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ARTICLE INFO ABSTRACT

Background: This study aimed to assess strategies of insulin-providing (IP) or insulin-sensitizing (IS) therapy
for glycemic control in nonobese diabetic patients with coronary artery disease (CAD) with possibly higher
cardiovascular risk and lower insulin secretion than obese diabetic patients with CAD.

Methods: We used data from the Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) trial to
calculate hazard ratio (HR) with 95% confidence interval (95%CI) for outcome events in patients with type 2
diabetes and CAD using Cox proportional hazard models. The comparison between the IP and IS groups was
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C?r,cv)‘ﬁ):r;artery disease performed using the randomized design of the BARI 2D trial separately for nonobese (n = 1021) and
Type 2 diabetes obese (n = 1319) patients. The primary outcome was a composite endpoint including all-cause death,
Nonobese myocardial infarction, and stroke.

Results: During the follow-up, 231 nonobese and 295 obese patients had one confirmed primary outcome
event. In nonobese patients, the risk of primary outcome events was significantly higher in the IP group
than the IS group (HR: 1.30, 95%CI: 1.00-1.68, P = 0.04), whereas that in obese patients did not differ
significantly between the two groups. Moreover, in nonobese patients, the risk of primary outcome events
in those without abdominal obesity was significantly higher in the IP group than that in the IS group
(HR: 1.51, 95%CI: 1.05-2.19, P = 0.02). There were no significant interactions between the strategy for
glycemic control and various subgroups of nonobese patients.

Conclusions: In nonobese patients with type 2 diabetes and CAD, the IS treatment strategy may be more

Cardiovascular events
Insulin-sensitizing therapy
Insulin-providing therapy

beneficial than the IP treatment strategy.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Type 2 diabetic patients are commonly obese. However, nonobese
patients may also develop type 2 diabetes, with recent studies suggest-
ing that approximately half of diabetic patients are nonobese [1-3].
In addition, studies have reported that nonobese diabetic patients are
associated with a higher risk of cardiovascular events than obese
diabetic patients [4-8]. Other studies investigating diabetic patients
without known cardiovascular disease have suggested that the risk of
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hemoglobin; BMI, body mass index; NHLBI, National Heart, Lung, and Blood Institute; HR,
hazard ratio; GLP-1, glucagon-like peptide-1; SGLT2, sodium-glucose co-transporter 2.
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cardiovascular events was lower in nonobese than in obese patients
[9,10]. However, nonobese diabetic patients with coronary artery dis-
ease (CAD) may be at higher risk of subsequent cardiovascular events
[7,8]. Thus, determining the optimal strategy for glycemic control in
nonobese diabetic patients, particularly those with CAD, is essential.

Metformin is an oral antidiabetic drug recommended as first-line
therapy in type 2 diabetic patients [11]. Metformin is associated with
improvement in insulin sensitivity and less weight gain, thus, it is an
appropriate treatment option for obese diabetic patients. The patho-
physiology of nonobese diabetic patients is potentially associated with
low insulin secretion rather than high insulin resistance. Therefore,
insulin-providing (IP) therapy to provide more endogenous or exoge-
nous insulin may be more effective for glycemic control than insulin-
sensitizing (IS) therapy to reduce insulin resistance. However, the opti-
mal strategy for glycemic control in nonobese diabetic patients remains
unknown. The main aim of the present study was to assess the strate-
gies of the IP and IS therapies for glycemic control in nonobese diabetic
patients with CAD. Additionally, the strategies of the IP and IS therapies
in obese diabetic patients with CAD were also assessed.

0167-5273/© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Methods
2.1. Study design

The present study used data from the Bypass Angioplasty Revascularization Investigation
2 Diabetes (BARI 2D) trial. The analysis assessed two strategies of IP and IS therapies for gly-
cemic control in nonobese and obese type 2 diabetic patients with CAD. Detailed information
regarding the study protocol and design of the BARI 2D trial has been previously reported
[12-16]. Briefly, the BARI 2D trial was an international, randomized, clinical trial conducted
in 49 clinical sites in the United States, Canada, Austria, Mexico, Brazil, and the Czech
Republic. Following the confirmation of patient eligibility and provision of written consent,
the eligible patients were enrolled from January 1, 2001, to March 31, 2005. The study in-
cluded 2368 type 2 diabetic patients with CAD. Type 2 diabetes was diagnosed based on
the requirement for treatment with oral hypoglycemic drugs/insulin or elevated fasting
plasma glucose levels (2126 mg/dL [7.0 mmoL/L]). The diagnosis of CAD was based on the fol-
lowing angiographical findings: >70% stenosis of a major epicardial coronary artery and clas-
sic angina or >50% stenosis of a major epicardial coronary artery associated with a positive
stress test. Patients who had undergone revascularization within 12 months prior to their en-
rollment in this study, required immediate coronary revascularization, had congestive heart
failure functional class III or IV (New York Heart Association), serum creatinine levels
>2.0 mg/dL, hepatic disease, or >50% stenosis of the left main coronary artery were excluded.
Patients who had glycated hemoglobin (HbA1c) levels >13.0% were also excluded because, in
the patients with poorly controlled diabetes, it may be difficult to achieve the target HbA1c
levels <7.0% in the BARI 2D trial. All patients were treated with intensive management for hy-
pertension and dyslipidemia. According to current guidelines during the trial, the target
levels of systolic and diastolic blood pressure were <130 mm Hg and <80 mm Hg, respec-
tively, and that of low-density lipoprotein cholesterol was <100 mg/dL. In addition, all pa-
tients received advice on weight loss, physical exercise, and smoking cessation. Patients
were randomly assigned to two treatment strategies using a 2-by-2 factorial design: Patients
were assigned at random to undergo either intensive medical therapy alone or prompt revas-
cularization combined with intensive medical therapy, and were simultaneously assigned at
random to receive either IP or IS therapy [12-16]. In the IP group, the agents used included
sulfonylureas, repaglinide, other approved meglitinides, and insulin. In the IS group, two clas-
ses of insulin sensitizers were used: 1) biguanides, primarily reducing the production of he-
patic glucose; and 2) thiazolidinediones, primarily reducing insulin resistance in skeletal
muscle and adipocytes. The management of diabetes ranged from dietary management
and/or exercise to treatment with insulin prior to participating in the BARI 2D trial. Therefore,
the goal of this investigation was to transfer each patient to only those interventions specified
by the randomized treatment allocation of the BARI 2D protocol [12-16]. The algorithms
were stratified for each glycemic strategy according to prior use of insulin [17]. The general
target for the HbA1c levels was <7.0%, consistent with those indicated in the current treat-
ment guidelines [18]. For elderly patients without diabetic neuropathy, retinopathy, or ne-
phropathy, HbA1c levels were maintained between 7.0% and 7.4%. Sustained HbA1c levels
>8.0% mandated the use of drugs from the opposite arm of the study; however, these cross-
over drugs were provided at the lowest doses required to achieve HbA1c levels <8.0%. A com-
prehensive program of diabetes education was provided to all patients. Patients were
regularly monitored during the study for home blood glucose and HbA1c levels. In addition,
the functions of the liver and kidneys were measured to assess drug toxicity. Patients lacking
information on body mass index (BMI) (n = 28) were excluded, resulting in a final sample of
2340 patients.

This study was approved by the institutional review board of the National Center for
Global Health and Medicine. Moreover, the National Heart, Lung, and Blood Institute
(NHLBI) approved the use of the BARI 2D trial data.

2.2. Evaluation of outcomes

The detailed evaluation of outcomes in the BARI 2D trial was previously reported
[12,19]. The primary outcome of the present study was a composite endpoint including
all-cause death, nonfatal myocardial infarction, and nonfatal stroke. The secondary
outcomes were major adverse cardiovascular events (cardiovascular death, nonfatal
myocardial infarction, and nonfatal stroke), major cardiac events (cardiac death and
nonfatal myocardial infarction), fatal or nonfatal myocardial infarction, fatal or
nonfatal stroke, and all-cause death. Myocardial infarction included silent, spontaneous,
and procedure-related events [12,19]. The classification and adjudication of the
endpoint data were performed by an independent Mortality and Morbidity Classification
Committee. Until November 30, 2008, patients were evaluated on a monthly basis during
the first 6 months and quarterly thereafter. Because the treatment continued until the
6-year visit or until the last visit, patients were followed up for a maximum of 6 years [12].

2.3. Statistical analysis

Demographic data are shown as means 4 standard deviations or proportions.
Continuous variables were compared using the t-test and categorical variables were
compared using the chi-squared test. Kaplan-Meier survival curves for primary outcome
were constructed and the event rates of primary and secondary outcomes were calculated
in the IP and IS groups. Cox proportional hazard models were used to calculate hazard
ratios (HRs) for primary and secondary outcomes with 95% CI. Comparison between
the IP and IS groups was performed using the randomized design of the BARI 2D trial
separately for nonobese and obese patients. The BMI was calculated dividing the
weight (in kilograms) by the squared height (in meters), and obesity was defined as a
BMI >30 kg/m?. In nonobese patients, similar analyses were performed in those with

normal weight (BMI 18.5-24.9 kg/m?) or overweight (BMI 25.0-29.9 kg/m?), and in
those with or without abdominal obesity. Abdominal obesity was defined as a waist
circumference of 2102 ¢cm in males and >88 cm in females [20]. Because the number of
obese patients without abdominal obesity was very small (n = 36), obese patients
could not be divided into two groups with and without abdominal obesity.

The primary outcome was further compared between clinically relevant subgroups,
such as age (<70 or 270 years), sex (male or female), race (non-white or white), duration
of diabetes (<10 or 210 years), HbA1c levels (<7.0 or 27.0%), estimated glomerular filtration
rate (<60 or 260 mL/min/1.73 m?), use of insulin (nonuser or user), and strategy for cardiac
treatment (intensive medical therapy or prompt revascularization). Interactions between
the strategy for glycemic control and these subgroups were investigated.

In the present study, the association between obesity and risk of cardiovascular events
was analyzed to confirm the cardiovascular risk in nonobese type 2 diabetic patients with
CAD. Cox proportional hazard models were used to calculate the unadjusted and
multivariable-adjusted HRs for primary outcome events. These analyses were performed
using the following two classifications: 1) no obesity and obesity or 2) normal weight,
overweight, and obesity. For the adjustment of model 1, age, sex, race, educational
attainment, smoking status, HbA1c levels, duration of diabetes, and waist circumference
were included. For the adjustment of model 2, hypertension, hypercholesterolemia,
previous history of myocardial infarction and stroke/transient ischemic attack, physical
activity, low-density lipoprotein cholesterol levels, estimated glomerular filtration rate,
and systolic blood pressure were included to the variables of model 1. For the adjustment
of model 3, the use of angiotensin-converting enzyme inhibitors, angiotensin II receptor
blockers, calcium channel blockers, beta blockers, diuretics, statins, aspirin, insulin,
biguanides, and sulfonylureas, along with assignment of glycemic treatment (IP or IS)
and cardiac treatment (prompt revascularization or medical therapy) were included to
the variables of model 2.

The null hypothesis was rejected for values of P < 0.05. All statistical analyses were
performed using the Stata software (version 14.1; Stata Corp., College Station, Texas, USA).

3. Results
3.1. Baseline characteristics

The baseline characteristics of nonobese (n = 1021) and obese
(n = 1319) patients are shown in Table 1. In both nonobese and
obese patients, baseline characteristics did not differ significantly
between the IP and IS groups.

3.2. Primary and secondary outcomes

The overall mean follow-up period (4standard deviation) was 4.0
(£1.8) years: 3.9 (41.8) years and 4.0 (£1.7) years for nonobese and
obese patients, respectively. During the follow-up, 231 nonobese and
295 obese patients had at least one confirmed primary outcome event.
The Kaplan-Meier survival curves for primary outcome events in
nonobese and obese patients are shown in Fig. 1. The risk of primary
outcome events in nonobese patients was significantly higher in the IP
group than in the IS group (HR: 1.30, 95% CI: 1.00-1.68, P = 0.04,
Fig. 1A), whereas that in obese patients did not differ significantly
between the IP and IS groups (HR: 1.04, 95% CI: 0.83-1.31, P = 0.72,
Fig. 1B). Similarly, a higher risk of primary outcome events in the IP
group than in the IS group was observed in nonobese patients with
BMI 18.5-24.9 kg/m? (HR: 1.46, 95% CI: 0.80-2.71, P = 0.21) and in
those with BMI 25.0-29.9 kg/m? (HR: 1.26, 95% CI: 0.94-1.70, P =
0.12). In addition, in nonobese patients, the risk of primary outcome
events in those without abdominal obesity was significantly higher in
the IP group than in the IS group (HR: 1.51, 95% CI: 1.05-2.19, P =
0.02, Supplemental Fig. 1). The cumulative event rates and HRs for pri-
mary and secondary outcome events in nonobese patients without ab-
dominal obesity are shown in Table 2. The risks of major adverse
cardiovascular events and major cardiac events were significantly
higher in the IP group than in the IS group (HR for major adverse
cardiovascular events: 1.70, 95% CI: 1.12-2.57, P = 0.01; HR for major
cardiac events: 1.70, 95% CI: 1.09-2.66, P = 0.01, respectively).
Although there was no significant difference, the risks of fatal or nonfa-
tal myocardial infarction, fatal or nonfatal stroke, and all-cause mortal-
ity were higher in the IP group than in the IS group. In nonobese
patients with abdominal obesity, there were no significant differences
in the primary and secondary outcome events between the IP and IS
groups (Supplemental Table 1).
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Table 1
Baseline characteristics of nonobese and obese patients.*
Obesity (—) Obesity (+)
n = 1021 n=1319
IS P P IS P P
n=510 n=511 value n =657 n = 662 value
Age 0.97 0.69
<50y 7.7 6.9 94 9.2
50-59y 28.2 274 35.2 323
60-69 y 39.0 40.5 35.6 40.2
70-79y 22.6 229 18.9 17.2
>80y 2.5 2.3 0.9 1.1
Female sex (%) 249 27.2 0.40 33.6 30.5 0.22
Race and ethnicity (White, %) 329 344 0.61 271 26.3 0.74
Smoking status (%) 0.54 0.06
Never 314 30.7 374 31.5
Former 53.7 56.5 513 57.2
Current 149 12.8 113 113
Education level (%) 0.62 0.83
Less than high school 433 46.1 31.2 30.5
High school 18.9 19.0 232 24.6
More than high school 37.8 35.0 45.6 449
Physical activity (%) 0.99 0.40
Sedentary 21.2 21.1 233 222
Mild 40.0 40.0 435 41.0
Moderate/strenuous 38.8 38.9 33.2 36.8
Body mass index (kg/m?)® 26.8 (2.2) 26.7 (2.3) 0.38 35.5(4.9) 35.5 (4.5) 0.59
Duration of diabetes (years) 10.5 (8.7) 11.0 (8.6) 0.39 9.9 (8.2) 10.6 (9.1) 0.14
Hypertension (%) 74.8 79.8 0.06 86.3 86.7 0.82
Hypercholesterolemia (%) 78.2 80.7 0.31 82.9 84.3 0.51
History of myocardial infarction (%) 341 36.1 0.51 31.2 282 0.23
History of stroke/TIA (%) 103 10.6 0.87 9.8 8.9 0.59
History of chronic heart failure 5.1 4.7 0.77 7.9 8.1 0.88
Medications
ACE-I (%) 64.6 65.8 0.71 63.9 64.6 0.81
ARB (%) 8.6 85 0.91 19.8 18.6 0.58
Calcium channel blocker (%) 26.1 27.6 0.60 325 37.2 0.07
Beta blockers (%) 73.7 71.7 0.47 74.7 712 0.15
Diuretics (%) 28.1 29.5 0.61 46.0 46.4 0.86
Statin (%) 72.7 72.6 0.96 774 75.8 0.48
Aspirin (%) 88.8 88.4 0.83 879 87.3 0.72
Biguanides (%) 54.6 52.1 0.41 54.4 54.8 0.90
Sulfonylureas (%) 58.6 58.1 0.89 50.8 483 0.36
Insulin (%) 21.8 233 0.56 323 32.0 0.90
Glycated hemoglobin (%) 7.7 (1.6) 7.7 (1.7) 0.61 7.6 (1.6) 7.6 (1.6) 0.84
Low-density lipoprotein (mg/dL) 96.3 (33.7) 97.3 (35.0) 0.62 94.7 (33.9) 96.6 (31.4) 0.30
High-density lipoprotein (mg/dL) 384 (10.1) 39.2 (10.7) 0.20 37.6 (9.9) 37.9 (104) 0.63
Triglyceride (mg/dL) 171.0 (135.2) 170.2 (112.9) 0.91 186.4 (129.8) 191.6 (157.2) 0.52
Estimated GFR (ml/min/1.73 m?) 72.2 (21.5) 73.0 (21.2) 0.55 73.3 (36.6) 70.5 (21.6) 0.09
Urine albumin/creatinine (mg/gCre) 114.2 (491.9) 125.8 (444.9) 0.70 196.6 (729.2) 151.9 (462.6) 0.19
Circulating insulin (IU/mL)“ 9.9(11.0) 8.9(7.9) 0.16 14.5 (13.1) 13.5(10.1) 0.20
Systolic blood pressure (mm Hg) 130.6 (19.4) 130.7 (20.6) 0.96 132.3 (20.1) 132.8 (19.9) 0.64
Diastolic blood pressure (mm Hg) 74.2 (10.9) 74.0 (104) 0.86 74.8 (11.7) 74.9 (11.6) 0.90
Cardiac treatment assignment
Early revascularization (%) 51.0 534 043 47.8 473 0.85

IS, insulin-sensitizing therapy; IP, insulin-providing therapy; TIA, transient ischemic attack; ACE-I, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; GFR,

glomerular filtration rate.

@ Data are presented as number of participants, percentage, or mean (standard deviation).

> Body mass index was calculated as weight in kilograms divided by the square of height in meters.

¢ Circulating insulin levels were evaluated in patients not treated with insulin.

In nonobese patients, the associations between the risk of pri-
mary outcome events and the strategy for glycemic control in the
various subgroups are shown in Fig. 2. The analyses found no signif-
icant interactions between the strategy for glycemic control and the
patients’ age, sex, race, duration of diabetes, HbA1c levels, estimated
glomerular filtration rate, use of insulin, or assignment of cardiac
treatment. Although statistically significant associations were not
observed in all subgroups, these results indicated that the risk of pri-
mary outcome events within these subgroups was higher in the IP
group than in the IS group. In obese patients, no significant associa-
tions were observed between the risk of primary outcome events
and the strategy for glycemic control in the various subgroups (Sup-
plemental Fig. 2).

3.3. Risk of primary outcome events in nonobese and obese type 2 diabetic
patients with CAD

The baseline characteristics of patients with normal weight, over-
weight, and obesity are shown in Supplemental Table 2, and associa-
tions between primary outcome events and the obesity status are
presented in Supplemental Table 3. The risk of primary outcome events
was slightly lower in obese patients than in nonobese patients; there
was no significant difference between the two groups. However, the
risk of primary outcome events was significantly lower in obese patients
than in patients with normal weight (adjusted HR in model 1: 0.64, 95%
Cl: 0.43-0.94, P = 0.02; adjusted HR in model 2: 0.65, 95% CI: 0.43-0.99,
P = 0.04; adjusted HR in model 3: 0.63, 95% CI: 0.41-0.96, P = 0.03).
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A. Nonobese patients

1.00

Event-free survival rate

— IS

1P P=0.04
0‘50 L T T T T
No. at risk 0 2 4 6 Years
1S 510 443 329 76
P 511 419 295 62

B. Obese patients
1.001

Event-free survival rate

— IS

1P P=0.72
0.501 i i i i
No. at risk 2 4 6 Years
1S 657 559 424 101
P 662 556 430 98

Fig. 1. Kaplan-Meier survival curves for primary outcome events in nonobese and obese
patients. Rates of freedom from primary outcome events: IP vs. IS in nonobese (A) and
obese (B) type 2 diabetic patients with coronary artery disease. IP, insulin-providing; IS,
insulin-sensitizing.

4. Discussion

The present study revealed that, in nonobese type 2 diabetic patients
with CAD, the cardiovascular risk was significantly higher in the IP
group than in the IS group. The results were similar even in nonobese
patients without abdominal obesity. No significant interactions were
found between the strategy for glycemic control and nonobese patients’
age, sex, race, diabetes duration, HbA1c levels, estimated glomerular fil-
tration rate, insulin use, and strategy for cardiac treatment. Consistent
with previous studies [7,8], nonobese type 2 diabetic patients with
CAD (particularly those with normal weight) were at higher risk
of cardiovascular events and death compared with obese patients.
Meanwhile, the cardiovascular risk did not differ significantly between
the IP and IS therapies in obese patients.

Current treatment guidelines recommend the administration of
metformin as first-line pharmacological therapy following the diagnosis
of type 2 diabetes, unless contraindicated [11]. Metformin is an effective
and safe therapeutic option [21] and may reduce the long-term risk of
cardiovascular events and death [22]. The UK Prospective Diabetes
Study (UKPDS) demonstrated that intensive glycemic control using
metformin reduces the risk of diabetes-related complications in over-
weight (>120% of ideal body weight) diabetic patients, and is associated
with less weight gain and lower rates of hypoglycemic events than are
insulin and sulfonylureas [21]. However, there is limited evidence on
the effects of antihyperglycemic therapy in nonobese type 2 diabetic
patients. Although obesity is a well-established risk factor for diabetes
and common in type 2 diabetic patients, approximately half of diabetic

patients in the United States are nonobese [1,2]. In China, the mean BMI
levels of diabetic patients are approximately 25 kg/m?, indicating that
approximately half of diabetic patients have normal weight [3]. Thus,
the optimal strategy for glycemic control in nonobese diabetic patients
is essential worldwide. Studies have reported that, following the devel-
opment of diabetes, nonobese patients may be at higher risk of cardio-
vascular events than obese patients [4-6]. Although other studies have
suggested otherwise in diabetic patients without known cardiovascular
disease [9,10], recent evidence indicated that in type 2 diabetic patients
with CAD, those who are nonobese and those with normal weight are at
higher risk of cardiovascular events and death compared with obese pa-
tients [7,8]. The results of the present study are consistent with these
previous findings. However, this does not imply that weight gain in
nonobese type 2 diabetic patients with CAD leads to improved out-
comes. Nonobese type 2 diabetic patients with CAD, for which obesity
is a common risk factor, may have other undetermined and severe risk
factors for cardiovascular events. The present study suggested that IS
therapy may lower the risk of cardiovascular events and death in
nonobese type 2 diabetic patients with CAD compared with IP therapy.
Although the pathophysiological mechanisms involved in this process
remain unknown, the lower weight gain and fewer hypoglycemic
events associated with the IS treatment strategy may result in improved
outcome [12,21]. In addition, the antithrombotic and anti-inflammatory
effects of the IS treatment strategy may lead to a decreased risk of
cardiovascular events and death [23]. Further studies are warranted to
clarify the pathological condition of nonobese type 2 diabetic patients
with CAD and establish the optimal strategy for glycemic control in
such patients.

The present study has several limitations. First, this was a secondary
analysis of the data obtained from the BARI 2D trial. Therefore,
conducting a randomized, controlled trial is necessary to confirm
these results. Second, the number of patients and events of this study
was relatively small, limiting the analysis. Third, nonobese diabetic
patients in the present study had prior history of CAD. Thus, it remains
unknown whether these findings are observed in other nonobese
diabetic patients. In nonobese diabetic patients, those with CAD may
be at the highest risk of cardiovascular events. Hence, the findings of
the present study may contribute to the improvement of outcomes
and management in this subset of patients. Fourth, the present study
was unable to clarify which drugs used in IS therapy exerted benefit in
nonobese diabetic patients. In patients receiving IS therapy, the use of
metformin and thiazolidinedione without metformin at 3 years from
randomization has been shown to be 75.6% and 13.5%, respectively.
Therefore, metformin may also be administered as first-line therapy
for nonobese patients [23]. In addition, the BARI 2D trial did not involve
new diabetic medications such as glucagon-like peptide-1 (GLP-1)
receptor agonists and sodium-glucose co-transporter 2 (SGLT2)
inhibitors. GLP-1 receptor agonists stimulate the release of glucose-
dependent insulin from the pancreatic islets [24] and are effective
in improving glycemic control [25]. In addition, the risk of cardiovascu-
lar events is significantly lower in type 2 diabetic patients treated with
GLP-1 receptor agonists than in those not treated with these agents
[26,27]. SGLT2 inhibitors reduce the levels of blood glucose by increas-
ing urinary glucose excretion [28] and have been shown to improve
glycemic control [29] and cardiovascular outcome [30]. Importantly,
GLP-1 receptor agonists and SGLT2 inhibitors are both associated with
a low risk of hypoglycemia and do not usually cause hypoglycemia in
the absence of therapies that cause hypoglycemia [26,30]. In addition,
GLP-1 receptor agonists and SGLT2 inhibitors are linked to weight loss
[26,30,31]. Recent studies that demonstrated the benefits of the GLP-1
receptor agonists and SGLT2 inhibitors for the prevention of cardiovas-
cular events included many obese type 2 diabetic patients [26,30].
Although the IP and IS therapies in obese patients did not show a signif-
icant difference in cardiovascular outcomes in the present study, the
GLP-1 receptor agonists and SGLT2 inhibitors are expected to lower
the risk of cardiovascular events in obese type 2 diabetic patients
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Hazard ratio (95% confidence interval)

Test for interaction
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Glycated hemoglobin
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Insulin use
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1.26 (0.77-2.05)

Cardiac treatment strategy
Medical therapy (n = 488)
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Fig. 2. Association between the strategy for glycemic control and the risk of primary outcome events in subgroups of nonobese patients.

Table 2
Primary and secondary outcomes in nonobese patients without abdominal obesity.?
Event IS P Pvalue
n=275 n =281

Primary outcome events

No. of patients 48 70

Event rate (per 1000 person-year) 421 64.3

Hazard ratio (95% CI) 1.00 (ref)  1.51 (1.05-2.19) 0.02
Major adverse cardiovascular events

No. of patients 36 59

Event rate (per 1000 person-year) 320 55.0

Hazard ratio (95% CI) 1.00 (ref)  1.70 (1.12-2.57) 0.01
Major cardiac events

No. of patients 31 51

Event rate (per 1000 person-year) 27.2 474

Hazard ratio (95% CI) 1.00 (ref)  1.70 (1.09-2.66) 0.01
Fatal or nonfatal myocardial infarction

No. of patients 28 42

Event rate (per 1000 person-year) 24.6 39.0

Hazard ratio (95% CI) 1.00 (ref)  1.55 (0.96-2.50) 0.07
Fatal or nonfatal stroke

No. of patients 4 8

Event rate (per 1000 person-year) 34 6.7

Hazard ratio (95% CI) 1.00 (ref)  2.01 (0.60-6.67) 0.25
All-cause death

No. of patients 28 34

Event rate (per 1000 person-year) 21.3 25.7

Hazard ratio (95% CI) 1.00 (ref)  1.21 (0.73-2.00) 0.45

Cl, confidence interval; PCI, percutaneous coronary intervention; CABG, coronary artery
bypass graft surgery.
@ Data are presented as number or hazard ratio (95% CI).

with CAD. However, the effect of further reduction of body weight in
nonobese diabetic patients remains unknown. Moreover, recent trials
have been carried out in very high-risk patients with type 2 diabetes,
with a high proportion of obese patients, to increase the hazard rate
for major cardiovascular events and complete the studies in a relatively
short period of time. Because there is limited evidence on cardiovascu-
lar safety or benefits in nonobese diabetic patients, further studies are
warranted to investigate the risk of cardiovascular events and deter-
mine the optimal treatment strategies in nonobese diabetic patients,
particularly those with CAD.

In conclusion, the present study revealed that in type 2 diabetic
patients with CAD, the risk of cardiovascular events and death in
nonobese patients, particularly in patients with normal weight was
equal or higher to those observed in obese patients. In nonobese
patients, the IS treatment strategy was more beneficial than the IP
treatment strategy. Further randomized, controlled trials are required
to determine the optimal strategy for glycemic control in nonobese
diabetic patients.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2019.02.008.
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