
Abstract. Background/Aim: Little is known about the impact
of diabetes mellitus (DM) on clinical outcomes in lean
patients with acute myocardial infarction (AMI). We
conducted this study to evaluate the impact of DM on clinical
outcomes in AMI patients based on body mass index (BMI)
level. Patients and Methods: A total of 1,282 consecutive AMI
patients who underwent emergent percutaneous coronary
intervention within 24 hours from onset were retrospectively
studied. The patients were divided into 2 groups based on
BMI: Underweight group (BMI <18.5 kg/m2, n=61) and non-
Underweight group (BMI ≥18.5 kg/m2, n=1,221). The
primary endpoint was all-cause death, and the secondary
endpoint was major adverse cardiovascular and
cerebrovascular events. The median follow-up period was 3.8
(1.7-5.0) years. Results: The Underweight patients were older
and included more females than the non-Underweight
patients, and had a lower prevalence of coronary risk factors
including DM. The primary and secondary endpoints were
significantly higher in the Underweight patients (both p<0.05
by the Log-rank test). When divided by the presence of DM,
the secondary endpoint was significantly higher in the non-
Underweight patients with DM than in those without DM
(p<0.05). However, there was no significant difference
between Underweight patients with DM and those without
DM. Multivariate analyses showed that DM was an
independent predictor for the primary and secondary

endpoints in non-Underweight patients, but not in
Underweight patients. Conclusion: DM was associated with
worse clinical outcomes in normal-weight or obese AMI
patients, but not in underweight AMI patients.

Obese patients have a higher prevalence of diabetes mellitus
(DM) and cardiovascular disease (CVD), which is significantly
associated with increased mortality (1-4). On the other hand,
previous studies have reported worse clinical outcomes in
underweight CVD patients including acute myocardial
infarction (AMI) compared to obese or normal-weight patients
(5-8). However, the underlying mechanisms of the worse
outcomes in underweight AMI patients is not yet determined.

Several studies reported that AMI patients with low body
mass index (BMI) tend to have lower incidence of
cardiovascular risk factors including DM regardless of poor
clinical outcomes compared to obese patients (8-10). Also,
underweight general populations with DM have been shown to
be significantly associated with worse cardiovascular mortality
(11). However, little is known about the impact of DM on
clinical outcomes in AMI patients with low BMI. Therefore,
the aim of this study was to evaluate the impact of DM on
clinical outcomes in AMI patients based on BMI level.

Patients and Methods
Study population. Consecutive AMI patients who admitted to the
Hirosaki University Hospital between January 2007 and January 2017
and who had emergent percutaneous coronary intervention (PCI)
within 24 hours from symptom onset were evaluated in this
retrospective study (Figure 1). We excluded the patients without BMI
data at admission (n=13), and finally enrolled 1,282 patients. The
diagnosis of AMI was established using the universal definition of
myocardial infarction (MI) based on clinical symptoms, changes in
electrocardiographic readings, and the elevation of cardiac biomarkers
(12). Patient management, including the choice of antiplatelet drugs
or PCI procedures, was at the discretion of the treating physician.

BMI was calculated as body weight (kg) divided by the square of
height (m2) at the time of AMI presentation. We divided the patients
into 2 groups according to baseline BMI as follows: Underweight
group (BMI <18.5 kg/m2, n=61) and non-Underweight group (BMI
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≥18.5 kg/m2, n=1,221) as per the World Health Organization (WHO)
criteria (13) (Figure 1). Patients’ hospital records about the past
medical history and the clinical data during hospitalization were
reviewed. Hypertension was defined as a systolic blood pressure (SBP)
≥140 mmHg, diastolic blood pressure (DBP) ≥90 mmHg, or use of
antihypertensive medication before admission. DM was defined as a
hemoglobin A1c level ≥6.5%, antidiabetic medical treatment, or a
presence of a history of DM. Dyslipidemia was defined as a total
cholesterol level ≥220 mg/dl, a low-density lipoprotein (LDL)
cholesterol level ≥140 mg/dl, a high-density lipoprotein (HDL)
cholesterol level <40 mg/dl, or medical treatment for dyslipidemia.
This study was conducted based on the ethical guidelines for medical
research on humans in the Helsinki Declaration. The research protocol
was approved by the Institutional Review Board of the Hirosaki
University Graduate School of Medicine.

Study endpoints. The primary endpoint in the present study was all-
cause death. The secondary endpoint was major adverse
cardiovascular and cerebrovascular events (MACCE), which was a
composite of cardiovascular death, non-fatal MI, non-fatal stroke,
and re-hospitalization for heart failure. The median follow-up period
was 3.8 (1.7-5.0) years.

Statistical analysis. Continuous variables were expressed as
mean±standard deviation or median (interquartile range), whereas
categorical variables were expressed as frequencies and percentages.
We used one-way analysis of variance to compare continuous
variables and the Tukey-Kramer test to determine the statistical
significance of differences. We employed the Mann-Whitney U-test
for nonparametric variables, and chi-square analysis for categorical
variables. The Kaplan-Meier method was used to estimate primary
and secondary endpoints, and the Log-rank test was used to
compare 2 groups. Using the Cox proportional hazards regression,
we performed multivariate analyses for the determinants of all-cause
death and MACCE. The variables including age, male (sex),
hypertension, dyslipidemia, and DM were used for analysis. The
95% confidence intervals (CIs) and hazard ratios (HRs) were
calculated. Statistical significance was defined as a p-value of less
than 0.05. JMP pro version 16 was used to conduct statistical
analysis (SAS Institute, Cary, NC, USA).

Results

Patient characteristics. We enrolled 1,282 patients with
mean age of 66±12 years and 1,011 (79%) were men. Sixty-
one patients (5%) were in the Underweight group and 1,221
(95%) were in the non-Underweight group. Baseline
characteristics of the study population are shown in Table I.
Patients in the Underweight group were older and there
existed more females than those in the non-Underweight
group. Non-Underweight patients had a higher prevalence of
coronary risk factors, including DM, dyslipidemia, and
current smoking habits. The prevalence of previous MI and
stroke between the 2 groups were not different. The
prevalence of Killip classification IV or multivessel disease
was equivalent and left ventricular ejection fraction at the
acute phase was not different between the 2 groups. Peak
CPK and CPK-MB also did not differ between the 2 groups.

With respect to PCI procedures, final TIMI flow ≥2 or time
to reperfusion were not different between the 2 groups.
Renal function was decreased in the Underweight patients.

Clinical outcomes. The Kaplan-Meier curves for the primary
and secondary endpoints between the 2 groups (BMI <18.5
kg/m2 vs. BMI ≥18.5 kg/m2) are compared, as shown in
Figure 2, and the details of the clinical outcomes are shown
in Table II. The primary endpoint, defined as all-cause death,
was significantly higher in Underweight patients (p<0.05 by
the Log-rank test) (Figure 2A). Moreover, the secondary
endpoint, defined as MACCE, was also significantly higher
in Underweight patients (p<0.05 by the Log-rank test) (Figure
2B). Among the secondary endpoints, the frequency of
cardiovascular death (21% vs. 9%, p<0.05) and re-
hospitalization for heart failure (15% vs. 7%, p<0.05) were
significantly higher in Underweight patients (Table II). To
evaluate the impact of DM on the clinical outcomes, we
performed the Kaplan-Meier estimates for the primary and
secondary endpoints between the 2 groups (patients with DM
vs. those without DM) according to BMI level at admission
(Figure 3 and Figure 4). The incidence of all-cause death
tended to be higher in the Underweight patients with DM
(p=0.067 by the Log-rank test) and in the non-Underweight
patients with DM (p=0.075 by the Log-rank test) compared
with those without DM, respectively, although these were not
statistically significant (Figure 3A and 3B). The incidence of
MACCE was significantly higher in non-Underweight
patients with DM than in those without DM (p<0.05 by the
Log-rank test) (Figure 4B). However, there was no significant
difference between Underweight patients with DM and
without DM (p=0.33 by the Log-rank test) (Figure 4A).

Predictor for the clinical outcomes. Multivariate analyses
for the primary and secondary endpoints are shown in Table
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Figure 1. Study flow chart. AMI: Acute myocardial infarction, BMI:
body mass index.
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Figure 2. Comparison of the Kaplan-Meier curves for the clinical outcomes between patients with BMI <18.5 kg/m2 and BMI ≥18.5 kg/m2. (A) All-
cause death. (B) MACCE: a composite of cardiovascular death, non-fatal myocardial infarction, non-fatal stroke, and re-hospitalization for heart
failure. BMI: Body mass index, MACCE: major adverse cardiovascular and cerebrovascular events. 

Table I. Patient characteristics.

                                                                                  All patients                             Underweight Νon-Underweight p-Value
                                                                                   (n=1,282)                                    (n=61) (n=1,221)

Age, years                                                                     66±12                                        77±9 65±12                                <0.05
Male, n (%)                                                               1,011 (79)                                   39 (64) 972 (79)                              <0.05
BMI, kg/m2                                                                    24±4                                         17±1 24±3                                 <0.05
Coronary risk factors, n (%)                                                                                                                                        
    Diabetes mellitus                                                    627 (49)                                     20 (33) 607 (49)                              <0.05
    Dyslipidemia                                                         1,029 (80)                                   37 (60) 992 (81)                              <0.05
    Hypertension                                                           939 (73)                                     44 (72) 895 (73)                                 0.88
    Current smoker                                                       527 (41)                                     15 (24) 512 (42)                              <0.05
Previous MI, n (%)                                                     124 (10)                                      6 (10) 118 (10)                                 1.00
Previous stroke, n (%)                                                 120 (9)                                       9 (14) 111 (9)                                  0.17
Killip classification 4, n (%)                                        88 (7)                                        6 (10) 82 (7)                                   0.30
LVEF, %                                                                        46±10                                       45±11 46±10                                   0.08
STEMI, n (%)                                                            1,213 (95)                                   57 (93) 1,156 (94)                               0.57
Multi-vessel disease, n (%)                                        660 (51)                                     36 (59) 624 (51)                                 0.24
LMT lesion, n (%)                                                      126 (10)                                      9 (15) 117 (10)                                 0.19
Time to reperfusion, min                                       286 (195-450)                          325 (215-430) 285 (194-450)                            0.43
Final TIMI flow ≥2, n (%)                                       1,233 (96)                                   59 (96) 1,174 (96)                               1.00
Blood chemistry at admission                                                                                                                                     
    eGFR, ml/min/1.73m2                                          72 (55-87)                                63 (37-84) 72 (55-87)                             <0.05
    HbA1c, %                                                              6 (5.7-6.7)                               5.9 (5.5-6.2) 6 (5.7-6.8)                             <0.05
    Glucose, mg/dl                                                   146 (119-195)                          131 (114-157) 148 (119-196)                          <0.05
    Triglyceride, mg/dl                                             101 (64-159)                              64 (46-97) 103 (66-162)                           <0.05
    LDL-cholesterol, mg/dl                                      120 (97-143)                            103 (79-131) 120 (98-144)                           <0.05
    HDL-cholesterol, mg/dl                                        45 (38-53)                                50 (41-61) 45 (38-53)                             <0.05
Peak CPK, IU/l                                                  2,441 (1,096-4,453)                  2,183 (884-3,312) 2,469 (1,102-4,463)                       0.16
Peak CPK-MB, IU/l                                               242 (111-450)                          227 (107-402) 242 (111-451)                            0.92

Data are presented as mean±standard deviation, n (%), or median and interquartile ranges. Underweight group: BMI <18.5 kg/m2, and non-
Underweight group: BMI ≥18.5 kg/m2. BMI: Body mass index; MI: myocardial infarction; LVEF: left ventricular ejection fraction; STEMI: ST
elevation myocardial infarction; LMT: left main trunk; TIMI: thrombolysis in myocardial infarction; eGFR: estimated glomerular filtration rate;
LDL: low-density lipoprotein; HDL: high-density lipoprotein; CPK: creatine phosphokinase; CPK-MB: creatine phosphokinase myocardial isoform.



III and Table IV. Age and DM were an independent
predictor for all-cause death and MACCE in all study
patients. Male (sex) was an independent predictor for all-
cause death, but not for MACCE. Hypertension and
dyslipidemia were not an independent predictor for both all-
cause death and MACCE. Moreover, when analyzed by
BMI category, age was an independent predictor for all-
cause death both in non-Underweight patients and in
Underweight patients, whereas male (sex) and DM were
independent predictors only in non-Underweight patients.
Similarly, age and DM was an independent predictor for
MACCE in the non-Underweight patients, whereas none of
them was in the Underweight patients.

Discussion

Major findings. In the present study, we showed that
underweight AMI patients were associated with worse all-
cause death and MACCE compared to normal-weight or
obese AMI patients. Furthermore, our results revealed that
DM was a significant predictor for all-cause death and
MACCE in normal-weight or obese AMI patients, but not in
underweight AMI patients.

Association between BMI and cardiovascular disease.
Adipocytes secrete a variety of hormones. Some have effects
on renin-angiotensin-aldosterone system activation,
sympathetic nerve activation, and dysregulation of insulin
growth factor, all of which are known as triggers for metabolic
diseases including DM and CVD (14, 15). On the other hand,
several adipocytes are reported to have cardioprotective
effects, which may be inhibited by excess body fat (16, 17).
The WHO defined obesity as “excess body fat that is
detrimental to health”, which is known to be an important
CVD risk factor, causing 3 million deaths worldwide (1-4).
BMI has been reported to be an important predictor for
cardiovascular mortality (18-20). However, even if patients
have a normal-BMI, an increased fatness might not be ruled
out because BMI does not reflect the body composition such
as fat and muscle (21-23). As a result, several studies reported
that BMI might be an inadequate marker for general adiposity
(14). However, BMI is easily calculated by body weight and
height, and therefore many studies employed BMI as a simple
and economical index of obesity. 

It has been reported that low BMI patients with CVD
including AMI have worse clinical outcomes compared to
obese or normal-weight patients (5-10, 24, 25), which is
consistent with our findings. Underweight patients might be
affected by non-cardiac death due to comorbidities, such as
cancer, and pneumonia. Although these comorbidities might
be one of the reasons for worse mortality in underweight
patients, the underlying mechanisms of the worse outcomes
in underweight AMI patients is not yet determined.

Impact of DM on clinical outcomes in underweight AMI
patients. Consistent with previous reports, DM was shown
to be one of the independent risk factors for MACCE in
AMI patients in the present study. Many epidemiological
studies have shown that DM is associated with obesity and
is an independent risk factor for CVD (26-28). On the other
hand, Underweight patients have been previously shown to
be older and have less traditional CVD risk factors, such as
DM compared to normal-weight or obese patients (9, 10,
29). Nevertheless, worse all-cause death and MACCE were
found in underweight AMI patients compared to normal-
weight or obese AMI patients in our study. This is consistent
with previous reports showing that non-cardiac death such
as cachexia, malnutrition, and malignancy, as well as
cardiac deaths, are more common in the older underweight
patients (30-32). 

DM and underweight have been shown to be associated
with worse mortality in general populations (22). Compared
to non-diabetics, underweight diabetics were shown to be
significantly higher risk of all-cause death only in younger
age groups (<65 years). Nilsson et al. also reported that
cardiac death and all-cause mortality were significantly
increased in non-obese DM patients with BMI <25 kg/m2
(11). In our study, the incidence of all-cause death and
MACCE in Underweight AMI patients with BMI <18.5
kg/m2 did not differ between those with DM and without
DM, indicating that DM is an independent predictor for all-
cause death and MACCE only in the normal-weight or obese
AMI patients, but not in the Underweight AMI patients. 

Characteristics of the elderly DM patients. In an aging
society, the aging of DM patients is also increasing (33, 34).
Although the life expectancy of DM patients is generally
shorter than that of non-DM patients (35), it has been
reported that the relative risk of mortality in DM patients
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Table II. Clinical outcomes according to BMI at admission.

                                              Underweight   Non-Underweight    p-Value
                                                   (n=61)               (n=1,221)                 

Primary endpoint                                                                                 
    All-cause death, n (%)          31 (51)               221 (18)           <0.05
Secondary endpoints                                                                           
    Cardiovascular                      13 (21)                 105 (9)             <0.05
    death, n (%)
    Non-fatal MI, n (%)                3 (5)                    65 (5)                1.00
    Non-fatal stroke, n (%)           4 (7)                    71 (6)                0.78
    Re- hospitalization 
    for heart failure, n (%)         9 (15)                  83 (7)              <0.05

Data are presented as n (%). Underweight group: BMI <18.5 kg/m2, and
non-Underweight group: BMI ≥18.5 kg/m2. BMI: Body mass index;
MI: myocardial infarction.



decreases with aging (36). Zoungas et al. reported that an
increase in the duration of DM had a greater impact on
worse clinical outcomes than an increase in age. Since the
duration of DM is expected to be longer in DM patients
with a younger onset of disease, it is conceivable that the

majority of high-risk DM patients may be excluded from the
older DM group as a result (37). In other words, the
surviving elderly patients with DM might have been a low-
risk group with a short duration of DM. These previous
studies are consistent with the present study showing that
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Figure 3. Comparison of Kaplan-Meier curves for all-cause death between 2 groups (DM vs. non-DM patients) in the Underweight group (BMI
<18.5 kg/m2) (A) and in the non-Underweight group (BMI ≥18.5 kg/m2) (B). DM indicates diabetes mellitus. 

Figure 4. Comparison of Kaplan-Meier curves for MACCE between 2 groups (DM vs. non-DM patients) in the Underweight group (BMI <18.5
kg/m2) (A) and in the non-Underweight group (BMI ≥18.5 kg/m2) (B). DM indicates diabetes mellitus, MACCE: major adverse cardiovascular and
cerebrovascular events.



DM did not have a significant impact on poor clinical
outcomes in the underweight AMI patients.

Kirkman et al. reported that the incidence of DM
increases with aging up to 65 years, however after 65 years,
both the incidence and the prevalence of DM decrease.
Therefore, elderly diabetic patients can be divided into two
groups: those with incidental DM diagnosed after age 65
years, and those with longer duration of DM (38). For
elderly-onset DM, the mechanism of insulin resistance is
thought to be due to changes in body composition, decreased
lean body mass, and decreased physical activity, suggesting
that there might be different characteristics from middle
aged-onset DM (39, 40). The duration of DM treatment
might be complexly associated with clinical outcomes,
therefore the impact of DM on clinical outcomes of the
elderly diabetic patients were not simply evaluated. 

Study limitations. There are certain limitations in the present
study. First, although the clinical variables were adequately
adjusted, the results might be influenced by unknown
variables. Second, we reported worse clinical outcomes in
underweight AMI patients, however, obese patients may often
develop hypertension, DM, and dyslipidemia in the long-term
period, eventually leading to poor clinical outcomes. Third,
these results were derived from only limited numbers of
underweight AMI patients by a single-center retrospective

study and might therefore not be generalizable to other
populations. Although the mechanisms of the less prognostic
impact of DM on the underweight AMI patients are
undetermined, it is possible that the shorter observation
period may have influenced the results. Fourth, since we only
collected the BMI data at admission, any change in the BMI
was not evaluated. Accordingly, the impact of BMI change
on the clinical outcomes was not discussed (20). Fifth, there
was no information about the physical examination, such as
waist circumference to determine the degree of visceral fat
accumulation. Finally, there was a paucity of medical
information about the treatment of DM, which might have
influenced the results. Although this retrospective study had
these limitations, our results might contribute to partly
explain the underlying mechanisms for worse clinical
outcomes in underweight AMI patients. Further larger-scale
prospective studies are clearly warranted.

Conclusion

Underweight AMI patients had worse clinical outcomes
compared to normal-weight or obese AMI patients. DM was
associated with worse clinical outcomes in normal-weight or
obese AMI patients, but not in underweight AMI patients.
Further studies are required to seek for the mechanisms for
worse clinical outcomes in underweight AMI patients.
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Table III. Adjusted hazard ratios for the primary endpoint.

                                                   Adjusted HR (95% CI)               p-Value

Primary endpoint                                                                                         
    All patients                                                                                      
       Age                                           1.07 (1.05-1.08)                     <0.05
       Male (sex)                                1.48 (1.06-2.07)                     <0.05
       Diabetes mellitus                     1.48 (1.13-1.95)                     <0.05
       Dyslipidemia                            0.76 (0.56-1.03)                       0.08
       Hypertension                            0.98 (0.72-1.33)                       0.91
    Underweight                                                                                   
       Age                                           1.06 (1.01-1.13)                     <0.05
       Male (sex)                                0.78 (0.34-1.79)                       0.56
       Diabetes mellitus                     2.07 (0.93-4.62)                       0.07
       Dyslipidemia                            1.23 (0.53-2.85)                       0.63
       Hypertension                            2.14 (0.77-5.94)                       0.14
    Non-Underweight                                                                            
       Age                                           1.07 (1.05-1.08)                     <0.05
       Male (sex)                                1.58 (1.10-2.29)                     <0.05
       Diabetes mellitus                     1.48 (1.10-1.99)                     <0.05
       Dyslipidemia                            0.77 (0.55-1.07)                       0.12
       Hypertension                            0.91 (0.66-1.27)                       0.58

Primary endpoint was defined as all-cause death. Underweight group:
BMI <18.5 kg/m2, and non-Underweight group: BMI ≥18.5 kg/m2.
BMI: Body mass index; HR: hazard ratio; CI: confidence interval.

Table IV. Adjusted hazard ratios for the secondary endpoints.

                                                   Adjusted HR (95% CI)               p-Value

Secondary endpoints                                                                                   
    All patients                                                                                      
       Age                                           1.05 (1.04-1.06)                     <0.05
       Male (sex)                                1.00 (0.75-1.34)                       1.00
       Diabetes mellitus                     1.47 (1.12-1.94)                     <0.05
       Dyslipidemia                            0.75 (0.55-1.02)                       0.59
       Hypertension                            1.00 (0.73-1.37)                       0.47
    Underweight                                                                                    
       Age                                           1.05 (0.99-1.10)                       0.06
       Male (sex)                                0.52 (0.21-1.30)                       0.16
       Diabetes mellitus                     1.68 (0.71-3.96)                       0.24
       Dyslipidemia                            0.49 (0.20-1.17)                       0.11
       Hypertension                            0.92 (0.36-2.39)                       0.87
    Non-Underweight                                                                            
       Age                                           1.05 (1.03-1.06)                     <0.05
       Male (sex)                                1.08 (0.79-1.47)                       0.65
       Diabetes mellitus                     1.49 (1.14-1.94)                     <0.05
       Dyslipidemia                            1.05 (0.75-1.45)                       0.79
       Hypertension                            1.15 (0.84-1.57)                       0.38

Secondary endpoint was defined as a composite of cardiovascular death,
non-fatal myocardial infarction, non-fatal stroke, and re-hospitalization
for heart failure. Underweight group: BMI <18.5 kg/m2, and non-
Underweight group: BMI ≥18.5 kg/m2. BMI: Body mass index; HR:
hazard ratio; CI: confidence interval.
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