
Vol.:(0123456789)1 3

Clinical Research in Cardiology (2019) 108:1215–1225 
https://doi.org/10.1007/s00392-019-01453-7

ORIGINAL PAPER

Mean BMI, visit-to-visit BMI variability and BMI changes during follow-
up in patients with acute myocardial infarction with systolic 
dysfunction and/or heart failure: insights from the High-Risk 
Myocardial Infarction Initiative

Susan Stienen1   · João Pedro Ferreira1,2 · Nicolas Girerd1 · Kévin Duarte3,4,5 · Zohra Lamiral1 · John J. V. McMurray6 · 
Bertram Pitt7 · Kenneth Dickstein8 · Faiez Zannad1 · Patrick Rossignol1 · For the High-Risk Myocardial Infarction 
Database Initiative

Received: 2 August 2018 / Accepted: 13 March 2019 / Published online: 5 April 2019 
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Background  In patients with acute myocardial infarction (MI), BMI < 18.5 kg/m2 and a decrease in BMI during follow-up 
have been associated with poor prognosis. For BMI ≥ 25 kg/m2, an “obesity paradox” has been suggested. Recently, high 
visit-to-visit BMI variability has also been associated with poor prognosis in patients with coronary artery disease.
Aims  To simultaneously evaluate several BMI measurements and study their association with cardiovascular (CV) outcomes 
in a large cohort of patients with acute myocardial infarction (MI) and left ventricular (LV) systolic dysfunction, heart failure 
(HF) or both.
Methods  The high-risk MI dataset is pooled from four trials: CAPRICORN, EPHESUS, OPTIMAAL and VALIANT. 
Mean BMI, change from baseline, and variability were assessed during follow-up. The primary outcome was CV death. 
Cox-proportional hazard models were performed to study the association between the various BMI parameters and outcomes 
(median follow-up = 1.8 years).
Results  A total of 12,719 patients were included (72% male, mean age 65 ± 11 years). Mean, change and visit-to-visit vari-
ability in BMI had a non-linear association with CV death (P < 0.001). Mean BMI < 26 kg/m2 (vs. ≥ 26–35 kg/m2) and BMI 
decrease during follow-up were independently associated with CV death (adjusted HR 1.32, 95% CI 1.16–1.51, P < 0.001 
and adjusted HR 1.57, 95% CI 1.40–1.76, P < 0.001, respectively). Low and high BMI variability (< 2% and > 4%) were 
associated with increased event-rates, but lost statistical significance in sensitivity analysis including patients with ≥ 5 
measurements or excluding patients with HF hospitalization, suggesting that BMI variability may be particularly associated 
with HF hospitalizations.
Conclusion  Mean BMI < 26 kg/m2 and a BMI decrease during follow-up were independently associated with CV death in 
patients with MI and LV systolic dysfunction, HF or both. These associations likely reflect poorer patient status and causal-
ity cannot be inferred.

Keywords  Acute myocardial infarction · Systolic dysfunction · Body mass index · Prognosis · Variability

Introduction

In patients with acute myocardial infarction (MI), a low 
body mass index (BMI) (< 18.5 kg/m2) is associated with 
poor outcomes [1, 2]. The association between high BMI 
(> 25 kg/m2) and outcome is, however, less clear with either 
a similar [3, 4] or lower risk [5–8] compared to a normal 
BMI (18–25 kg/m2). This phenomenon is also observed in 
heart failure (HF) patients [9, 10]. Based on these studies, 
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an “obesity paradox” has been suggested where obesity in 
patients with established cardiovascular (CV) disease may 
be protective in contrast to the general population [11–13]. 
An important concern here is reverse causality; i.e., it is 
not that a low BMI causes mortality, but rather that sicker 
patients have a lower BMI. In keeping with the above, 
weight loss in patients with acute MI and signs of HF has 
been associated with poor outcomes [14]. However, there 
may be a difference in prognosis between intentional and 
unintentional weight loss. For example, patients with coro-
nary artery disease (CAD) who lost weight during cardiac 
rehabilitation (vs. those who did not) had better outcomes 
[15].

In a recent study, higher body weight visit-to-visit vari-
ability in patients with established coronary artery disease 
was associated with a higher rate of CV events [16]. How-
ever, the associations of visit-to-visit variability in BMI with 
outcomes have not been assessed in patients with acute MI 
complicated by systolic dysfunction, HF or both. To date, 
no studies have simultaneously evaluated mean BMI during 
follow-up and changes in BMI in acute MI patients compli-
cated by HF.

The aim of the present study is to assess the association 
between mean BMI, change in BMI through follow-up and 
visit-to-visit variability in BMI and CV death in a large 
cohort of patients with acute MI complicated by left ven-
tricular (LV) systolic dysfunction, HF or both.

Methods

Study population

The High-Risk MI initiative consists of a previously pub-
lished cohort of pooled patient data derived from four rand-
omized, controlled, double-blind clinical trials in high-risk 
survivors of MI [17]. The main objective of this initiative 
was to use this large database to perform analyses of long-
term outcomes in MI patients with LV dysfunction and/
or HF. The cohorts included in this high-risk MI database 
are: the effect of Carvedilol on Outcome after Myocardial 
Infarction in Patients with Left Ventricular Dysfunction 
trial (CAPRICORN) [18, 19], the Eplerenone Post-Acute 
Myocardial Infarction Heart Failure Efficacy and Survival 
Study (EPHESUS) [20, 21], the Optimal Trial in Myocardial 
Infarction with Angiotensin II Antagonist Losartan (OPTI-
MAAL) [22, 23], and the Valsartan in Acute Myocardial 
Infarction trial (VALIANT) [24, 25]. Detailed characteristics 
of the cohorts included in this initiative have previously been 
published [17]. Each trial enrolled patients with LV systolic 
dysfunction, HF or both between 12 h and 21 days after 
MI. Baseline laboratory measurements and demographic 
data were obtained at the time of inclusion in the trials. All 

studies were approved by the ethical committees in their 
respective centers and all participants gave written informed 
consent to participate in the studies.

BMI

BMI was defined as body mass (in kilograms) divided by 
the square of body height (in meters) and expressed in units 
of kg/m2. Mean BMI levels were calculated from the BMI 
assessments at each follow-up visit. Change in BMI was cal-
culated as the percentage change between the last available 
measurement and baseline measurement. BMI variability 
was calculated as the coefficient of variation, which is the 
ratio of the standard deviation (SD) to the mean [CV = (SD/
mean) × 100] (Pearson’s correlation coefficient between the 
coefficient of variation and the SD is 0.92, such that they 
can be used interchangeably). Importantly, only BMIs which 
were measured prior to a given event were used for the cal-
culation of BMI variability to be used in the models focus-
ing on this event. For instance, for CV hospitalization, BMI 
recorded after the occurrence of CV hospitalization was not 
used to create BMI variability. Conversely, all BMI measure-
ments (i.e., the BMI measured prior to CV hospitalization 
and all subsequent BMI measurements) were used to gener-
ate the BMI variability variable used in models focusing on 
mortality.

Endpoints

The primary endpoint of the present study was CV mortality. 
Secondary endpoints were all-cause mortality, a composite 
of CV death or CV hospitalization, and CV hospitalization. 
Patients with at least two BMI measurements during follow-
up were included in the analyses. Endpoints were indepen-
dently adjudicated in the respective trials.

Statistical analysis

Categorical data are presented as frequencies and percent-
ages and compared using Fisher’s exact test. Continuous 
variables are reported as mean ± SD or median with inter-
quartile range (IQR) and compared using Student’s t tests 
(or ANOVA) or Mann–Whitney U (or Kruskal–Wallis) tests, 
as appropriate. Linearity between mean, percentage change 
and visit-to-visit variability and the hazard of outcome was 
assessed using restrictive cubic splines with 5 knots (5th, 
25th, 50th, 75th, and 95th percentile), shown in the Sup-
plemental Fig. 1. The splines were adjusted for the same 
variables as in the Cox regression analyses (see below). The 
association of the mean BMI with the studied outcomes was 
non-linear. Patients with a mean BMI < 26 kg/m2 and those 
with a mean BMI > 35 kg/m2 had higher event rates, com-
pared with patients with a BMI between 26 and 35 kg/m2. 
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There was a linear association between low (< 26 kg/m2) 
and high BMI (> 35 kg/m2) and outcome, i.e., patients with 
a mean BMI of 20 kg/m2 had higher event rates compared 
to patients with a mean BMI of 25 kg/m2. To account for the 
shape of the aforementioned associations, the mean BMI 
was further analyzed in categories (BMI < 26 vs. 26–35 vs. 
≥ 35 kg/m2). For percentage change in BMI, there was a 
linear association between the increase in BMI and improved 
outcome and a neutral effect for decreasing levels of BMI. 
Percentage change in BMI was, therefore, analyzed dichoto-
mously (decrease vs. stable/increase). For BMI variability, 
there was an increase in risk of events for patients with a 
variability < 2% and > 4% compared with patients with BMI 
variability from 2 to 4%. Consequently, BMI variability was 
categorized as < 2%, 2–4% and > 4%.

Cox proportional hazard regression models were used 
to assess the associations between mean, change and visit-
to-visit variability in BMI and long-term events in uni-
variable and multivariable analysis. Proportional hazards 
assumptions for the dependent variables were verified with 
log[− log(survival)] plots for the aforementioned BMI cat-
egories. Proportional hazards assumptions were met. In the 
multivariable models, adjustments were made for variables 
previously found to be clinically relevant and associated with 
outcomes in this cohort: age, gender, Killip class, estimated 
glomerular filtration rate, glucose, hemoglobin, systolic 
blood pressure at baseline, smoking status, history of hyper-
tension, diabetes, HF history, previous MI, previous stroke, 
peripheral arterial disease, atrial fibrillation, heart rate, beta-
blockers and diuretics [26, 27]. Models were not adjusted for 
left ventricular ejection fraction, prescription of angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers 
and a history of coronary artery bypass graft or percutaneous 
coronary interventions due to the high percentage of missing 
values (40%). No data imputation was performed.

Additional sensitivity analyses were performed in sub-
sets of patients with (1) ≥ 3 BMI measurements, (2) ≥ 5 BMI 
measurements, and (3) without hospitalization for HF during 
follow-up.

Statistical analyses were performed using SPSS 24 (IBM 
inc., Armonk, NY) and R (The R Foundation for Statistical 
Computing, Vienna, Austria). A P value of < 0.05 was con-
sidered statistically significant.

Results

Baseline characteristics and outcomes

A total number of 12,719 patients were included in the pre-
sent analyses (72% male, age 65 ± 11 years, baseline BMI 
range 13–103 kg/m2), 1195 (9%) of whom died from cardio-
vascular causes during follow-up. Mean follow-up duration 

was 2.0 ± 0.9 years for survivors at the end of follow-up vs. 
0.9 ± 0.8 years for patients with CV death. Patients who died 
during follow-up, compared to those who did not, had a 
lower BMI at baseline (27.0 ± 5.4 kg/m2 vs. 27.3 ± 5.0 kg/m2, 
P = 0.03), lower mean BMI during follow-up (26.7 ± 5.5 kg/
m2 vs. 27.4 ± 5.1 kg/m2, P < 0.001), lower last BMI measure-
ment (26.5 ± 5.6 kg/m2 vs. 27.5 ± 5.4 kg/m2, P < 0.001), a 
significantly greater reduction in BMI from baseline during 
follow-up (− 1.4% ± 7.2 vs. 0.8% ± 9.2, P < 0.001), and lower 
visit-to-visit BMI variability during follow-up (3.0 ± 2.6 vs. 
3.2 ± 2.3, P = 0.001).

Mean BMI

Patients with a mean BMI < 26 vs. 26–35 or > 35 kg/m2 
were older, more often male and current smokers, had lower 
LVEF, had less frequently a history of HF, hypertension and 
diabetes mellitus, but had more often atrial fibrillation and 
past stroke. At baseline, they had a lower systolic blood pres-
sure, worse renal function, lower hemoglobin and glucose. 
They also received less ACEi or ARBs, diuretics and beta-
blockers (Table 1). Crude and adjusted hazard ratios (HRs) 
for the association between mean BMI and endpoints are 
depicted in Table 2 (and Supplemental Fig. 2C). A BMI < 26 
compared to 26–35 kg/m2 was significantly associated with 
higher rates of CV death, all-cause mortality and the com-
posite of CV mortality or CV hospitalizations. There was a 
trend towards a significant association for CV hospitaliza-
tions. We observed a numerically (but not statistically sig-
nificant) higher HR for CV death for patients with BMI < 20 
compared to 20–25 kg/m2, likely due the low number of 
patients with a BMI < 20 kg/m2 (N = 298; Supplemental 
table 1). A BMI > 35 kg/m2 (compared to 26–35 kg/m2) 
was not associated with adverse outcomes in the adjusted 
multivariate analyses.

Change in BMI

In 5683 (45%) patients, BMI decreased during follow-up. 
Baseline characteristics of the study groups according to 
BMI change are depicted in Supplemental Table 2. Patients 
with a decrease in BMI were significantly older, more often 
female and current smokers. These patients had a worse 
renal function, higher systolic blood pressure and heart rate 
at baseline, and more often a history of HF, hypertension, 
atrial fibrillation, and stroke.

After adjustment for several clinical variables (includ-
ing baseline BMI), a decrease in BMI during follow-up 
was independently associated with CV death and all-cause 
death (Table 2 and Supplemental Fig. 2C). There was no 
significant association between a decrease in BMI and the 
composite of CV death or CV hospitalization or CV hos-
pitalizations alone. Patients with a decrease in BMI during 
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follow-up had higher baseline BMI levels (Table 3), with-
out significant interaction or correlation between baseline 
BMI and decrease in BMI during follow-up (P for interac-
tion = 0.31; Pearson r = 0.1).

BMI variability

Baseline characteristics of patients according to catego-
ries of visit-to-visit BMI variability are depicted in Sup-
plemental Table 3. Patients with a BMI variability < 2% 
compared to 2–4% were older, more likely to be male and 
current smokers and more often had a history of MI, HF 
and hypertension. They had a slightly better LVEF, higher 
systolic blood pressure, higher levels of potassium, lower 
glucose, and worse renal function. Patients with a high 
variability (> 4%) (compared to 2–4%) were more often 

diabetics and had peripheral artery disease, had the low-
est systolic blood pressure and most often a poor Killip 
class (3/4).

After adjustment for several clinical variables (includ-
ing baseline BMI), low variability in BMI (< 2%) during 
follow-up was significantly associated with higher rates of 
CV death, all-cause death, the composite of CV death or 
CV hospitalization, and CV hospitalization alone (Table 2 
and Supplemental Fig. 2C). High BMI variability (> 4%) 
during follow-up was significantly associated with higher 
rates of CV death, all-cause death but not with the composite 
endpoint of CV death or CV hospitalization or CV hospi-
talization alone. There was no interaction with baseline BMI 
levels (P for interaction = 0.67). Baseline and mean BMI did 
not differ between patients with a variability < 2% vs. 2–4% 
vs. > 4% (Table 3).

Table 1   Baseline characteristics according to mean BMI levels

BMI body mass index, SBP systolic blood pressure, LVEF left ventricular ejection fraction, eGFR estimated glomerular filtration rate, MI myo-
cardial infarction, Afib atrial fibrillation, HF heart failure, PAD peripheral arterial disease, ACE/ARB angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers, SD standard deviation

Overall, (N = 12,719) BMI < 26 kg/m2, 
(N = 5426)

BMI 26–35 kg/m2, 
(N = 6699)

BMI > 35 kg/m2, 
(N = 594)

P value

Age (years), mean ± SD 64.7 ± 11.0 66.7 ± 11.1 63.5 ± 10.6 59.7 ± 10.5 < 0.001
Female, n (%) 3551 (27.9%) 1470 (27.1%) 1839 (27.5%) 242 (40.7%) < 0.001
Smoking status, n (%)
 Current 4628 (36.4%) 2042 (37.7%) 2377 (35.5%) 209 (35.2%) 0.032
 Never 4148 (32.6%) 1779 (32.8%) 2173 (32.5%) 196 (33.0%)
 Former 3936 (31.0%) 1601 (29.5%) 2146 (32.0%) 189 (31.8%)

Killip class, n (%)
 1 3761 (29.7%) 1606 (29.7%) 1935 (29.0%) 220 (37.2%) 0.001
 2 7204 (56.8%) 3052 (56.4%) 3855 (57.8%) 297 (50.2%)
 3 1451 (11.4%) 627 (11.6%) 758 (11.4%) 66 (11.1%)
 4 259 (2.0%) 125 (2.3%) 125 (1.9%) 9 (1.5%)

LVEF, mean ± SD 33.2 ± 6.0 32.8 ± 6.3 33.5 ± 5.8 32.9 ± 6.2 < 0.001
ACEi/ARB, n (%) 6744 (84.6%) 2700 (82.8%) 3658 (85.5%) 386 (88.7%) < 0.001
Diuretic, n (%) 4734 (37.2%) 1977 (36.4%) 2480 (37.0%) 277 (46.6%) < 0.001
Beta blocker, n (%) 6849 (62.6%) 2824 (60.1%) 3730 (64.3%) 295 (65.6%) < 0.001
Previous MI, n (%) 3007 (23.6%) 1290 (23.8%) 1576 (23.5%) 141 (23.7%) 0.95
Afib, n (%) 1398 (11.0%) 655 (12.1%) 690 (10.3%) 53 (8.9%) 0.002
HF history, n (%) 1931 (15.2%) 800 (14.7%) 995 (14.9%) 136 (22.9%) < 0.001
PAD, n (%) 1008 (7.9%) 456 (8.4%) 513 (7.7%) 39 (6.6%) 0.14
Hypertension history, n (%) 6396 (50.3%) 2374 (43.8%) 3636 (54.3%) 386 (65.0%) < 0.001
Diabetes, n (%) 3135 (24.6%) 999 (18.4%) 1866 (27.9%) 270 (45.5%) < 0.001
History of stroke, n (%) 919 (7.2%) 443 (8.2%) 433 (6.5%) 43 (7.2%) 0.002
Hemoglobin (g/dL), mean ± SD 13.4 ± 1.6 13.2 ± 1.6 13.5 ± 1.6 13.4 ± 1.6 < 0.001
Potassium (mmol/L), mean ± SD 4.3 ± 0.5 4.3 ± 0.5 4.3 ± 0.5 4.3 ± 0.5 1
Sodium (mmol/L), mean ± SD 139.6 ± 3.9 139.5 ± 4.2 139.7 ± 3.7 139.5 ± 3.8 0.034
Glucose (mmol/L), mean ± SD 7.3 ± 3.4 7.0 ± 3.3 7.4 ± 3.3 8.1 ± 3.6 < 0.001
SBP (mmHg), mean ± SD 120.9 ± 16.7 119.1 ± 16.6 122.0 ± 16.6 125.2 ± 17.8 < 0.001
Heart rate (bpm), mean ± SD 74.8 ± 12.5 74.8 ± 12.7 74.7 ± 12.3 76.4 ± 12.4 0.007
eGFR (mL/min/1.73 m2), mean ± SD 67.2 ± 20.1 66.3 ± 20.2 67.9 ± 20.0 68.8 ± 19.6 < 0.001
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Sensitivity analyses

A sensitivity analysis was performed including only patients 
with ≥ 3 BMI measurements during follow-up (N = 12,218) 
providing similar associations to those described in the main 
analysis (Supplemental Table 4). In another sensitivity anal-
ysis comprising only patients with ≥ 5 BMI measurements 
(N = 11,255), a mean BMI < 26 kg/m2 and decrease in BMI 
remained independently associated with CV death. The 
association between low variability (< 2%) and CV death 
lost its statistical significance in this sensitivity analysis 
(Table 4). An additional sensitivity analysis was performed 
excluding patients with hospitalization for HF during fol-
low-up (N = 11,226), providing similar associations as those 
observed in the main analyses except for the association 
between BMI variability > 4% and CV death which lost its 
significance (Supplemental Table 5).

Discussion

The present study simultaneously assessed the association 
between several BMI measurements in a large population of 
acute MI patients with LV systolic dysfunction, HF or both. 
Three key findings were identified: (1) a mean BMI < 26 kg/
m2; (2) a decrease in BMI during follow-up; and (3) a low 
(< 2%) and high (> 4%) BMI variability was associated with 
higher CV death rates.

Mean BMI

Patients with a mean BMI < 26 kg/m2 were older, more 
often male, had lower systolic blood pressure, worse renal 

function, lower glucose at baseline and more often had atrial 
fibrillation. These are variables previously found to indepen-
dently predict poor prognosis in patients with acute coronary 
syndromes and HF [28–31]. After adjustment for potential 
confounders, mean BMI < 26 kg/m2 (vs. a BMI between 26 
and 35 kg/m2) remained an independent predictor of CV 
mortality.

Previous studies investigating the association between 
baseline BMI levels and outcome in patients with estab-
lished heart disease demonstrated an “obesity paradox” 
in which obesity was associated with a better prognosis 
when compared to a normal BMI [5–7]. However, based 
on the assessment of the shape of the associations using 
spline-transformed variables, we found that patients with 
a mean BMI < 26 or > 35 kg/m2 were at increased risk for 
adverse outcomes compared to patients with a mean BMI 
between 26 and 35 kg/m2 in univariate analyses. However, 
after adjustment for potential confounders, the association 
between BMI > 35 kg/m2 and the studied outcomes lost sta-
tistical significance, suggesting that other patient-related 
factors (e.g., age, blood pressure, and comorbid conditions) 
may play a more important prognostic role in obese patients, 
blunting the prognostic associations for high BMI. This is in 
line with a recent meta-analysis that evaluated associations 
between BMI and all-cause mortality in HFrEF patients 
that demonstrated comparable risks for patients with BMI 
exceeding 24 kg/m2 [32]. Disease-related BMI changes may, 
therefore, represent an important confounder (i.e., an indi-
cation of reverse causation). However, a “low” mean BMI 
remained independently associated with CV death, after 
multiple adjustment and in sensitivity analyses, suggest-
ing that patients with a MI and systolic dysfunction and/or 
HF plus “low” (< 26 kg/m2 in the present study) BMI may 

Table 3   Body mass index descriptives for mean, change, and BMI variability

*,#,¥Significant differences (with P < 0.05) between studied BMI categories

Baseline BMI 
(mean ± SD)

Mean BMI 
(mean ± SD)

Last BMI 
(mean ± SD)

Percentage 
BMI change 
(mean ± SD)

Percentage patients 
a decrease in BMI 
[%, (N)]

Number of BMI 
measurements 
(mean ± SD)

Complete cohort 27.3 ± 5.1 27.3 ± 5.2 27.5 ± 5.4 0.6 ± 9.0 41% (5232) 7.4 ± 2.2
Mean BMI
< 26 kg/m2 23.7 ± 2.2*,# 23.5 ± 1.9*,# 23.5 ± 2.2*,# − 0.5 ± 7.9*,# 46% (2473)*,# 7.3 ± 2.3*,#

26–35 kg/m2 29.0 ± 2.7*,¥ 29.1 ± 2.3*,¥ 29.3 ± 2.6*,¥ 1.1 ± 7.9*,¥ 38% (2558)*,¥ 7.5 ± 2.2*
> 35 kg/m2 40.4 ± 9.9#,¥ 41.6 ± 10.2#,¥ 41.9 ± 10.8#,¥ 4.9 ± 20.7#,¥ 34% (201)#,¥ 7.5 ± 2.4#

Change in BMI
Decrease 27.9 ± 5.0* 26.8 ± 4.8* 26.4 ± 4.8* − 6.4 ± 5.2* 100% 7.2 ± 2.3*
Increase 26.8 ± 5.1* 27.7 ± 5.4* 28.2 ± 5.6* 5.5 ± 7.8* 0% 7.5 ± 2.2*
BMI variability
< 2% 27.3 ± 5.0 27.3 ± 5.0 27.3 ± 5.1 − 0.1 ± 4.1*,# 39% (1627)# 6.8 ± 2.4*,#

2–4% 27.4 ± 5.1 27.4 ± 5.1 27.5 ± 5.3 0.8 ± 7.1* 40% (2123)¥ 7.7 ± 2.0*
> 4% 27.1 ± 5.1 27.2 ± 5.4 27.3 ± 6.0 1.2 ± 14.5# 45% (1482)#,¥ 7.7 ± 2.2#
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benefit from a closer follow-up. Additionally, for patients 
with a mean BMI below 26 kg/m2 it is important to realize 
that there is a linear increase in risk for lower BMIs, i.e., 
a BMI of 20 kg/m2 is associated with a higher event rate 
compared to a BMI of 25 kg/m2.

Decrease in BMI

Similar to previous studies in CAD and HF, a decrease in 
BMI was also associated with poorer outcomes in our study 
[14, 33]. Baseline characteristics of patients with a decrease 
in BMI vs. a stable/increase in BMI demonstrated poor prog-
nostic variables such as older age, a history of HF as well as 
several comorbidities including renal insufficiency, hyper-
tension and stroke. In contrast to a smaller study in obese 
HF patients, we did not observe an interaction between obe-
sity status, BMI decrease and outcomes [34]. In the present 
series, a BMI decrease was associated with worse outcomes, 
regardless of baseline BMI.

Despite the epidemiological uncertainties regarding 
survival of obese patients with CAD and/or HF, there are 
several potentially beneficial effects of weight loss such as 
greater functional capacity and improved quality of life, 
improved glycemia or even remission from diabetes, reduc-
tions in coronary and cerebrovascular events, and increased 
freedom from atrial fibrillation [35, 36]. A differential effect 
on outcome for intentional (improved outcome) and uninten-
tional (decreased outcome) weight loss has been alluded to 
in a previous meta-analysis in 35,335 CAD patients [37]. In 
HF patients, an observational study showed an association 
between bariatric surgery and fewer HF exacerbations [38]. 
However, prospective randomized clinical trials on (inten-
tional) weight loss in MI patients with systolic dysfunction 
are lacking.

Some of the patients in the present study might have 
presented with unintentional weight loss, which (itself) can 
be associated with worse outcomes. Weight loss remained 
independently associated with CV death, after multiple 
adjustment and sensitivity analyses. Thus, the finding of an 
unintentional weight loss should raise awareness of clini-
cians and lead to a thorough investigation of the potential 
weight loss causes.

BMI variability

It was recently demonstrated that fluctuations in BMI in 
patients with CAD (without HF) were associated with a poor 
prognosis [16]. Variability in BMI in HF patients may poten-
tially reflect changes in body-fluid status and our subsequent 
hypothesis was that higher variability in BMI would be asso-
ciated with a poor prognosis. Interestingly, we observed that 
patients with low (< 2%) and high (> 4%) BMI variability 
(compared to patients with BMI variability between 2 and 

4%) had an increased risk of CV death, independently of 
conventional risk factors.

In a sensitivity analysis including only patients with 
≥ 5 available BMI measurements, a high BMI variability 
remained associated with worse outcomes, but not low 
BMI variability. However, this may reflect loss of statisti-
cal power: patients with low variability had significantly 
fewer BMI measurements compared to the other patients 
with higher percentages of variability (Table 3), possibly 
resulting in lower BMI variability. Low variability in our 
study may, therefore, reflect an older and sicker population 
of patients who died shortly after baseline, and hence were 
not included in the sensitivity analysis including 5 or more 
measurements. When excluding patients with HF hospitali-
zations from the analyses, the outcome associations of high 
BMI variability also lost statistical significance, suggesting 
that patients with high weight variations were those more 
likely to be hospitalized for HF (although we also cannot 
exclude loss of statistical power). In either case, the finding 
of a patient with extreme BMI fluctuations should lead to an 
investigation of the potential underlying causes.

Implications for clinicians and further research

Current ESC guidelines for MI and HF have differing recom-
mendations for weight management. For MI patients, weight 
loss is recommended when BMI levels exceed 25 kg/m2 
[39]. However, HF guidelines only recommend weight loss 
in severely obese patients (BMI ≥ 35 kg/m2) with the reason-
ing that there is no evidence for a beneficial prognostic effect 
of weight control (given the lack of randomized controlled 
trials), in combination with a potential “protective” effect of 
obesity as suggested from observational studies [40].

Although certain studies have attributed the obesity par-
adox to a higher metabolic reserve presumably present in 
obese patients [41, 42], the observed associations are more 
likely due to reverse causation, i.e., BMI reflects the state 
of disease. Several findings in the present study accordingly 
suggest reverse causation. First, patients in our study who 
died vs. those who survived had a lower BMI at baseline and 
at the last follow-up measurement. Second, patients with a 
BMI < 26 kg/m2 (vs. ≥ 25) and a BMI decrease (vs. stable/
increase) during follow-up already had a “worse” risk pro-
file at baseline. Moreover, the associations between mean 
BMI < 26 kg/m2 and a decrease in BMI with poor prognosis 
were mostly driven by death, and not hospitalizations. This 
suggests that low mean BMI and change in BMI are charac-
teristics of sick patients who are more likely to die.

Notwithstanding, it is clear from the present and previous 
studies that patients with a mean BMI < 26 kg/m2 and/or a 
decrease in BMI during follow-up are sick patients at high 
risk of dying. A low BMI and/or decrease in BMI likely 
reflect poorer patient status and cachexia. Physicians should, 
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therefore, be alert for a mean BMI < 26 kg/m2 (and not a 
BMI of 18.5, which is often the cut-off threshold used in 
clinical practice [43]) and a decrease in BMI during follow-
up. Until randomized controlled trial trials on the prognostic 
effect of intentional weight loss in patients with established 
heart disease are available, whether there is a “true” protec-
tive effect of obesity will remain unknown. In addition, there 
is also a need to prospectively assess programs targeting 
an increase in weight in patients with lower BMIs and/or 
decrease in BMI during follow-up.

Limitations

Several limitations to this study should be mentioned. First, 
the present is a post hoc analysis conducted in a specific 
population of high-risk acute MI patients with LV systolic 
dysfunction, HF or both and the results may, therefore, not 
be generalizable to other patient populations.

Secondly, although BMI is most frequently used for clas-
sification of obesity, BMI may not accurately distinguish 
between percentage body fat and lean mass. It has been 
shown that these measurements, when combined with BMI, 
were superior to only BMI in predicting mortality risk in 
CAD patients [44]. Unfortunately, we did not have informa-
tion on other adiposity measurements such as waist circum-
ference and waist-to-hip ratio. Our aim was, however, not to 
improve risk stratification in these patients but rather to study 
serial BMI measurements to compare our results to other 
studies that have previously showed an “obesity paradox”.

Thirdly, our high-risk MI database consists of four patient 
cohorts and there is a possibility that some of the weight and 
height measurements were self-reported by patients which 
may introduce a reporting-bias. However, systematic errors 
are unlikely given the large number of patients and measure-
ments. As mentioned earlier, we were not able to compare 
patients based on intentional or unintentional weight changes 
since these data were not collected in the initial studies.

Fourthly, although extensive adjustments were performed 
to correct for potential confounding, there remains the pos-
sibility of residual confounding by unmeasured variables. 
For example, we did not have any information regarding bio-
markers (i.e., natriuretic peptides, troponin T and CK-MB), 
severity of CAD, infarct size and medication dosages or 
changes during this study. Moreover, there was no avail-
able information on signs of congestion (such as peripheral 
edema) during follow-up, which may influence the asso-
ciation between the assessed BMI measurements and out-
come. In addition, more than 40% of patients had missing 
data on their LVEF, the use of ACEi/ARBs and a history 
of coronary artery bypass grafting or percutaneous coro-
nary interventions and we were, therefore, not able to adjust 
for these variables. This may have influenced the results. 
Additionally, we did not have any information on treatment 

during follow-up and it may be that patients with low (or 
high) BMIs received less appropriate treatments. Hospitali-
zations for HF may confound the association between the 
studied BMI measurements and outcome. A strength of our 
study is that HF hospitalization was added as a time-varying 
covariate to the models and a sensitivity analysis was per-
formed excluding patients with an HF hospitalization. This 
did not change any of the observed associations for mean 
BMI or change in BMI. Furthermore, frailty and nutrition 
status were previously associated with poor outcome [45] 
but unfortunately we did not have any information on these 
variables. However, it has been shown in a previous study 
that after adjustment for several measures of frailty, comor-
bidities and laboratory markers of nutritional status, being 
underweight still remained predictive of poor prognosis [2].

Lastly, unfortunately we did not have information on the 
dates of BMI measurements which precluded a landmark 
analysis including patients with BMI measurements during 
comparable time frames.

Conclusion

Mean BMI < 26 kg/m2 (compared to > 26 kg/m2) and a 
decrease in BMI during follow-up (compared to a stable/
increase in BMI) were independently associated with poor 
outcome in a large cohort of patients with MI complicated 
by LV systolic dysfunction, HF or both. Despite the lack of 
causal inference, from a clinical perspective, a BMI < 26 kg/
m2 and decreasing BMI identified in routine practice in 
patients following complicated MI should raise a poten-
tial concern since they were independently associated with 
worse outcomes. Ultimately, only randomized controlled tri-
als evaluating intentional weight loss in this population may 
provide therapeutic guidance.

Acknowledgements  The authors thank Pierre Pothier for editing 
the manuscript. SS, JF, NG, PR were supported by a Contrat de Plan 
Etat Lorraine, FEDER, and a public grant overseen by the French 
National Research Agency (ANR) as part of the second “Investisse-
ments d’Avenir” program (reference: ANR-15-RHU-0004), and 
GEENAGE Impact Lorraine Université d’Excellence—reference 
ANR-15-IDEX-04-LUE.

References

	 1.	 Abdulla J, Kober L, Abildstrom SZ, Christensen E, James WP, 
Torp-Pedersen C (2008) Impact of obesity as a mortality pre-
dictor in high-risk patients with myocardial infarction or chronic 
heart failure: a pooled analysis of five registries. Eur Heart J 
29:594–601

	 2.	 Bucholz EM, Krumholz HA, Krumholz HM, Underweight 
(2016) Markers of cachexia, and mortality in acute myocardial 



1224	 Clinical Research in Cardiology (2019) 108:1215–1225

1 3

infarction: a prospective cohort study of elderly medicare ben-
eficiaries. PLoS Med 13:e1001998

	 3.	 Gregory AB, Lester KK, Gregory DM, Twells LK, Midodzi WK, 
Pearce NJ (2017) The relationship between body mass index and 
the severity of coronary artery disease in patients referred for 
coronary angiography. Cardiol Res Pract 2017:5481671

	 4.	 Herrmann J, Gersh BJ, Goldfinger JZ, Witzenbichler B, Gua-
gliumi G, Dudek D, Kornowski R, Brener SJ, Parise H, Fahy 
M, McAndrew TC, Stone GW, Mehran R (2014) Body mass 
index and acute and long-term outcomes after acute myocardial 
infarction (from the Harmonizing Outcomes With Revasculari-
zation and Stents in Acute Myocardial Infarction Trial). Am J 
Cardiol 114:9–16

	 5.	 Bucholz EM, Beckman AL, Krumholz HA, Krumholz HM 
(2016) Excess weight and life expectancy after acute myocar-
dial infarction: the obesity paradox reexamined. Am Heart J 
172:173–181

	 6.	 Niedziela J, Hudzik B, Niedziela N, Gasior M, Gierlotka M, 
Wasilewski J, Myrda K, Lekston A, Polonski L, Rozentryt P 
(2014) The obesity paradox in acute coronary syndrome: a meta-
analysis. Eur J Epidemiol 29:801–812

	 7.	 O’Brien EC, Fosbol EL, Peng SA, Alexander KP, Roe MT, 
Peterson ED (2014) Association of body mass index and long-
term outcomes in older patients with non-ST-segment-elevation 
myocardial infarction: results from the CRUSADE Registry. Circ 
Cardiovasc Qual Outcomes 7:102–109

	 8.	 Wienbergen H, Gitt AK, Juenger C, Schiele R, Heer T, Towae F, 
Gohlke H, Senges J, Group MPs (2008) Impact of the body mass 
index on occurrence and outcome of acute ST-elevation myocar-
dial infarction. Clin Res Cardiol 97:83–88

	 9.	 Fonarow GC, Srikanthan P, Costanzo MR, Cintron GB, Lopatin 
M, Committee ASA, Investigators (2007) An obesity paradox in 
acute heart failure: analysis of body mass index and inhospital 
mortality for 108,927 patients in the Acute Decompensated Heart 
Failure National Registry. Am Heart J 153:74–81

	10.	 Oreopoulos A, Padwal R, Kalantar-Zadeh K, Fonarow GC, Norris 
CM, McAlister FA (2008) Body mass index and mortality in heart 
failure: a meta-analysis. Am Heart J 156:13–22

	11.	 Chau K, Girerd N, Magnusson M, Lamiral Z, Bozec E, Merckle L, 
Leosdottir M, Bachus E, Frikha Z, Ferreira JP, Despres JP, Rossignol 
P, Boivin JM, Zannad F (2018) Obesity and metabolic features asso-
ciated with long-term developing diastolic dysfunction in an initially 
healthy population-based cohort. Clin Res Cardiol 107(10):887–896

	12.	 Flegal KM, Kit BK, Orpana H, Graubard BI (2013) Association 
of all-cause mortality with overweight and obesity using stand-
ard body mass index categories: a systematic review and meta-
analysis. JAMA 309:71–82

	13.	 Jacobs L, Efremov L, Ferreira JP, Thijs L, Yang WY, Zhang 
ZY, Latini R, Masson S, Agabiti N, Sever P, Delles C, Sattar 
N, Butler J, Cleland JGF, Kuznetsova T, Staessen JA, Zannad F, 
Heart OiAi (2017) Risk for incident heart failure: a subject-level 
meta-analysis from the Heart “OMics” in AGEing (HOMAGE) 
Study. J Am Heart Assoc 6(5):e005231. https​://doi.org/10.1161/
JAHA.116.00523​1

	14.	 Kennedy LM, Dickstein K, Anker SD, James M, Cook TJ, Kris-
tianson K, Willenheimer R (2006) Weight-change as a prognostic 
marker in 12 550 patients following acute myocardial infarction 
or with stable coronary artery disease. Eur Heart J 27:2755–2762

	15.	 Sierra-Johnson J, Romero-Corral A, Somers VK, Lopez-Jime-
nez F, Thomas RJ, Squires RW, Allison TG (2008) Prognostic 
importance of weight loss in patients with coronary heart disease 
regardless of initial body mass index. Eur J Cardiovasc Prev Reha-
bil 15:336–340

	16.	 Bangalore S, Fayyad R, Laskey R, DeMicco DA, Messerli FH, 
Waters DD (2017) Body-weight fluctuations and outcomes in 
coronary disease. N Engl J Med 376:1332–1340

	17.	 Dickstein K, Bebchuk J, Wittes J (2012) The high-risk myocardial 
infarction database initiative. Prog Cardiovasc Dis 54:362–366

	18.	 Dargie HJ (2000) Design and methodology of the CAPRICORN 
trial—a randomised double blind placebo controlled study of the 
impact of carvedilol on morbidity and mortality in patients with 
left ventricular dysfunction after myocardial infarction. Eur J 
Heart Fail 2:325–332

	19.	 Dargie HJ (2001) Effect of carvedilol on outcome after myocar-
dial infarction in patients with left-ventricular dysfunction: the 
CAPRICORN randomised trial. Lancet 357:1385–1390

	20.	 Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, 
Bittman R, Hurley S, Kleiman J, Gatlin M, Eplerenone Post-Acute 
Myocardial Infarction Heart Failure E and Survival Study I (2003) 
Eplerenone, a selective aldosterone blocker, in patients with left 
ventricular dysfunction after myocardial infarction. N Engl J Med 
348:1309–1321

	21.	 Pitt B, Williams G, Remme W, Martinez F, Lopez-Sendon J, Zan-
nad F, Neaton J, Roniker B, Hurley S, Burns D, Bittman R, Klei-
man J (2001) The EPHESUS trial: eplerenone in patients with 
heart failure due to systolic dysfunction complicating acute myo-
cardial infarction. Eplerenone Post-AMI Heart Failure Efficacy 
and Survival Study. Cardiovasc Drugs Ther 15:79–87

	22.	 Dickstein K, Kjekshus J (1999) Comparison of the effects of losar-
tan and captopril on mortality in patients after acute myocardial 
infarction: the OPTIMAAL trial design. Optimal Therapy in Myo-
cardial Infarction with the Angiotensin II Antagonist Losartan. 
Am J Cardiol 83:477–481

	23.	 Dickstein K, Kjekshus J, Group OSCotOS (2002) Effects of losar-
tan and captopril on mortality and morbidity in high-risk patients 
after acute myocardial infarction: the OPTIMAAL randomised 
trial. Optimal Trial in Myocardial Infarction with Angiotensin II 
Antagonist Losartan. Lancet 360:752–760

	24.	 Pfeffer MA, McMurray J, Leizorovicz A, Maggioni AP, Rouleau 
JL, Van De Werf F, Henis M, Neuhart E, Gallo P, Edwards S, Sell-
ers MA, Velazquez E, Califf R (2000) Valsartan in acute myocar-
dial infarction trial (VALIANT): rationale and design. Am Heart 
J 140:727–750

	25.	 Pfeffer MA, McMurray JJ, Velazquez EJ, Rouleau JL, Kober L, 
Maggioni AP, Solomon SD, Swedberg K, Van de Werf F, White 
H, Leimberger JD, Henis M, Edwards S, Zelenkofske S, Sellers 
MA, Califf RM, Valsartan in Acute Myocardial Infarction Trial I 
(2003) Valsartan, captopril, or both in myocardial infarction com-
plicated by heart failure, left ventricular dysfunction, or both. N 
Engl J Med 349:1893–1906

	26.	 Coiro S, Girerd N, Rossignol P, Bauersachs J, Pitt B, Fay R, 
Ambrosio G, Solomon SD, Dickstein K, Zannad F (2017) Asso-
ciation of digitalis treatment with outcomes following myocardial 
infarction in patients with heart failure or evidence of left ven-
tricular dysfunction: an analysis from the High-Risk Myocardial 
Infarction Database Initiative. Clin Res Cardiol 106:722–733

	27.	 von Lueder TG, Girerd N, Atar D, Agewall S, Lamiral Z, Kanbay 
M, Pitt B, Dickstein K, Zannad F, Rossignol P, High-Risk Myo-
cardial Infarction Database Initiative I (2015) Serum uric acid 
is associated with mortality and heart failure hospitalizations in 
patients with complicated myocardial infarction: findings from the 
High-Risk Myocardial Infarction Database Initiative. Eur J Heart 
Fail 17:1144–1151

	28.	 Abdin A, Poss J, Fuernau G, Ouarrak T, Desch S, Eitel I, de Waha 
S, Zeymer U, Bohm M, Thiele H (2018) Revision: prognostic 
impact of baseline glucose levels in acute myocardial infarc-
tion complicated by cardiogenic shock-a substudy of the IABP-
SHOCK II-trial. Clin Res Cardiol 107:517–523

	29.	 de Araujo Goncalves P, Ferreira J, Aguiar C, Seabra-Gomes R 
(2005) TIMI, PURSUIT, and GRACE risk scores: sustained prog-
nostic value and interaction with revascularization in NSTE-ACS. 
Eur Heart J 26:865–872

https://doi.org/10.1161/JAHA.116.005231
https://doi.org/10.1161/JAHA.116.005231


1225Clinical Research in Cardiology (2019) 108:1215–1225	

1 3

	30.	 Mogensen UM, Jhund PS, Abraham WT, Desai AS, Dickstein 
K, Packer M, Rouleau JL, Solomon SD, Swedberg K, Zile MR, 
Kober L, McMurray JJV, Paradigm HF, Investigators A and Com-
mittees (2017) Type of atrial fibrillation and outcomes in patients 
with heart failure and reduced ejection fraction. J Am Coll Cardiol 
70:2490–2500

	31.	 Pocock SJ, Ariti CA, McMurray JJ, Maggioni A, Kober L, Squire 
IB, Swedberg K, Dobson J, Poppe KK, Whalley GA, Doughty 
RN, Meta-Analysis Global Group in Chronic Heart F (2013) Pre-
dicting survival in heart failure: a risk score based on 39 372 
patients from 30 studies. Eur Heart J 34:1404–1413

	32.	 Zhang J, Begley A, Jackson R, Harrison M, Pellicori P, Clark 
AL, Cleland JGF (2019) Body mass index and all-cause mortal-
ity in heart failure patients with normal and reduced ventricular 
ejection fraction: a dose-response meta-analysis. Clin Res Cardiol 
108(2):119–132

	33.	 Rossignol P, Masson S, Barlera S, Girerd N, Castelnovo A, Zan-
nad F, Clemenza F, Tognoni G, Anand IS, Cohn JN, Anker SD, 
Tavazzi L, Latini R, Gissi HF, Val-He FTI (2015) Loss in body 
weight is an independent prognostic factor for mortality in chronic 
heart failure: insights from the GISSI-HF and Val-HeFT trials. 
Eur J Heart Fail 17:424–433

	34.	 Zamora E, Diez-Lopez C, Lupon J, de Antonio M, Domingo M, 
Santesmases J, Troya MI, Diez-Quevedo C, Altimir S, Bayes-
Genis A (2016) Weight loss in obese patients with heart failure. J 
Am Heart Assoc 5:e002468

	35.	 Jamaly S, Carlsson L, Peltonen M, Jacobson P, Sjostrom L, 
Karason K (2016) Bariatric surgery and the risk of new-onset 
atrial fibrillation in Swedish obese subjects. J Am Coll Cardiol 
68:2497–2504

	36.	 Schauer PR, Bhatt DL, Kirwan JP, Wolski K, Aminian A, 
Brethauer SA, Navaneethan SD, Singh RP, Pothier CE, Nissen 
SE, Kashyap SR, Investigators S (2017) Bariatric surgery versus 
intensive medical therapy for diabetes—5-year outcomes. N Engl 
J Med 376:641–651

	37.	 Pack QR, Rodriguez-Escudero JP, Thomas RJ, Ades PA, West CP, 
Somers VK, Lopez-Jimenez F (2014) The prognostic importance 
of weight loss in coronary artery disease: a systematic review and 
meta-analysis. Mayo Clin Proc 89:1368–1377

	38.	 Shimada YJ, Tsugawa Y, Brown DF, Hasegawa K (2016) Bariat-
ric surgery and emergency department visits and hospitalizations 
for heart failure exacerbation: population-based, self-controlled 
series. J Am Coll Cardiol 67:895–903

	39.	 Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci 
C, Bueno H, Caforio ALP, Crea F, Goudevenos JA, Halvorsen 

S, Hindricks G, Kastrati A, Lenzen MJ, Prescott E, Roffi M, Val-
gimigli M, Varenhorst C, Vranckx P, Widimsky P, Group ESCSD 
(2018) 2017 ESC guidelines for the management of acute myocar-
dial infarction in patients presenting with ST-segment elevation: 
the task force for the management of acute myocardial infarction 
in patients presenting with ST-segment elevation of the European 
Society of Cardiology (ESC). Eur Heart J 39:119–177

	40.	 Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats 
AJS, Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, 
Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B, 
Riley JP, Rosano GMC, Ruilope LM, Ruschitzka F, Rutten FH van 
der, Meer P, Group ESCSD (2016) 2016 ESC guidelines for the 
diagnosis and treatment of acute and chronic heart failure: the task 
force for the diagnosis and treatment of acute and chronic heart 
failure of the European Society of Cardiology (ESC) developed 
with the special contribution of the Heart Failure Association 
(HFA) of the ESC. Eur Heart J 37:2129–2200

	41.	 Anker SD, Ponikowski P, Varney S, Chua TP, Clark AL, Webb-
Peploe KM, Harrington D, Kox WJ, Poole-Wilson PA, Coats AJ 
(1997) Wasting as independent risk factor for mortality in chronic 
heart failure. Lancet 349:1050–1053

	42.	 Banack HR, Kaufman JS (2014) The obesity paradox: understand-
ing the effect of obesity on mortality among individuals with car-
diovascular disease. Prev Med 62:96–102

	43.	 Pi-Sunyer XF, Becker DM, Bouchard C, Carleton R, Colditz GA, 
Dietz WH, Foreyt JP, Garrison RJ, Grundy SM, Hansen BC, 
Higgins M, Hill JO, Howard BV, Kuczmarski RJ, Kumanyika 
S, Legako DR, Prewitt ET, Rocchini AP, Smith PL, Snetselaar 
LG, Sowers JR, Weintraub M, Williamson DF, Wilson TG (1998) 
Clinical guidelines on the identification, evaluation, and treat-
ment of overweight and obesity in adults: executive summary. 
Expert panel on the identification, evaluation, and treatment of 
overweight in adults. Am J Clin Nutr 68(4):899–917

	44.	 Coutinho T, Goel K, Correa de Sa D, Carter RE, Hodge DO, 
Kragelund C, Kanaya AM, Zeller M, Park JS, Kober L, Torp-
Pedersen C, Cottin Y, Lorgis L, Lee SH, Kim YJ, Thomas R, 
Roger VL, Somers VK, Lopez-Jimenez F (2013) Combining body 
mass index with measures of central obesity in the assessment 
of mortality in subjects with coronary disease: role of “normal 
weight central obesity”. J Am Coll Cardiol 61:553–560

	45.	 Sze S, Zhang J, Pellicori P, Morgan D, Hoye A, Clark AL (2017) 
Prognostic value of simple frailty and malnutrition screening tools 
in patients with acute heart failure due to left ventricular systolic 
dysfunction. Clin Res Cardiol 106:533–541

Affiliations

Susan Stienen1   · João Pedro Ferreira1,2 · Nicolas Girerd1 · Kévin Duarte3,4,5 · Zohra Lamiral1 · John J. V. McMurray6 · 
Bertram Pitt7 · Kenneth Dickstein8 · Faiez Zannad1 · Patrick Rossignol1 · For the High-Risk Myocardial Infarction 
Database Initiative

1	 Université de Lorraine, INSERM, Centre d’Investigation 
Clinique et Plurithématique 1433, INSERM U1116, CHRU 
de Nancy, F-CRIN INI-CRCT (Cardiovascular and Renal 
Clinical Trialists), Nancy, France

2	 Cardiovascular Research and Development Unit, Department 
of Physiology and Cardiothoracic Surgery, Faculty 
of Medicine, University of Porto, Porto, Portugal

3	 Université de Lorraine, Institut Elie Cartan de Lorraine, 
UMR 7502, 54506 Vandoeuvre‑lès‑Nancy, France

4	 CNRS, Institut Elie Cartan de Lorraine, UMR 7502, 
54506 Vandoeuvre‑lès‑Nancy, France

5	 Team BIGS, INRIA, 54600 Villers‑lès‑Nancy, France
6	 BHF Cardiovascular Research Centre, University 

of Glasgow, Glasgow, Scotland, UK
7	 Department of Medicine, University of Michigan School 

of Medicine, Ann Arbor, USA
8	 Department of Cardiology, University of Bergen, Stavanger 

University Hospital, Stavanger, Norway

http://orcid.org/0000-0002-5573-9377

	Mean BMI, visit-to-visit BMI variability and BMI changes during follow-up in patients with acute myocardial infarction with systolic dysfunction andor heart failure: insights from the High-Risk Myocardial Infarction Initiative
	Abstract
	Background 
	Aims 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population
	BMI

	Endpoints
	Statistical analysis

	Results
	Baseline characteristics and outcomes
	Mean BMI
	Change in BMI
	BMI variability
	Sensitivity analyses

	Discussion
	Mean BMI
	Decrease in BMI
	BMI variability
	Implications for clinicians and further research
	Limitations

	Conclusion
	Acknowledgements 
	References


