the present analysis. This defined a final study population
of 1132 patients with CHF.
3.2. Baseline characteristics

The baseline characteristics of the study participants are presented
in Table 1, overall and by absence/presence of obesity. Overall, mean
age was 73 years, 43% participants were women, mean BMI was
28 kg/m2, and almost half of the study population had LVEF ≥40%.

Obesity was present in 370 patients (33%). Obese CHF patients were
slightly younger, more frequently female, had a higher mean LVEF than
non-obese patients, and their levels of NTProBNP were significantly
lower. Obese patients also had a significantly higher prevalence of coro-
nary risk factors such as diabetes mellitus and hypertension, while the
prevalence of anemia was lower than in the non-obese group. Other
markers of severity such as NYHA functional class, hemoglobin, renal
function and serum albumin did not differ between the two groups.



Table 1
Baseline characteristics of the study participants.

Overall
(N = 1132)

Non-obese
(N = 762)

Obese
(N = 370)

P value

Age, years 73 (11) 73 (11) 71 (11) b0.001
Female 487 (43) 286 (38) 201 (54) b0.001
BMI, kg/m2 28 (6) 25 (3) 35 (5) b0.001
SBP, mm Hg 124 (22) 122 (22) 128 (21) b0.001
DBP, mm Hg 67 (13) 67 (13) 69 (13) 0.004
Heart rate, bmp 74 (15) 74 (14) 74 (16) 0.874
NYHA functional class

I–II 663 (59) 450 (59) 213 (58) 0.969
III–IV 469 (41) 312 (41) 157 (43) 0.969

LVEF, % 45 (17) 43 (17) 49 (16) b0.001
HFpEFa 547 (48) 325 (43) 222 (60) b0.001
Ischemic cause 426 (38) 299 (39) 127 (34) 0.117
Comorbidities

Hypertension 907 (80) 586 (77) 321 (87) b0.001
Diabetes Mellitus 526 (47) 319 (42) 207 (56) b0.001
CKDb 627 (56) 416 (55) 211 (57) 0.444
COPD 249 (22) 171 (22) 78 (21) 0.646
Anemiac 557 (49) 394 (52) 163 (44) 0.016

Treatments
ACEI or ARBs 841 (74) 561 (74) 280 (76) 0.469
Betablockers 984 (87) 670 (88) 314 (85) 0.159
MRA 432 (38) 309 (41) 123 (33) 0.019
Loop diuretics 1029 (91) 699 (92) 330 (89) 0.186
Antiplatelet/anticoagulant 926 (82) 622 (82) 304 (82) 0.870

Laboratory measurements
Hemoglobin, g/dL 12.6 (2) 12.5 (2) 12.7 (2) 0.302
eGFR-ml/min/1.73m2 59 (25) 60 (24) 58 (25) 0.405
Vasopressin pg/mL 3 (1.4–5.1) 3.2 (1.4–5.3) 2.8 (1.2–4.6) 0.004

NT-pro BNP, pg/mL
1604
(685–3869)

1917
(802–4609)

1145
(497–2502)

b0.001

Data presented as number (%), mean (standard deviation), or median (IQR), as appropriate.
Abbreviations: ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin re-
ceptor blocker; BMI= bodymass index; CKD= chronic kidney disease; COPD= chronic
obstructive pulmonary disease; DBP = diastolic blood pressure; eGFR = estimated glo-
merular filtration rate; HFpPEF = heart failure with preserved ejection fraction; LVEF =
left ventricular ejection fraction; MRA = mineralcorticoid receptors antagonists; NT-pro
BNP = n-terminal pro-brain-type natriuretic peptide; NYHA= New York Heart Associa-
tion; SBP = systolic blood pressure.

a HFpEF was defined as LVEF ≥40%.
b CKD was defined as eGFR b60.
c Anemiawas defined according to theWorld Health Organization criteria: hemoglobin

level b12 g/dL in women, and b13 g/dL in men.
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3.3. Unadjusted relationship between BMI and levels of vasopressin

Fig. 1 displays the crude association between BMI and vasopressin
levels in the study population. The higher the BMI, the lower the levels
of vasopressin (p value for linear trend 0.020). This was particularly true
for BMI values below35 kg/m2. For BMI ≥35 kg/m2, therewas a trend to-
wards rising levels of vasopressin with higher BMI values, nevertheless,
the number of patients was small, the CIswerewide, and the non-linear
component did not reach statistical significance.
3.4. Other clinical characteristics associated with vasopressin

Supplementary Table S1 presents the results of the bivariate analy-
ses on the associations between other clinical characteristics and levels
of vasopressin in the study population. Lower LVEF, worsened renal
function, lower hemoglobin levels and higher levels of natriuretic pep-
tides were significantly associated with higher levels of vasopressin.

Supplementary Table S2 presents the results of the multivariable-
adjusted analyses. After including in themultivariable models all signif-
icant predictors identified in the bivariate analyses, only EGFR, hemo-
globin and BMI (Model 1)/obesity (Model 2) remained independently
associated with log-transformed vasopressin.
3.5. Adjusted association between BMI categories and Levels of Vasopressin

Fig. 2 presents the estimatedmarginal median vasopressin levels by
BMI categories, after adjusting for potential confounders. Median esti-
mated values of vasopressinwere significantly lower in obese compared
to non-obese patients (Fig. 2A: log-transformed vasopressin levels 2.57
[1.5–3.67] vs. 3.16 [2.11–4.23]; p b 0.001). Levels of vasopressin in obese
CHF patientswere also lower than those in underweight, normalweight
and overweight CHF patients (Fig. 2B).

3.6. BMI and all-cause mortality

In unadjusted Cox regression analyses, higher BMI was associated
with a lower risk of mortality (hazard ratio [HR] for a 1 kg/m2 increase
was 0.96 [95% CI 0.94–0.98], p value b0.001). Similarly, obesity
(i.e., BMI ≥30 kg/m2) as compared to non-obesity (i.e., BMI b30 kg/m2)
was associated with a reduced risk of all-cause death (HR 0.70 [95% CI
0.58–0.85], p value b0.001).

3.7. Vasopressin levels and all-cause mortality

Fig. 3 displays the relationship between log-transformed vasopres-
sin levels and all-cause mortality. Rising levels of vasopressin were sig-
nificantly associated with a higher risk of death (p value for the linear
term 0.011). Interaction tests showed that this association did not differ
by BMI (p value for the interaction term 0.218).

In multivariable Cox proportional hazards regression analyses
adjusting for potential confounders, higher levels of vasopressin were
also significantly associated with all-cause mortality (HR was 1.541
[95% CI 1.12–2.01], p value 0.001).

3.8. Sensitivity analyses: NE included in the models

For the analyses further adjusting for NE, the study population
was restricted to 702 DAMOCLES patients, as in 430 patients levels
of NE were not available. In these analyses, NE (HR was 1.633
[95% CI 1.05–2.54], p value 0.030) and vasopressin (HR was 1.533
[95% CI 1.12–2.09], p value 0.008) remained independently associ-
ated with all-cause mortality. In these adjusted models, the associa-
tion between BMI and all-cause death lost the statistical significance
after introducing NE in the model as described previously by our
group [12].

3.9. Subgroup analyses: LVEF b 40% and LVEF ≥ 40%

In analyses stratified by LVEF, vasopressin levels remained lower in
obese as compared to non-obese patients in both strata. In CHF with
preserved LVEF, median estimated log-transformed vasopressin in
obese patients was 2.40 (2.19–2.69) as compared to 3.16 (2.88–3.47)
in non-obese patients; p = 0.001. In patients with CHF and reduced
LVEF, median estimated log-transformed vasopressin in obese patients
was 2.75 (2.45–3.16) as compared to 3.24 (3.02–3.55) in non-obese pa-
tients; p = 0.046. Vasopressin was an independent predictor of all-
cause mortality in both groups.

4. Discussion

In a study of 1132 consecutive CHF patients managed in a multidis-
ciplinary CHF unit, vasopressin levels, which were independently asso-
ciated with all-cause death across the whole spectrum of BMI values,
were significantly lower in obese as compared to non-obese patients.
Also, the higher the BMI, the lower the serum vasopressin levels, at
least for patients with BMI b35 kg/m2. To our understanding, this is
the first study to evaluate the relationship between BMI, vasopressin
and mortality in patients with CHF, across the whole spectrum of BMI
values. Our observations, particularly the independent associations



Fig. 1.Unadjusted relationship between BMI and vasopressin levels in the study population. General AdditiveModel (GAM)model showing the relationship between BMI (in kg/m2) and
levels of vasopressin (log transformed). Abbreviations: BMI = body mass index.
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observed after adjusting for NE levels, suggest that reduced serum levels
of vasopressin could represent an independent mechanism involved in
the survival paradox observed in obese patients with CHF.
Fig. 2. Estimated marginal adjusted vasopressin levels by BMI categories. Fig. 2A compares ob
classified patients in 4 categories: BMI divided into 4 categories (1: underweight, BMI ≤ 21 k
and obese, BMI ≥ 30 kg/m2). Levels of vasopressin (Y axis) are log transformed. Abbreviations:
Our findings are consistent with those from previous studies, in
which other markers of sympathethic activation such as NE were
found to be lower in obese patients with CHF as compared to normal
ese (BMI ≥ 30 kg/m2) and non-obese (BMI b 30 kg/m2) CHF patients; and Fig. 2B further
g/m2; 2: normal weight, BMI N21 and ≤25 kg/m2; overweight, BMI N25 and b 30 kg/m2;
BMI = body mass index.



Fig. 3. Association between levels of vasopressin and all-causemortality. Unadjusted smooth spline estimates of the association between levels of vasopressin and all-causemortality. The
Y axis presents the estimated beta coefficients of risk of all-cause death.
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weight patients [12]. Also, in a study by Esler et al. [18], there were re-
markable differences in the sympathetic activation between normal
weight and obese patients with essential hypertension, the activation
being lower in the latter. Our observation of a positive association be-
tween vasopressin levels and increased mortality is also consistent
with the findings from other groups [19].

It is important to note that increased rather than decreased levels of
vasopressin have been observed in obese patients in a number of studies,
including obese children and teenagers, women with polycystic ovarium
disease, or individuals with metabolic syndrome, among other patient
subgroups [20–24]. In fact, increased levels of vasopressin are known to
be one of the deleterious components of the metabolic syndrome
[23,24]. Nonetheless, the physiopathology of vasopressin in patients
with CHF seems to be different. In these patients, the classical stimuli
that drives vasopressin release (osmotic pathway) is delayed and is er-
ratic. In obese patients from the general population, hypoglycemia,
metoclopramide and nicotine evoke a low vasopressin response, which
are part of the non-osmotic drive [25]. On the other hand, in the presence
of CHF, vasopressin mainly responds to the non-osmotic drive (mostly
driven by reduced cardiac output and potentially hyponatremia and an-
giotensin II) [26]. Therefore, since the physiologic releasing stimuli vary
in the presence of CHF, vasopressin levels, which are usually increased
in obese individuals, paradoxically are decreased in obese patients with
CHF.

Our findings shed light on the mechanisms potentially involved in
the counterintuitive obesity paradox described in patients with CHF
[5,6]. Our group had already proposed a role for NE, which is known
to have deleterious effects and was found to be reduced in obese pa-
tients with CHF [12]. In this context, the present study provides further
insight on the importance of other components of the sympathetic
pathway as underlying mechanisms of the obesity paradox phenome-
non. Importantly, the fact that vasopressin remained associated with
mortality also in obese patients points to the fact that, despite lower
levels ofmarkers of sympathethic activation in this subgroup, neurohor-
monal blockade is still relevant in these patients. Nevertheless, such
blockade may be even more relevant in their lean counterparts.

Of note, in our study thenumber of patientswith BMI N35 kg/m2was
very small. There seemed to be a trend towards higher vasopressin
levels with higher BMI values for BMI values above 35 kg/m2, neverthe-
less, the 95% CIs were wide, leading to great statistical uncertainty on
the specific associations between BMI and vasopressin in this subgroup.
Further studies includingmore patients with very high BMIs are needed
to better understand whether the obesity paradox actually applies in
this subgroup.

4.1. Study limitations

First, the associations between BMI and vasopressin levels were
assessed cross-sectionally (both were measured at baseline), therefore,
although we adjusted for a number potential confounders in the multi-
variable analyses, only association and not causality can be inferred.

Second, in our study we used BMI as the only anthropometric mea-
sure. Of note, BMI has been criticized as it does not discriminate between
fat and lean mass [27]. However, whole-body dual-energy X-ray absorp-
tiometry (DEXA) scans have demonstrated a clear relationship between
BMI, fat mass and fat-free mass [14]. Still, assessing the association be-
tween measures of body composition and neurohormonal activation
would have provided more insights on the features and mechanisms of
the obesity paradox in CHF. Third, in our study, BMI was assessed once,
i.e., we were not able to capture changes in BMI over time.

Fourth, it has been suggested that vasopressin may not be as reliable
as amarker of the vasopressin axis as copeptin. Vasopressin is sometimes
considered unreliable because N90% of the circulating hormone is bound
to thrombocytes, it is a very unstable polypeptide, and it cannot be mea-
sured via sandwich immunoassays [28]. In this context, copeptin, the C-
terminal portion of pro-vasopressin, has been proposed as an alternative,
as it is structurally more stable and may remain stable for several days at
room temperature ex vivo. A strong correlation between copeptin and va-
sopressin over a wide range of osmolalities has been found, therefore
allowing it to become a surrogate marker of the vasopressin system
[29]. However, the measurement of vasopressin by radioimmunoassay
has been validated, and consequently, is used more often [30]. Finally,
the number of patients with very high BMIs was very small. This may
limit the generalizability of our findings to other environments where se-
vere obesity ismore prevalent, such as the US [31]. The fact that thiswas a
single center studymay have also limited the generalizability of our find-
ings, and further, multicenter studies are needed to replicate these
findings.

5. Conclusions

In a large population of CHF patients treated in a multidisciplinary
CHF unit, BMI and obesity were independently, inversely associated
with serum levels of vasopressin. Vasopressin, which was associated
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with all-cause death across the entire spectrum of BMI values, may rep-
resent an independentmechanism involved in the survival paradox ob-
served in obese patients with CHF. Further, larger studies are needed to
better understand whether these findings also apply to patients with
BMI N35 kg/m2.
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