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ORIGINAL INVESTIGATION

Diabetes is an independent predictor 
of right ventricular dysfunction post 
ST‑elevation myocardial infarction
Idan Roifman1*, Nilesh Ghugre1,2,3, Mohammad I. Zia1, Michael E. Farkouh4,5, Anna Zavodni1, 
Graham A. Wright1,2,3 and Kim A. Connelly1,5

Abstract 

Background:  Diabetes mellitus (DM) is estimated to become the 7th leading cause of death by 2030. Right ven-
tricular dysfunction (RVD) complicating ST elevation myocardial infarction (STEMI) is independently associated with a 
higher mortality; however the relationship between DM and RVD is currently unknown. The purpose of this study was 
to determine whether DM is an independent predictor for the presence of right ventricular dysfunction (RVD) post 
STEMI.

Methods:  106 patients post primary PCI for STEMI were enrolled in the study. Cardiac MRI was performed within 
48–72 h after admission in order to assess ventricular function. Statistical analysis consisted initially of descriptive sta-
tistics including Chi square, Fisher’s exact, or the Wilcoxon rank sum as appropriate. Subsequently, logistic regression 
analysis was performed to determine independent predictors of RVD.

Results:  The median age in the study was 58 years (IQR 53, 67). 30 % of the patients had diabetes. Of 99 patients for 
which RV data was available, 40 had RVD and 59 did not. Patients with DM were significantly more likely to have RVD 
when compared to those without diabetes (45 vs 22 %, p = 0.03). There was no significant difference in age, hyper-
tension, smoking status, dyslipidemia, serum creatinine or peak CK levels between the two groups. After adjusting for 
other factors, presence of DM remained an independent predictor for the presence of RV dysfunction (OR 2.78, 95 % 
CI 1.12, 6.87, p = 0.03). Amongst diabetic patients, those with HbA1C ≥ 7 % had greater odds of having RVD vs those 
with HbA1C < 7 % (OR 5.58 (1.20, 25.78), p = 0.02).

Conclusions:  The presence of DM conferred an approximately threefold greater odds of being associated with RVD 
post STEMI. No other major cardiovascular risk factors were independently associated with the presence of RVD.

Keywords:  Diabetes mellitus, Right ventricular dysfunction, ST elevation myocardial infarction, Cardiovascular 
magnetic imaging resonance
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Background
Diabetes mellitus (DM) is major public health problem. 
The world health organization estimates that by 2030, 
347 million people will be affected worldwide and it will 
be the seventh leading cause of death [1]. A major reason 
for the increased mortality is via the presence of coronary 

artery disease (CAD) [2–5]. Right ventricular myocardial 
infarction (RVMI) and subsequent dysfunction (RVD) are 
associated with a poor prognosis that is independent of 
left ventricular (LV) dysfunction [6]. Despite its clinical 
importance, little is currently known regarding the clini-
cal predictors of right ventricular dysfunction post myo-
cardial infarction (MI). Further, whether or not DM is a 
predictor for the presence of RVD is currently unknown. 
On one hand DM is a major cardiovascular risk fac-
tor and may predispose to more post-MI complications 
such as RVD. Further, evidence from studies examining 
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diabetic cardiomyopathy suggest an extensive involve-
ment of the microvasculature in the presence of this 
entity [7]. The right ventricle, being extensively perfused 
by the microvasculature [8, 9], may be more prone to 
microvascular injury. On the other hand, more extensive 
collateralization [10–13] in patients with DM may con-
fer a relative protective effect. Thus, the purpose of this 
study is both to explore clinical predictors of RVD post 
MI and to determine if DM is an independent predictor 
for its presence. We hypothesized that the presence of 
diabetes would be an independent predictor for the pres-
ence of RVD post STEMI.

Methods
Patient population and data sources
Data was collected from 106 consecutive patients post 
STEMI who were prospectively enrolled in this study at 
Sunnybrook Health Sciences Centre between the years 
2009–2013. Each patient had a research cardiac magnetic 
resonance (CMR) scan within 48–72  h of admission. 
The only inclusion criterion for this study was presen-
tation with a STEMI. Exclusion criteria included pres-
ence of hemodynamic instability, requirement for urgent 
coronary artery bypass grafting, severe kidney disease as 
defined by an estimated glomerular filtration rate (eGFR) 
of <30 mL/min and failure to provide informed consent 
to participate in the study. All patients were successfully 
revascularized via primary percutaneous coronary inter-
vention (including the deployment of coronary stents) 
and received current standard of care medications [14, 
15]. This study was approved by the research ethics board 
of Sunnybrook Health Sciences Centre.

CMR protocol
Cardiac MR acquisition protocol
Each patient was scanned at 48–72 h post primary PCI. 
All studies were performed on a GE 1.5 Tesla MR scan-
ner (Signa Twinspeed HDx; GE Healthcare, Waukesha, 
WI) using an 8-channel receiver coil. RV function was 
determined using contiguous short axis slices covering 
the left and right ventricle acquired with a standard SSFP 
(FIESTA) sequence with the following parameters: echo 
time 1.6 ms, flip angle 45°, acquisition matrix 256 × 192, 
bandwidth 125 kHz, and 20 cardiac phases per slice.

Cardiac MR image analysis
CVI-42 version 4.1.8 software (Circle Cardiovascular 
Imaging, Calgary, Alberta, Canada) was used to contour 
the left and right ventricles and derive volumes and ejec-
tion fractions. Studies were contoured by a level 3 Society 
for Cardiovascular Magnetic Resonance (SCMR) trained 
physician according to the most recent guideline recom-
mendations [16]. Specifically, the endocardial contours 

of the left and right ventricle were manually traced at 
end-diastole and end-systole in all cine studies. For the 
right ventricle, the pulmonary valve was visualized and 
contours were included up to but not above this level. 
Trabeculations of the right ventricle were ignored and a 
smooth endocardial border was drawn for each slice (see 
Fig.  1). LV and RV stroke volumes were within 10  % of 
each other in the studies thus providing confirmation of 
our results (given that none of the patients had signifi-
cant intra or extra-cardiac shunts).

Predictors and outcome
The outcome of interest was presence or absence of RVD 
post STEMI. RVD was defined as RVEF <50 % [17–20]. 
The key predictor of interest was presence or absence 
of DM. DM status was determined via a combination of 
patient interview, chart review and assessment of hemo-
globin A1c at the time of presentation with STEMI. The 
following co-variates were included in the study based 
on the fact that they have been shown to be predictors 
for the presence of CAD and MI: age, hypertension, prior 
MI, smoking status, hyperlipidemia status, peak creatine 
kinase (CK) levels and serum creatinine [21–23].

We first performed statistical analyses assessing the 
relationship between the predictors and the outcome. 
For categorical variables, 2 × 2 contingency tables were 
constructed. Subsequently, the Chi square test of asso-
ciation was used to compare predictors across the out-
comes of interest. Where small numbers of sub-groups 
existed, Fisher’s exact test was utilized. Normally distrib-
uted continuous variables were compared using t-tests. 
Non-normally distributed continuous variables were 
compared with the Wilcoxon rank sum test. Normal-
ity of distribution was assessed using the Shapiro–Wilk 
test. Additionally, similar statistical analyses were used 
to compare characteristics of patients with and without 
diabetes. A logistic regression analysis was performed 
in order to examine if DM is an independent predictor 
for the presence of an RVMI after adjusting for co-var-
iates. Prior to performing the logistic regression analy-
ses, all predictor variables were assessed for the presence 
of multicollinearity using variance inflation factor and 
tolerance. LVEF was not included in the logistic regres-
sion models because it was found to be significantly co-
linear with peak CK. A screening strategy for variable 
selection was selected utilizing a conservative p value 
of ≤0.25 to identify covariates to be used in the logistic 
regression model. Furthermore, we performed a sub-
group analysis for those with HbA1C < 7 vs ≥7. HbA1C 
was determined by venous sampling and was performed 
based on clinical suspicion for the presence of diabetes. 
We also performed a sensitivity analysis using an RVEF 
cut-off value of 47 % for normality (as advocated by some 
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investigators) [9]. All statistical analyses were done with 
SAS version 9.3 (Cary, North Carolina). Statistical signifi-
cance was defined as a two-tailed p value of <0.05.

Results
Descriptive statistics
Table  1 displays the characteristics of the entire patient 
population consisting of 106 patients. Median age in the 
sample was 58  years (IQR 53, 67). Most patients were 
male (88.7  %). 51.8  % on the infarcts involved the left 
anterior descending (LAD) as the culprit vessel, 27.3  % 
the right coronary artery (RCA) and 17.9 % the left cir-
cumflex (LCx). 30.2 % of the patients had DM. In terms 
of other major cardiovascular risk factors, 44.3  % had 
hypertension, 41.9  % were active smokers and 32.1  % 
had dyslipidemia. The mean LVEF was 43.5 % and mean 
RVEF was 51.8  %. Seven patients were excluded due to 
poor visualization of the right ventricular endocardial 
contours on SSFP imaging. Table  2 displays the charac-
teristics of the 99 patients who had diagnostic RV images 
for the determination of RVEF. These patient character-
istics are similar to those of the original population of 
106 patients. Table  3 displays characteristics of patients 
with and without diabetes mellitus. Of note, patients 
with diabetes were significantly more likely to have previ-
ous PCI (p = 0.03) and dyslipidemia (p = 0.001). There 
was a trend towards lower LVEF in diabetic patients 
(41.4 ± 7.8 % vs 44.3 ± 7.9 % in patients without diabetes, 

p = 0.09). There were no significant differences between 
the two groups in terms of other major cardiovascular 
risk factors, location of culprit vessel, presence of multi-
vessel CAD or post PCI TIMI flow.

Table  4 compares patient characteristics between the 
RVD and the non RVD group. Out of the 99 patients, 40 
had RVD and 59 did not. The mean RVEF for patients 
with RVD was 42.8 ±  5.1  % vs 57.9 ±  5.2  % for those 
without RVD (p < 0.001).

There was no significant difference between the 
RVD and the no RVD groups in terms of median age 
(58 vs 58  years, p =  0.71), female sex (8.5 vs 12.5  %, 
p = 0.52), hypertension (40 vs 47.5 %, p = 0.46), cur-
rent smoking status (43.6 vs 42.4  %, p  =  0.64) and 
serum creatinine (78 vs 78 umol/l, p  =  0.75). Fur-
ther, there was no significant difference between the 
two groups in terms of LVEF, culprit vessel location, 
presence of multi-vessel CAD or post PCI TIMI flow. 
The presence of the key predictor, DM, was found 
to be associated with a significantly higher percent-
age of patients with RVD (45 vs 22 %, p = 0.03). Peak 
CK (1666.5 standard units/l, vs 2096 standard units/l, 
p  =  0.25) and the presence of a previous MI (10 vs 
1.7 %, p = 0.15) showed a trend towards a significant 
difference between the two groups. There was no sig-
nificant difference in terms of infarct territory, pres-
ence of multi-vessel coronary artery disease and LVEF 
between the two groups.

Fig. 1  Example of the contouring of the left (red) and right (yellow) ventricular endocardium in one of the patients in our study during end-diastole 
(a) and end systole (b)
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Logistic regression analyses
Table  5 displays the results of our logistic regression 
model. In this model, DM, presence of prior MI and Peak 
CK were included as predictors. DM remained a pre-
dictor for the presence of RVD after adjusting for other 
co-variates (p = 0.03). Further, the presence of DM was 
associated with an approximately threefold greater odds 
of RVD post STEMI (OR 2.78, 95  % CI 1.12, 6.87). No 
other predictor variables were independently associated 
with the presence of RVD in our cohort. The subgroup 
of diabetic patients with a HbAIC ≥7 % had an approxi-
mately fivefold greater odds of being associated with 
RVD (OR 5.58 (1.20, 25.78), p  =  0.02). Our sensitivity 
analysis utilizing an RVEF cutoff of 47 % did not result in 
a significant change in our point estimate (OR 2.46 (95 % 
CI 1.02, 6.05)) (See Appendices 1, 2 for full results of the 
sensitivity analyses).

Discussion
32 (30.2 %) patients in our cohort had diabetes. With the 
exception of previous PCI and dyslipidemia, there were 
no significant differences between patients with and 
without diabetes in our cohort with regards to other car-
diovascular risk factors, multi-vessel CAD or TIMI flow 

post PCI. Our results indicate that DM is an independent 
predictor for the presence of RVD post STEMI, confer-
ring an approximate threefold greater odds of its pres-
ence. These results were robust across two definitions of 
RVD. Furthermore, higher levels of HbA1C were associ-
ated with a greater odds of the presence of RVD when 
compared to lower levels.

Emerging evidence suggests that the RV is an inde-
pendent entity and its function is not necessarily depend-
ent on left ventricular function. This has been highlighted 
by results of a number of recent studies that assessed 
ventricular function by CMR. Masci et  al. performed 
CMR scanning on 242 consecutive patients post pri-
mary PCI for acute STEMI. They found that there was 
no significant difference in the mean LVEF between 
the group with (52 ± 9 %) and without (51 % ± 11) RV 
injury (p  =  0.44) [24]. Similarly, Grothoff et  al., stud-
ies 450 patients 1–4  days after primary PCI in STEMI. 
They also found that there was no significant difference 
in LVEF between the group with (48 ± 9 %) and without 
(50 ± 10 %) RV dysfunction [25]. These finding are con-
sistent with our results showing no significant differences 
in LVEF between the RVD and the no RVD groups.

Table 1  Characteristics of the patient population

Continuous variables that are not normally distributed are reported as median 
(IQR)

Continuous variables that are normally distributes are reported as mean 
(standard deviation)

Categorical variables are reported as frequencies and percentages

Total n = 106

Age in years (median, IQR) 58 (53, 67)

Female, n (%) 12 (11.3)

Culprit vessel (%)

 LAD 58 (51.8)

 LCx 19 (17.9)

 RCA 29 (27.3)

Previous MI, n (%) 5 (4.7)

Diabetes, n (%) 32 (30.2)

Hypertension, n (%) 47 (44.3)

Smoking, n (%) 44 (41.9)

Dyslipidemia, n (%) 34 (32.1)

Previous PCI, n (%) 3 (2.8)

Previous CABG, n (%) 1 (0.9)

Serum creatinine in umol/l (median, IQR) 78 (67, 93)

Peak CK in standard units/l (median, IQR) 1788 (986, 2767)

LVEF, mean (SD) 43.45 (8.0) %

RVEF, mean (SD) 51.77 (9.1) %

RVD 40 (40.4)

Multi-vessel CAD 61 (57.6)

TIMI ≥2 105 (99.1)

Table 2  Characteristics of the patient population who had 
diagnostic RV images for determination of RVEF

Continuous variables that are not normally distributed are reported as median 
(IQR)

Continuous variables that are normally distributes are reported as mean 
(standard deviation)

Categorical variables are reported as frequencies and percentages

Total n = 99

 Age in years (median, IQR) 58 (52, 67)

 Female, n (%) 10 (10)

Culprit vessel (%)

 LAD 52

 LCx 19

 RCA 28

Previous MI, n (%) 5 (5)

Diabetes, n (%) 31 (31)

Hypertension, n (%) 44 (44)

Smoking, n (%) 42 (42)

Dyslipidemia, n (%) 32 (32)

Previous PCI, n (%) 3 (3)

Previous CABG, n (%) 1 (1)

Serum creatinine in umol/l (median, IQR)

Peak CK in standard units/l (median, IQR) 1815 (905, 2774)

LVEF, mean (SD) 43.26 (8.2)

RVEF, mean (SD) 51.77 (9.1)

RVD 40 (40)

Multi-vessel CAD (%) 57 (57)

TIMI ≥ 2 98 (98)



Page 5 of 9Roifman et al. Cardiovasc Diabetol  (2016) 15:34 

Right ventricular dysfunction has been shown to be 
an important predictor of cardiac events and mortality 
in multiple cardiac disease states. For example, a recent 
study reported that the presence of RVD, as measured 
by CMR derived RVEF, was an independent predictor of 
major adverse cardiac events in patients with heart failure 
with preserved ejection fraction [26]. Furthermore, RVD 
has been shown to be associated with increased morbid-
ity and mortality post STEMI [8, 27–29]. Zehender et al. 
reported a higher incidence of major in-hospital compli-
cations in patients with right ventricular infarction vs. 
those without (64 vs 28 %, p < 0.001). Logistic-regression 
analysis showed that right ventricular infarction was an 
independent predictor of mortality (relative risk 7.7, 95 % 
CI (2.6–23)) [27]. Jacobs et al., in an analysis of patients 
in the SHOCK registry reported that in-hospital mortal-
ity was surprisingly not significantly different between 
those with predominantly right and left ventricular shock 
(53.1 vs 60.8 % respectively (p = 0.296)). Mehta et al. per-
formed a meta-analysis of six studies (n =  1198) which 
demonstrated that RVD was associated with an increased 
risk of ventricular tachycardia or fibrillation (OR 2.7, 
95  % CI 2.1–3.5), shock (OR 3.2, 95  % CI 2.4–3.5), and 
all-cause mortality (odds ratio [OR] 3.2, 95 % confidence 
interval [CI] 2.4–4.1) [28]. Cardiac magnetic resonance 
imaging is considered the reference standard for the 
assessment of right ventricular function [30–33]. RVD as 
measured by CMR has been shown to be an independ-
ent predictor of mortality. Larose et  al., were the first 
group to show that RVD post STEMI as assessed by CMR 
was an independent predictor of mortality conferring an 
adjusted hazard ratio of 2.86 (p =  0.03) [31]. Recently, 
RVD as assessed early post STEMI was also reported to 
be an independent predictor of mortality [30]. Despite 
the clear prognostic importance of right ventricular 
infarction and dysfunction there have been no studies, 
to our knowledge, that have assessed the clinical pre-
dictors of right ventricular dysfunction post STEMI as 
determined by CMR. Anavekar et  al. assessed RV func-
tion using echocardiographically determined fractional 

Table 3  Characteristics of  patients with  and without  dia-
betes mellitus

Total n = 106

DM (n = 32) No DM (n = 74) p value

Age in years (median, IQR) 59 (54, 67) 58 (53, 66) 0.84

Female sex (%) 2 (6.3) 10 (13.5) 0.34

Previous MI (%) 3 (9.4) 2 (2.7) 0.14

Previous PCI (%) 3 (9.4) 0 (0) 0.03

Previous CABG (%) 0 (0) 1(1.4) 0.99

Hypertension (%) 14 (43.8) 33 (44.6) 0.94

Smoking (%) 16 (50) 28 (38.4) 0.27

Hyperlipidemia (%) 16 (50) 18 (24) 0.001

Serum creatinine in umol/l 
(median, IQR)

75 (64, 94) 78 (61, 78) 0.64

Peak CK in standard units/l 
(median, IQR)

1838 (945, 2731) 1784 (997, 3276) 0.44

LVEF, mean (SD) 41.4 % (7.8) 44.3 % (7.9) 0.08

Culprit vessel (%) 0.19

LAD 16 (50) 42 (56.7)

LCX 9 (28.3) 10 (13.5)

RCA 7 (21.9) 22 (29.7)

Multi-vessel CAD (%) 14 (43.8) 47 (63.5) 0.09

TIMI ≥2 31 (96.9) 74 (100) 0.21

HbA1C (SD) 7.5 (0.8) 5.4 (0.4) <0.001

Table 4  Characteristics of patients with and without RVD

Total n = 99 RVD (n = 40) No RVD (n = 59) p value

Age in years (median, 
IQR)

58 (52, 68) 58 (53, 66) 0.71

Female sex (%) 5 (12.5) 5 (8.5) 0.52

Previous MI (%) 4 (10.0) 1 (1.7) 0.15

Previous PCI (%) 2 (5.0) 1 (1.7) 0.56

Previous CABG (%) 1 (2.5) 0 (0) 0.40

Hypertension (%) 16 (40.0) 28 (47.5) 0.46

Smoking (%) 17 (42.5) 25 (42.3) 0.91

Dyslipidemia (%) 14 (35.0) 18 (30.5) 0.64

Serum creatinine in 
umol/l (median, IQR)

78 (66.50, 88.50) 78 (67, 95) 0.75

Peak CK in standard 
units/l (median, IQR)

1666.5 (815, 2395) 2096 (1103, 2964) 0.25

LVEF, mean (SD) 43.5 (9.1) % 41.5(7.2) % 0.16

Culprit vessel (%) 0.41

LAD 20 (50) 32 (54)

LCX 6 (15) 13 (22)

RCA 14 (35) 14 (24)

Multi-vessel CAD (%) 25 (62.5) 32 (54.2) 0.42

TIMI ≥2 40 (100) 58 (98.3) 0.79

Diabetes (%) 18 (45.0) 13 (22.0) 0.03

Table 5  Adjusted odds ratios of predictor variables for the 
outcome of presence or absence of RVD

df degrees of freedom

Predictor Odds ratio (95 % CI) Test statistic p value

Omnibus Likelihood Ratio 
[x2 (df )]

9.46 (3) 0.02

Prior MI 4.67 (0.46, 47.03) 1.71 0.19

Peak CK in standard units/l 1.0 (0.99, 1.0) 1.39 0.24

Diabetes mellitus 2.78 (1.12, 6.87) 4.88 0.03
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area of change (FAC). Their stated objective was to exam-
ine the relationship between RVD as measured by FAC 
and downstream cardiac outcomes. While they did not 
examine independent predictors of RVD, they did com-
pare baseline characteristics of patients with and without 
RVD. They did not show a significant difference between 
the RVD and non RVD groups with regards to diabetes 
status [34]. Similarly, Zornoff et  al. also aimed to assess 
the relationship between RVD as measured by echo 
derived FAC and downstream clinical outcomes. While 
the focus of the study was also not to determine inde-
pendent predictors of RVD, they did compare baseline 
characteristics between those with and those without it. 
They also found that there was no significant difference 
between the RVD and the no RVD group with respect 
to DM status. Interestingly, there was a trend towards 
a significant difference as 24.1  % of patients with RVD 
had DM vs 17.5 % with no RVD (p = 0.18) [35]. A pos-
sible explanation for the discrepancy between our results 
and those of the two aforementioned papers lies in the 
method of assessing RV function. While some stud-
ies have shown good correlation between the RVEF and 
echo derived FAC [36], others have shown more moder-
ate correlation. For example, one paper reported a cor-
relation co-efficient of 0.34 for agreement between echo 
derived FAC and RVEF as calculated by CMR [37].

Multiple studies have shown that patients with dia-
betes have greater plaque burden and multivessel coro-
nary artery disease [38, 39]. This observation is not new. 
In 1987 the thrombolysis and angioplasty in myocardial 
infarction trial (TAMI) was published. In that study, dia-
betics had a significantly higher incidence of multi-ves-
sel CAD when compared to non-diabetics at the time of 
angiography [39]. More recently, Maffai et  al. assessed 
147 diabetic and 979 non-diabetic male patients who 
underwent coronary computed tomography angiog-
raphy. They founds that patients with diabetes had a 
significantly higher plaque burden including a higher 
proportion of multi-vessel coronary artery disease [38]. 
However, the issue of plaque burden in patients with 
diabetes appears to be more complex then previously 
thought. A recent paper from Duce et al. looked at whole 
body magnetic resonance angiography and determined 
a standardized atheroma score (sas). Those with estab-
lished cardiovascular disease without diabetes a higher 
whole body standardized atheroma score when com-
pared to those with cardiovascular disease and diabetes. 
Further, only the former group was significantly different 
from the sas calculated from normal healthy volunteers. 
The authors were surprised by their results and opined 
that their results may indicate that cardiovascular events 
may occur at a lower atheroma burden in diabetes [40]. 
In our paper, there was no significant difference in terms 

of multi-vessel CAD between diabetics and non-diabet-
ics. We feel that this may be due in part to the exclusion 
criteria for our study. We excluded patients who were 
referred for CABG after their angiogram. This was done 
in order to minimize potential complications during MRI 
scanning in those patients with potentially non-revascu-
larized significant coronary lesions. We speculate that by 
doing so, we excluded many potential patients with dia-
betes who had multi-vessel CAD.

The issue of whether or not patients with diabetes have 
larger infarcts and subsequently lower LVEF is controver-
sial. Alegria et al., reported on 1137 post STEMI patients 
from the CORE trial. They reported that patients with 
diabetes had a slightly lower median LVEF, as measured 
by gated equilibrium nuclear scanning, vs. those patients 
without diabetes (48 vs 51  %, p  =  0.007) [41]. More 
recently and using MRI, Cassidy et  al., reported that 
while some parameters of systolic and diastolic function 
were impaired in patients with diabetes, there was no sig-
nificant difference in LVEF between diabetics and non-
diabetics [42]. Further, Duce et al. reported no significant 
difference in MRI derived LVEF between those patients 
with manifest cardiovascular disease with and without 
diabetes [40]. In synthesizing this data, a reasonable con-
clusion is that there may be some difference between dia-
betics and non-diabetics in terms of LV function in those 
with coronary artery disease including post STEMI. 
However, this difference appears to be small, especially 
in contemporary cohorts receiving current standard of 
care treatment. This is consistent with the findings in our 
study.

Our results indicate that the presence of DM was an 
independent predictor for the presence of RVD post 
STEMI. Interestingly, no other major cardiovascular risk 
factors were independently associated with the pres-
ence of RVD. In the absence of a significant difference in 
multi-vessel macrovascular disease or procedural success 
between the two groups, a possible explanation for this 
may lie in the diabetic microvasculature as well as the 
blood supply to the RV. The physiology of the RV con-
fers relative protection against ischemia when compared 
to the left ventricle. The RV has a dual blood supply, is 
perfused during both systole and diastole, and is heavily 
perfused by microvascular collateral vessels [8, 43, 44]. 
Patients with DM have extensive coronary microvascu-
lar dysfunction and disease [12, 13, 45]. It is possible that 
this predilection for microvascular disease attenuates 
some of the natural protective effects of the RV and pre-
disposes to the presence of RVD post STEMI.

Further, our results indicate that patients with HbA1C 
≥7  % were more likely to develop RVD vs. those with 
HbA1C <7  %. This supports previous work that has 
shown that chronic hyperglycemia is associated with 
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more microvascular dysfunction [11, 12]. It also sup-
ports the idea that the underlying reason for the increase 
in frequency of RVD in our cohort may involve diabetic 
microvascular disease.

These results are important because, if replicated in 
future larger studies, they can help risk stratify patients 
post STEMI with respect to their probability of devel-
oping RVD. Since multiple studies have shown that 
RVD is an important prognostic marker of mortality 
post MI and since patient management is different in 
those with and without right ventricular dysfunction, 
having an ability to stratify post-MI patients according 
to their risk for developing RVD may influence patient 
management.

Future directions
In order to test our hypothesis that microvascular dys-
function is the mechanism underlying the increased like-
lihood of diabetic patients being associated with RVD, 
future studies should directly measure microvascular 
function (for example by BOLD myocardial imaging) and 
assess its relationship with downstream development of 
RVD.

Limitations
This study needs to be interpreted in the context of its 
limitations. First, this is an observational study and 
while we tried to account for all clinically relevant con-
founders in our logistic regression model, there is the 
possibility of potentially clinically meaningful unmeas-
ured confounders that were not incorporated into our 
model. Second, there are different definitions in the lit-
erature for what constitutes RVD. In order to try and 
overcome this, we performed a sensitivity analysis using 
another definition of RVD and found that this did not 
significantly affect our results. Third, the number of 
patients in our study was relatively small. Thus, signifi-
cant differences between the RVD and no RVD groups 
that we may not have detected cannot be fully excluded. 
For example, considering the low number of females, a 
potential effect of gender on the presence of RVD can-
not be ruled out. Fourth, there was no pre-imaging of 
patients and thus we could not comment on diabetes 
being a risk factor in the development of RVD but rather 
only in the presence of it. Finally, a normal HbA1C does 
not preclude diabetes thus potentially confounding our 
results.

Conclusions
Our results indicate that the presence of DM is an inde-
pendent predictor for the presence of right ventricular 

dysfunction post STEMI, conferring an approximately 
3x-fold greater odds of its presence. No other major 
cardiovascular risk factor was associated with the 
presence of RVD post STEMI. These results may help 
to identify patients post STEMI who are at risk for 
the presence of RVD. Further research is required to 
understand the pathophysiology behind the presence 
of RVD so that potential therapeutic strategies can be 
identified.
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Appendix 1
See Table 6.

Table 6  Adjusted odds ratios of predictor variables for the 
outcome of presence or absence of RVD (with RVEF cut-off 
of 47 %)

Predictor Odds ratio (95 % CI) p value

Prior MI 1.10 (0.16, 7.53) 0.92

Peak CK in standard units/l 1.00 (0.99, 1.00) 0.85

Diabetes mellitus 2.46 (1.02, 6.05) 0.04
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Appendix 2
See Table 7.
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