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Background: Body mass index (BMI) is a critical determinant of mortality after acute
myocardial infarction (AMI), and higher BMI is associated with survival benefit in patients
with renal impairment. However, there are no studies investigating the interactive effects
of BMI and renal function on mortality risk after AMI occurrence.

Methods: We enrolled 12,647 AMI patients from Korea Acute Myocardial Infarction
Registry between November 2011 and December 2015. Patients were categorized
based on estimated Glomerular Filtration Rate (eGFR) and BMI. The primary endpoint
was all-cause mortality after AMI treatment.

Results: Within each renal function category, the absolute mortality rate was decreased
in patients with higher BMI. However, the adjusted hazard ratio (HR) of all-cause mortality
for higher BMI was decreased as renal function worsened [adjusted HR (95% confidence
interval) at BMI > 25 kg/m?: 0.63 (0.41-0.99), 0.76 (0.59-0.97), and 0.84 (0.65-1.08)
for patients with eGFR > 90, 90-45, and <45 mL/min/1.73 m?, respectively]. There
was a significant interaction between BMI and renal function (P for interaction = 0.010).
The protective effect of higher BMI was preserved against non-cardiac death and it was
also decreased with lowering eGFR in competing risks models [adjusted HR at BMI >25
kg/m?: 0.38 (0.18-0.83), 0.76 (0.59-0.97), and 0.84 (0.65-1.08) for patients with eGFR
> 90, 90-45, and <45 mL/min/1.73 m2, respectively; P for interaction = 0.03]. However,
renal function did not significantly affect the association between BMI and risk of cardiac
death (P for interaction = 0.20).

Conclusions: The effect of BMI on the mortality risk after AMI was dependent on renal
function. The association between greater BMI and survival benefit was weakened as
renal function was decreased. In addition, the negative effect of renal function on the
BMI — mortality association was pronounced in the non-cardiac death.

Keywords: renal function, acute myocardial infarction, body mass index, mortality, cardiac death, non-cardiac
death
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INTRODUCTION

Renal impairment is a prevalent disorder among patients with
acute myocardial infarction (AMI). The incidence of renal
impairment is ~30-50% in patients presenting with AMI. These
patients have a high prevalence of atherosclerosis risk factors,
including old age, dyslipidemia, diabetes, and hypertension (1-
3). In addition, renal impairment plays a critical role in the
prognosis of patients with AMI (4, 5). Previous studies have
demonstrated a clear association between renal impairment and
a higher risk of recurrent MI, ischemic stroke, and all-cause death
after AMI treatment (2, 6). These devastating effects of renal
impairment continue to increase drastically as renal function is
further decreased (5, 7, 8).

Body mass index (BMI) is a parameter used to estimate
cardiovascular risk in the general population, and obesity is
associated with an increased risk of all-cause and cardiovascular
mortality (9-11). However, if AMI occurs, the negative effect of
BMI on the survival rate is paradoxically reversed. Numerous
studies have reported that underweight patients have an
increased mortality risk after AMI and that overweight and
obese patients have better survival rates (12-15). Notably, among
patients with renal impairment, a higher BMI has also been
associated with mortality risk, regardless of the presence of
cardiovascular comorbidities (16, 17). Studies that examined
patients with renal dysfunction described paradoxically lower
mortality associated with high BMI levels (16-19). These findings
have led to a significant interest in how the paradoxical effect of
obesity is changed when of AMI and renal impairment coexist
and whether the effect of BMI on mortality is dependent on the
degree of renal impairment.

Therefore, we investigated the interactive relationship
between BMI, renal function, and mortality risk after AMI
occurrence. We evaluated whether renal function affected the
association between BMI and mortality risk after AMI and how
renal function modified the effect of BMI on mortality risk.

MATERIALS AND METHODS
Study Design and Data Source

Our data were derived from the Korea Acute Myocardial
Infarction Registry (KAMIR)-National Institute of Health (NIH),
which is a prospective, observational, multicenter, online registry
to investigate the risk factors for mortality in patients with
AMLI. Patients diagnosed with ST-segment elevation myocardial
infarction (STEMI) or non- STEMI (NSTEMI) from November
2011 to December 2015 were enrolled in this registry and
followed up constantly. This study was conducted in compliance
with the Declaration of Helsinki regarding human investigations.
The study protocol was approved by the Institutional Review
Board of all participating centers, and written informed consent
was obtained from all patients.

We screened 13,104 patients enrolled in the KAMIR-NIH
database. From this cohort, 457 patients in whom the estimated
glomerular filtration rate (¢GFR) and BMI could not be estimated
were excluded. All patients were required to visit the outpatient
department of cardiology at the end of the first month and

subsequently every 3-6 month, as well as whenever angina-like
symptoms occurred. Clinical follow-up was performed for 2 years
after index AMI treatment. Any recorded deaths that occurred
before the loss to follow-up were included in the analysis.

Data Collection

The attending physician, with the assistance of a trained
clinical research coordinator, collected data via a web-based
case report system. Baseline demographics, risk factors for
coronary artery disease, and laboratory data were collected at
the time of admission. Data on the type of myocardial infarction
(STEMI or NSTEMI) and implementation of percutaneous
coronary intervention (PCI) were also collected. Left ventricular
ejection fraction (LVEF) was measured using two-dimensional
echocardiography. The use of certain medications was recorded
during hospital stay.

Exposure

The definition of AMI was based on the detection of an
increase and/or a decrease in the levels of cardiac biomarkers
(creatinine kinase-MB and troponin I or T) with at least
one of the following: symptoms of ischemia, electrocardiogram
(ECG) changes indicative of ischemia (ST-segment elevation or
depression), development of pathological Q waves on ECG, and
imaging evidence of new loss of viable myocardium or new
regional wall motion abnormality (20).

Serum creatinine levels were measured at the time of hospital
presentation. The eGFR was calculated using the following
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation (21): eGFR = 141 x min(Scr/k,1)a x max(Scr/k, 1)
—1.209 x 0.993Age x 1.018 [if female] x 1.159 [if black], where
k is 0.7 (females) or 0.9 (males), o is —0.329 (females) or —0.411
(males), min indicates the minimum of Scr/k or 1, and max
indicates the maximum of Scr/k or 1; eGFR= mL/min/1.73 m?;
Scr (standardized serum creatinine) = mg/dL.

The classification of renal function was based on the Kidney
Disease Improving Global Outcomes (KDIGO) guidelines for
CKD stages (22, 23). Renal function was classified based on the
eGFR values as follows: normal (=90 mL/min/1.73 m?), mild-to-
moderate impairment (90-45 mL/min/1.73 m?), and moderate-
to-severe impairment (<45 mL/min/1.73 m?).

BMI was calculated as the weight in kilograms divided by the
height squared in meters (kg/m?). Obesity status was categorized
based on BMI according to the guidelines for the Asian
population as follows: underweight (<18.5 kg/mz), ideal (18.5—
23 kg/mz), overweight (23-25 kg/mz), and obese (>25 kg/mz)
(24). Patients were categorized into three groups according to
each renal function category, and the effect of BMI on mortality
rate was compared in individual renal function categories.

Study Outcomes

The our primary endpoint was all-cause death during the 2-
year follow-up after AMI treatment. The secondary endpoint
was death from cardiac vs. non-cardiac causes. Cardiac death
was defined as any death due to a proximate cardiac cause,
such as myocardial infarction, low output failure, arrhythmia,
unwitnessed death, and all procedure-related deaths, including
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those related to concomitant treatment (25). Non-cardiac death
was caused by causes other than cardiac causes, including sepsis,
multi-organ failure, and bleeding. Sudden or unexpected death
was considered cardiac death, and all deaths were considered of
cardiac origin unless a non-cardiac origin was documented.

Measurement of Covariates

In the multivariable models, we used baseline data on
sociodemographic  variables (age, sex, and smoking),
hypertension, diabetes, dyslipidemia (defined as high levels
of total cholesterol, low-density lipoprotein cholesterol, and
triglycerides; low levels of high-density lipoprotein cholesterol;
or use of lipid-lowering medication), prevalent cardiovascular
events, STEMI (defined as ST-segment elevation > 2mm in
two more contiguous precordial leads or > 1 mm in > two or
more limbs), Killip classification, LVEF, PCI, and pharmacologic
therapy [aspirin, clopidogrel, B-blocker, angiotensin-converting
enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB),
and statin]. All variables were selected based on their clinical
relevance to the outcomes of interest.

Statistical Analysis

Continuous variables, described as mean + standard deviation
and were compared using one-way ANOVA. eGFR is mean £
standard deviation and median (25th and 75th percentiles) to
clarify the distribution. To compare subgroups, post-hoc analysis
was performed using the Tukey test. Categorical data were
analyzed using the Chi-square test. Cox regression was used
to calculate the corresponding hazard ratios (HRs) with 95%
confidence intervals (CIs) for the prognostic significance of BMI
in patients with different levels of renal function. Multivariable
Cox proportional hazard regression analysis determined the
association of variables with MACEs after adjusting for several
confounders. The multivariate models included parameters
significantly associated with weight in univariate testing and
clinically fundamental parameters. The interaction between
eGFR and calculated BMI was assessed by entering the
interaction term in a Cox proportional hazards model. We
fitted competing risk regression models for each cause of death
(cardiac death and non-cardiac death) to estimate the sub-
distribution hazards, because cardiac and non-cardiac mortality
compete with each other (26). P-values <0.05 were considered
as significant. All statistical analyses were performed using SPSS
software (version 22.0; SPSS, IBM Corp., Armonk, NY, USA) and
statistical analysis system version software (version 9.4; SAS, SAS
Institute, Cary, NC, USA).

RESULTS

Baseline Characteristics

A total of 12,647 patients with AMI were included. Table 1
shows the baseline demographics and clinical features according
to renal function. Patients were classified into three groups
according to renal function-—5,194 (41.1%) patients had normal
renal function, 6,008 (47.5%) patients had mild-to-moderate
renal impairment, and 1,445 (11.4%) patients with moderate-
to-severe renal impairment. The mean eGFR was 102.3 £+ 9.8

ml/min/1.73 m?, 72.2 & 12.6 ml/min/1.73 m? and 27.4 & 12.7
ml/min/1.73 m? in patients with normal renal function, mild-
to-moderate renal impairment and moderate-to-severe renal
impairment, respectively. The mean BMI was significantly lower
in patients with moderate-to-severe renal impairment than in
those with normal renal function or mild-to-moderate renal
impairment. The proportion of overweight or obese patients
was significantly lower among patients with moderate-to-severe
renal impairment.

Compared to the patients with normal renal function, those
with moderate-to-severe renal impairment were older and
predominantly female. The prevalence of comorbidities, such as
hypertension and diabetes was significantly higher in patients
with moderate-to-severe renal impairment than in those with
normal or mild-to-moderate renal impairment. The proportion
of STEMI was significantly lower and patients receiving PCI
treatment were less prevalent among patients with moderate-to-
severe renal impairment. In addition, patients with moderate-to-
severe renal impairment were less likely to receive B-blockers,
ACE inhibitors or ARBs, and statins.

Mortality Rate Based on Renal Function

and BMI Categories

A total of 1,238 (9.8%) deaths were observed, and the mortality
rate increased with decreasing renal function (3.1, 9.4, and 35.8%
for patients with normal renal function, mild-to-moderate, and
moderate-to-severe renal impairment, respectively). Figure 1
shows the all-cause, cardiac and non-cardiac mortality rates
based on renal function and BMI categories. Among patients
with normal renal function, all-cause death (Figure 1A) was most
frequently observed in underweight patients. Additionally, the
mortality rates were significantly lower in overweight and obese
patients than in ideal weight patients (P < 0.001). In patients with
mild-to-moderate or moderate-to-severe renal impairment, the
all-cause mortality rate decreased significantly with increasing
BMI (P < 0.001). The rates of cardiac and non-cardiac death
(Figures 1B,C) were significantly higher in underweight patients
and lower in obese patients compared to ideal weight patients (all
P < 0.001). The mortality rates of cardiac and non-cardiac causes
showed similar patterns to those of all-cause death in all renal
function categories.

Renal Function and Effect of BMI on the

All-Cause Mortality Risk

In the unadjusted Cox proportional model, the HR for all-
cause death decreased proportionally with increasing BMI across
all renal function categories (Table2). In multivariable Cox
regression analysis (Table 2), the relationship between greater
BMI and reduced mortality risk remained significant for normal
renal function. While a similar association between greater BMI
values and survival benefit was observed in patients with mild-
to-moderate renal impairment, the strength of the relationship
between greater BMI and reduced mortality became weaker.
The survival advantage of obesity decreases in patients with
mild-to-moderate renal impairment (HR 0.76; 95% CI, 0.59-
0.97), and it further decreased to insignificance in patients with
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FIGURE 1 | Mortality rate of all-cause (A), cardiac (B), and non-cardiac death (C) based on BMI and renal function categories.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 4 December 2021 | Volume 8 | Article 765153


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Kang et al.

eGFR and BMI After AMI

TABLE 1 | Baseline characteristics of study population.

Renal function P-value
Normal, Mild-to-moderate Moderate-to-severe
n =5,194 impairment, impairment,
n = 6,008 n =1,445
Age, (years) 56.8 + 10.6 67.7+£11.6 72.7 +£10.6 <0.001
Male, n (%) 4,238 (81.6) 4,334 (72.1) 829 (57.4) <0.001
BMI, (kg/m?) 24.4 + 3.3 239+ 39 23.3+3.6 <0.001
Body weight status <0.001
Underweight, n (%) 134 (2.6) 264 (4.4) 112 (7.8)
|deal weight, n (%) 1,538 (29.6) 2,088 (34.8) 587 (40.6)
Overweight, n (%) 1,469 (28.3) 1,580 (26.3) 334 (23.1)
Obesity, n (%) 2,053 (39.5) 2,076 (34.6) 412 (28.5)
Mean GFR, (ml/min/1.73 m?) 102.3 +9.8 722 +12.6 274 +£12.7 <0.001
Median GFR, (ml/min/1.73 m?) 100.6 73.6 (62.3-83.6) 29.9 (17.0-38.4) <0.001
(95.1-107.1)
SBP, (mmHg) 133.2 £ 26.4 129.2 £ 30.6 126.7 £ 34.4 <0.001
DBP, (mmHg) 81.6 +£16.3 77.6+18.3 74.2+20.2 <0.001
Hypertension, n (%) 1,964 (37.8) 3,346 (55.7) 1,121 (77.6) <0.001
Diabetes, n (%) 1,097 (21.1) 1,693 (28.2) 828 (57.3) <0.001
Dyslipidemia, n (%) 591 (11.4) 696 (11.6) 152 (10.5) 0.519
History of CV event, n (%) 173 (8.3 468 (7.8) 203 (14.0) <0.001
Current Smoking, n (%) 2,728 (52.5) 1,977 (32.9) 280 (19.4) <0.001
STEMI, n (%) 2,517 (48.5) 3,049 (50.7) 511 (35.4) <0.001
Killip classification > 1, n (%) 500 (9.6) 1,483 (24.7) 707 (48.9) <0.001
LVEF, (%) 54.1 £10.0 515+ 11.2 46.1 £13.2 <0.001
PCI, n (%) 4,750 (91.5) 5,462 (90.9) 1,167 (80.8) <0.001
Medical treatment
Aspirin, n (%) 5,178 (99.7) 5,983 (99.6) 1,434 (99.2) 0.059
Clopidogrel, n (%) 3,839 (73.9) 4,801 (79.9) 1,266 (87.6) <0.001
B-blocker, n (%) 4,390 (84.5) 4,909 (81.7) 1,034 (71.6) <0.001
ACEi or ARB, n (%) 4,130 (79.5) 4,761 (79.2) 910 (63.0) <0.001
Statin, n (%) 4,933 (95.0) 5,485 (91.3) 1,108 (76.7) <0.001

Data are presented as n (%) or mean + SD. SBF, systolic blood pressure; DBF, diastolic blood pressure; BMI, body mass index; Hb, hemoglobin; CV event, cardiovascular disease and
cerebrovascular event; LVEF, left ventricular ejection fraction; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; PCl, percutaneous coronary intervention;

STEMI, ST-segment elevation myocardial infarction.

moderate-to-severe renal impairment (HR 0.84; 95% CI, 0.65-
1.08) compared to that in obese patients with normal renal
function (HR 0.63; 95% CI, 0.41-0.99). Similarly, a higher HR
for mortality in underweight patients weakened with worsening
renal function [HR (95% CI): 2.18 (1.33-3.59), 1.43 (1.06-1.93),
1.33 (0.96-1.86) for normal renal function, mild-to-moderate
impaired renal function, and moderate-to-severe impaired renal
function, respectively]. We tested each interaction to investigate
whether renal function affects the association between BMI
and mortality risk. The interaction between BMI and renal
function was significant in the adjusted Cox proportional
model (P for interaction = 0.010). We repeated the analyses
to demonstrate the association between BMI and all-cause
mortality risk in patients with severe renal impairment (eGFR
<30 ml/min/1.73 m?). The survival benefit of higher BMI and
hazard of underweight was further reduced in this population
(Supplementary Table S1).

Renal Function and Effect of BMI on the

Risk of Cardiac and Non-cardiac Death

We analyzed the risk of cardiac and non-cardiac death in
different renal function categories using a competing risk
regression model (Table3). The risk of cardiac death in
the underweight patients was significantly higher in all renal
function categories compared to patients with ideal weight [HR
(95% CI): 2.05 (1.05-3.99), 1.61 (1.11-2.33), and 1.65 (1.12-
2.42) for normal renal function, mild-to-moderate impaired
renal function, and moderate-to-severe impaired renal function,
respectively]. However, the effect of obesity on cardiac death
was not significant across the different renal function categories.
There was no significant interaction between BMI and renal
function (P = 0.20). The risk of non-cardiac death was
evaluated in the same manner. Underweight patients had a
higher risk of non-cardiac death (HR 2.63; 95% CI, 1.20-
5.78), and the protective effect of obesity was significant in
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TABLE 2 | Hazard of all-cause mortality by BMI groups based on renal function categories.

Renal function

Normal Mild-to-moderate impairment Moderate-to-severe
impairment
All cause death, unadjusted
Underweight 4.59* 2.10* 1.77*
(2.92, 7.21) (1.60, 2.77) (1.34, 2.33)
|deal weight Reference Reference Reference
Overweight 0.47* 0.65* 0.83
(0.31,0.72) (0.52, 0.80) (0.66, 1.04)
Obesity 0.37* 0.45* 0.72*
(0.25, 0.56) (0.36, 0.56) (0.58, 0.91)
All cause death, adjusted?®
Underweight 2.18* 1.43* 1.33*
(1.33, 3.59) (1.06, 1.93) (0.96, 1.86)
|deal weight Reference Reference Reference
Overweight 0.60* 0.92 0.85
(0.37, 0.96) (0.73, 1.17) (0.65, 1.09)
Obesity 0.63* 0.76* 0.84
(0.41, 0.99) (0.59, 0.97) (0.65, 1.08)

Data are presented as hazard ratios (95% confidence intervals).
BMI, body mass index.

aThe statistical model was adjusted by age, sex, Killip class, BMI, current smoker, hypertension, diabetes mellitus, dyslipidemia, previous cardiovascular disease event, previous

cerebrovascular event, LVEF, type of AMI, PCl and medical treatments.
*P < 0.05 compared with reference BMI category.

patients with normal renal function (HR 0.38; 95% CI, 0.18-
0.83). These survival benefits and disadvantages based on BMI
categories diminished with worsening renal function. There was
a significant interaction between BMI and renal function in
the incidence of non-cardiac death (P for interaction = 0.03).
Similar results were observed for the risk of cardiac and
non-cardiac death, in patients with severe renal impairment
(Supplementary Table S1).

DISCUSSION

BMI is an important predictor of all-cause mortality in patients
after AMI; it is well-known that obesity is paradoxically
associated with an improved survival rate after AMI (12, 13).
Our study demonstrated that patients with AMI with normal
renal function had a higher prevalence of obesity than those
with impaired renal function, and the prevalence of underweight
patients was higher among patients with renal impairment. These
findings suggest that the distribution pattern of BMI in patients
with AMI was transformed into different renal functions and that
this BMI pattern is a reason for the high mortality after AMI in
patients with renal impairment.

Our previous study showed that underweight patients had
unfavorable clinical outcomes, including all-cause mortality
after AMI (27-29). In addition, several studies consistently
demonstrated that underweight was associated with higher
mortality not only in patients after AMI but also in patients
with impaired renal function (18, 27, 29). It has been postulated

that an insufficient nutritional reserve in underweight patients
renders them unstable to acute stress and unable to endure the
increased metabolic demands from chronic disease conditions
(30-32). Moreover, we observed that the negative effect of
underweight on survival rate was consistent in all renal function
categories. However, this negative effect gradually weakened as
renal function worsened. We suggest that the shorter lifespan
of patients with renal impairment may not allow the full
presentation of the effects of underweight after AMI (33, 34).

Various have demonstrated the favorable effect of overweight
and obesity on the mortality risk among patients with impaired
renal function, irrespective of the history of cardiovascular events
(16, 17). It also appears that the association between a higher BMI
and survival benefit was strengthened as the underlying renal
function declined more severely (18, 35). Therefore, considering
the combined benefit of a higher BMI from AMI setting, we
expected that the protective effect of higher BMI values was
additionally or synergistically increased in patients with renal
impairment after AMI. However, we found that the relationship
between a greater BMI and survival benefit was weakened as
the renal function decreased and that there was a significant
interaction between BMI and the renal function. These findings
indicate that the protective effect of a high BMI value affects
patients with renal impairment differently from those with
normal renal function. We suggest that impaired renal function
and its specific conditions modify the effects of obesity on all-
cause and non-cardiac mortality.

In this study, we found that obesity had no significant effect
on the risk of cardiac death and that renal function did not affect
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TABLE 3 | Competing risk of death from cardiac and non-cardiac cause by BMI groups based on renal function categories.

Renal function

Normal Mild-to-moderate impairment Moderate-to-severe
impairment
Cardiac death, adjusted?®
Underweight 2.05* 1.61* 1.65%
(1.05, 3.99) (1.11,2.33) (1.12,2.42)
|deal weight Reference Reference Reference
Overweight 0.58 0.97 1.03
(0.30, 1.11) (0.71,1.33) (0.76, 1.39)
Obesity 0.87 0.98 1.08
(0.50, 1.51) (0.71, 1.34) (0.80, 1.45)
Non-cardiac death, adjusted?®
Underweight 2.63* 1.15 0.86
(1.20, 56.78) (0.68, 1.97) (0.44,1.67)
|deal weight Reference Reference Reference
Overweight 0.60 0.88 0.66
(0.28,1.27) (0.60, 1.29) (0.42, 1.04)
Obesity 0.38* 0.52* 0.58*
(0.18, 0.83) (0.33, 0.82) (0.37,0.92)

Data are presented as hazard ratios (95% confidence intervals).
BMI, body mass index.

aThe statistical model was adjusted by age, sex, Killip class, BMI, current smoker, hypertension, diabetes mellitus, dyslipidemia, previous cardiovascular disease event, previous

cerebrovascular event, LVEF, type of AMI, PCl and medical treatments.
*P < 0.05 compared with reference BMI category.

the association between BMI and the risk of cardiac death. These
findings are consistent with those of previous reports, showing
that obesity did not increase the risk of cardiac death among
patients receiving PCI and that obesity had minimal effects on
cardiac death within a short-term follow up (36-38). However,
these results did not extend to the long-term risk of cardiac death.
Moreover, obesity increases the risk of cardiac death during long-
term follow up follow-up, and the prolonged risk of cardiac
death is more prominent than that of non-cardiac death (39-41).
Therefore, we suggest that our study results on the association
between renal function, BMI, and risk of cardiac death are valid
only for short-term outcomes because the studied patients were
only followed up for 2 years.

Our study showed that obesity significantly reduced the risk
of non-cardiac death but not of cardiac death. In addition, the
protective effect of obesity against non-cardiac death decreased
with worsening renal function, and there was a significant
interaction between BMI and renal function. These findings
suggest that the survival benefit of a high BMI value was mainly
due to the reduced risk of non-cardiac death and that renal
function has greater influence on the association of a higher BMI
with non-cardiac death risk. Further, patients with impaired renal
function have a higher risk of non-cardiac death, and recent
studies on the causes of death in patients with renal impairment
predicted elevated probability of non-cardiovascular death in
higher BMI categories (42-44). Therefore, it is conceivable that
these adverse effects due to impaired renal function offset the
survival advantage of higher BMI values, which is protective
against non-cardiac causes.

There are several underlying etiologies of renal impairment
and diabetic nephropathy, hypertensive nephropathy, and
renal artery stenosis are largely prevalent in patients with
coronary artery disease (45-47). Because renal impairment
in combination with BMI is clearly associated with all-cause
mortality, management of underlying nephropathy is crucial
to improve patient outcomes. In cases of anatomical etiology
such as renal artery stenosis, vascular intervention promotes the
restoration of renal impairment. In patients with hypertensive
or diabetic nephropathy, managing underlying comorbidities
is a key to prevent the progression of renal dysfunction. In
particular, diabetic nephropathy has known to be associated with
a higher cardiovascular risk than other renal diseases, intensive
management should be considered even in the case of mild renal
impairment (47).

This study has some limitations. BMI may not be a reliable
and accurate marker to differentiate patients with high muscle
or bone mass, who are not truly overfat. Other parameters, such
as waist circumference or abdominal diameter, can be added to
increase the diagnostic accuracy for obesity (48, 49). In addition,
information on renal function was assessed once at the time of
presentation to the hospital. Therefore, we may have included
individuals with acute kidney injury.

CONCLUSION

The all-cause mortality rate after AMI was observed to decrease
with increasing BMI in all renal function categories. However,
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the survival benefit of a high BMI and the hazard of a low BMI
was weakened with worsening renal function, suggesting that the
effect of BMI on mortality risk was dependent on renal function.
In addition, the association between higher BMI benefit and renal
function was more prominent in non-cardiac death risk than in
cardiac death risk.
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