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Is Diabetes Mellitus a Risk 
Factor for Poor Outcomes
after Left Ventricular Assist Device Placement?

Diabetes mellitus is associated with adverse outcomes in patients with cardiovascular 
diseases, including heart failure. Left ventricular assist devices (LVADs) are increasingly 
used as life-saving therapy for advanced heart failure. The effects of pre-LVAD diabetes 
on long-term outcomes after LVAD implantation are not well understood. In this study, we 
retrospectively evaluated the effect of existing diabetes on post-LVAD outcomes.

Data on 288 LVAD recipients from 2006 through 2013 were reviewed. Patients were 
stratified in accordance with their histories of diabetes. Baseline demographic, laborato-
ry, hemodynamic, and echocardiographic information before LVAD placement were re-
viewed, together with the post-LVAD incidence of major adverse outcomes. Kaplan-Meier 
analysis and Cox regression analysis were performed.

Our cohort comprised 122 patients with diabetes and 166 patients without. The mean 
glycosylated hemoglobin A1c level in the diabetes group was 7.4% ± 1.6%. Diabetic pa-
tients at baseline had a more adverse medical profile than did nondiabetic patients. There 
were no differences in major outcomes between the 2 groups other than a higher inci-
dence of hemolysis in the diabetes group: 12 (10%) vs 5 (3%); P=0.02. There was no differ-
ence in survival outcomes between the groups.

Diabetic patients did not have worse survival or more adverse outcomes than did 
nondiabetic patients in this study, perhaps because of improved diabetes control, or im-
provement in biochemical derangements after normalization of cardiac output with LVAD 
therapy. A diagnosis of diabetes was an independent predictor of hemolysis. Further stud-
ies to evaluate the link between hemolysis and diabetes are indicated. (Tex Heart Inst J 
2017;44(2):115-9)

D iabetes mellitus (DM) is a major risk factor for cardiovascular diseases and is 
associated with coronary artery disease, strokes, peripheral artery disease, car-
diomyopathy, and congestive heart failure (CHF).1 The association between 

DM and CHF has been well established by the Framingham data, which indicated 
that DM leads to an estimated 2.4-fold increase in CHF incidence in men, and up 
to a 5-fold increase in women.2 The incidence of CHF is increasing in today’s aging 
population and is projected to reach 772,000 new cases by the year 2040.3-5 Diabetes 
is also a well-known and independent risk factor for CHF morbidity and death.6-8 A 
1% increase in glycosylated hemoglobin A1c (HbA1c) is associated with an 8% increase 
in the risk of heart-failure development.9

	 Although heart transplantation is considered a gold-standard treatment for ad-
vanced-heart-failure patients, DM, even in the absence of end-organ damage, is a 
relative contraindication to heart transplantation.10 Because of the paucity of available 
hearts for transplantation, left ventricular assist devices (LVADs) are increasingly being 
used as a bridge to transplantation or as destination therapy in advanced-heart-failure 
patients.11-13 The effects of pre-LVAD diagnoses of DM on the outcomes of diabetic 
patients are not well understood.14 Therefore, we investigated outcomes after LVAD 
implantation, in both diabetic and nondiabetic patients. We hypothesized that DM 
patients, as conventionally depicted, would have worse outcomes after LVAD implan-
tation than would non-DM patients.

Patients and Methods

This retrospective, institutional-review-board-approved study included 288 consecu-
tive patients who underwent LVAD placement from 2006 through 2013 at Advo-
cate Christ Medical Center, Oak Lawn, Illinois. Of these, 244 had a HeartMate 
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II® LVAD (Thoratec, part of St. Jude Medical, Inc.; 
Pleasanton, Calif ) and 44 had a HeartWare HVAD® 
(HeartWare, Inc.; Framingham, Mass). Patients were 
stratif ied in accordance with the presence or absence 
of DM. Diabetes mellitus was defined as a preexisting 
history of DM on chart review, or on the patient’s use 
of insulin or oral hypoglycemic medications, or on the 
patient’s new diagnosis of DM on the basis of a labora-
tory value of HbA1c >7%.
	 Demographic information—including sex, race, body 
mass index, height, and weight—was obtained through 
retrospective chart review. Baseline medical informa-
tion at the time of LVAD placement was tabulated. 
These data included cardiac risk factors, prior cardiac 
history, and hemodynamic and echocardiographic data 
on admission. Pre-LVAD laboratory values, including 
HbA1c, were collected. Information on post-LVAD 
HbA1c and major adverse outcomes—including death, 
heart failure, hospitalizations, gastrointestinal bleeding, 
stroke/transient ischemic attack, intracranial hemor-
rhage, hemolysis, thrombosis, pump exchanges, infec-
tions, and postoperative right ventricular failure—were 
obtained.
	 For the purposes of the study, hemolysis was defined 
as a lactate dehydrogenase (LDH) level >650 U/L, or as 
clinically substantial hemolysis resulting in hospitaliza-
tion.

Statistical Analysis
Data were analyzed with use of SPSS 19 (IBM Cor-
poration; Endicott, NY). Continuous variables were 
summarized as mean ± SD. Student t tests were used to 
evaluate differences in continuous variables. Categorical 
variables were displayed as percentages and were com-
pared by means of c2 testing. Kaplan-Meier survival 
analysis was performed. Binary logistic regression and 
Cox survival analysis were performed as well. A P value 
<0.05 was considered statistically significant.

Results

The mean durations of follow-up were 1,132 ± 878 
days for the DM group and 1,143 ± 875 days for the 
non-DM control group. The diabetic patients were, 
on average, older than the nondiabetic patients (mean 
age, 62 ± 11 vs 59 ± 14 yr; P=0.03) and were more 
obese (body mass index, 29.8 ± 6 vs 26.6 ± 6 kg/m2; P 
<0.001). The diabetic patients had more comorbidities, 
such as atrial f ibrillation (48% vs 33%; P=0.01) and 
obstructive sleep apnea (30% vs 14%; P=0.001) (Table 
I). There were no differences between the 2 populations 
in baseline laboratory data (Table II), although the DM 
group had an elevated mean creatinine level and a lower 
mean B-type natriuretic peptide level (1.5 vs 1.34 mg/
dL; P=0.001; and 607 vs 961 pg/dL; P=0.008). The 

TABLE I. Baseline Data in the 2 Groups

	 Diabetic	 Nondiabetic 
	 Group	 Group	  
           Variable	 (n=122)	 (n=166)	 P Value

Age (yr)	 62 ± 11	 59 ± 14	 0.03

Male	 100 (82)	 125 (75)	 0.2

Weight (kg)	 92 ± 22	 81 ± 20	 <0.001

Body mass index (kg/m2)	 29.8 ± 6	 26.6 ± 6	 <0.001

Caucasian	 70 (57)	 83 (50)	 0.13

Ischemic HF	 72 (59)	 86 (52)	 0.14

Atrial fibrillation	 58 (48)	 54 (33)	 0.01

Obstructive sleep apnea	 37 (30)	 23 (14)	 0.001

Hypertension	 84 (69)	 101 (61)	 0.16

Ventricular tachycardia	 31 (25)	 46 (28)	 0.66

COPD	 15 (12)	 31 (19)	 0.14

Chronic kidney disease	 78 (64)	 94 (57)	 0.21

Cerebrovascular accident	 25 (20)	 27 (16)	 0.36
 
COPD = chronic obstructive pulmonary disease; HF = heart 
failure 
 

Data are presented as mean ± SD or as number and percentage. 
P <0.05 was considered statistically significant.

TABLE II. Baseline Laboratory, Hemodynamic, and  
Echocardiographic Values in the 2 Groups

	 Diabetic	 Nondiabetic	  
	 Group	 Group	  
       Variable	 (n=122)	 (n=166)	 P Value

Sodium (mg/dL)	 134 ± 4	 135 ± 3	 0.17

Creatinine (mg/dL)	 1.50 ± 0.46	 1.34 ± 0.45	 0.001

Blood urea nitrogen	 28 ± 17	 24 ± 13	 0.02 
(mg/dL)

B-type natriuretic	 607 ± 600	 961 ± 1,053	 0.008 
peptide (pg/mL)

Albumin (g/dL)	 3 ± 0.46	 3 ± 0.47	 0.93

Hematocrit (%)	 34.4 ± 5.3	 34.3 ± 4.9	 0.88

Total bilirubin (mg/dL)	 1.09 ± 0.9	 1.17 ± 0.97	 0.45

LV end-diastolic	 68 ± 10	 70 ± 10	 0.24 
diameter (mm)

LV ejection fraction	 0.19 ± 0.07	 0.19 ± 0.07	 0.33

Central venous	 12 ± 6	 11 ± 5	 0.16 
pressure (mmHg)

PCWP (mmHg)	 23 ± 8	 22 ± 8	 0.3

Arterial pressure	 80 ± 12	 78 ± 11	 0.052 
(mmHg)

Cardiac index (L/min/m2)	 2.31 ± 0.73	 2.27 ± 0.72	 0.66
 
LV = left ventricular; PCWP = pulmonary capillary wedge 
pressure 
 

Data are presented as mean ± SD. P <0.05 was considered 
statistically significant.
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mean pre-implantation HbA1c level in the DM patients 
was 7.4% ± 1.6%.
	 Outcomes. Post-LVAD outcomes analysis yielded 
no signif icant differences in adverse events between 
the groups (Table III). The incidence of post-LVAD 
hemolysis was higher in the DM group (10% vs 3%; 
P=0.02). Despite this increase in hemolysis, a cor-
responding statistically signif icant increase in pump 
exchanges was not seen (Table III). Kaplan-Meier sur-
vival analysis revealed no differences in all-cause death 
between the groups (1,326 vs 1,551 d; log rank P=0.71). 
The post-implantation HbA1c level was signif icantly 
better than that before implantation (6.2% ± 1.2% vs 
7.4% ± 1.6%; P <0.001).
	 Obesity Paradox. Because our diabetic group was 
mainly obese (mean body mass index, 29.8 ± 6 kg/m2), 
we entertained the possibility of an obesity paradox 
contributing to lack of survival differences between the 
2 groups. Our analysis revealed no difference in out-
comes within the diabetic group stratif ied by a body 
mass index cutoff of 30 kg/m2 (Table IV).
	 Adjustments for Covariates. Because of the statisti-
cally significant differences between the groups in age, 
body mass index, renal function, and atrial f ibrilla-
tion, we performed a binary logistic regression for 
hemolysis, controlling for the above-listed covariates. 
The analysis revealed that DM was an independent 
predictor for hemolysis (odds ratio=4.77; 95% con-
fidence interval [CI], 1.4–16.2; P=0.01). Similarly, a 
Cox regression analysis was performed to control for 
the above covariates and to evaluate survival function. 
The analysis did not reveal DM as a predictor of poor 
survival in these patients (hazard ratio=0.99; 95% CI, 
0.65–1.6; P=0.97) (Fig. 1).

Discussion

Diabetes mellitus is often considered an adverse risk fac-
tor for heart disease. Evidence suggests that diabetic pa-
tients with heart disease have a more adverse prognosis 
than do nondiabetic patients.14,15 Such an evaluation is 

TABLE III. Adverse Outcomes in the 2 Groups

	 Diabetic	 Nondiabetic	  
	 Group	 Group 
      Variable	 (n=122)	 (n=166)	 P Value

Gastrointestinal bleeding	 31 (25)	 40 (24)	 0.83

Heart failure	 26 (21)	 31 (19)	 0.6

Intracerebral hemorrhage	 7 (6)	 6 (4)	 0.4

Stroke	 19 (16)	 15 (9)	 0.84

Hemolysis	 12 (10)	 5 (3)	 0.02

LVAD infection	 38 (31)	 51 (31)	 0.98

Pump exchange	 15 (12)	 27 (16)	 0.35

Early RV failure	 40 (33)	 49 (30)	 0.55
 
LVAD = left ventricular assist device; RV = right ventricular 
 

Data are presented as number and percentage. P <0.05 was 
considered statistically significant.

Fig. 1  Graph illustrates Cox survival analysis after controlling 
for age, body mass index, renal function, and atrial fibrillation. 
It shows no statistically significant difference between survival 
outcomes in diabetic and nondiabetic patients.  
 

P <0.05 was considered statistically significant. 
 

CI = confidence interval; HR = hazard ratio
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HR, 0.99; 95% CI, 0.65–1.6; P=0.97

TABLE IV. Evaluation of the Obesity Paradox in the  
Diabetic Population

	 BMI	 BMI	  
	 ≤30 kg/m2	 >30 kg/m2 
          Variable	 (n=71)	 (n=51)	 P Value

Gastrointestinal bleeding	 19 (27)	 12 (24)	 0.689

Heart failure	 5 (7)	 7 (14)	 0.218

Intracerebral hemorrhage	 13 (18)	 13 (25)	 0.39

Stroke	 11 (15)	 8 (16)	 0.972

Hemolysis	 5 (7)	 7 (14)	 0.218

LVAD infection	 21 (30)	 17 (33)	 0.647

Pump exchange	 7 (10)	 8 (16)	 0.334

Early RV failure	 24 (34)	 16 (31)	 0.778
 
BMI = body mass index; LVAD = left ventricular assist device; 
RV = right ventricular 
 

Data are presented as number and percentage. P <0.05 was 
considered statistically significant.
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lacking in patients who undergo LVAD therapy. Dia-
betic patients with advanced heart failure that neces-
sitates LVAD implantation are conventionally thought 
to be at a higher risk of adverse outcomes—associated 
mainly with a more aggressive disease phenotype, in-
creased comorbidities, increased risk of postoperative in-
fections, and poor outcomes and survival prospects.16-18

	 In our study, we have shown that diabetic patients, 
despite having an unfavorable baseline medical profile, 
did not have significantly adverse post-LVAD outcomes 
in comparison with nondiabetic patients. These find-
ings are intriguing and contrary to traditional think-
ing. Although DM patients are often thought to be at 
increased risk of infection, an increase in post-LVAD 
occurrence of infection was not seen in our group.16 
In addition, the incidence of stroke, which is typically 
higher in DM patients, was nonsignif icant between 
groups.19,20 Similar results were noted for ventricular and 
atrial arrhythmias.
	 Diabetic patients with CHF are also thought to have 
poorer event-free survival prospects than do non-DM 
patients. In the Studies of Left Ventricular Dysfunc-
tion (SOLVD) trial, the authors concluded that pa-
tients with DM had higher all-cause, cardiovascular, 
and pump-failure mortality rates.15 Similarly, Bertoni 
and colleagues8 showed that DM patients with CHF 
had a mortality rate of almost 33% at one year, and 
an age-, sex-, and race-adjusted hazard ratio of 9.5. Al-
though survival analysis in advanced-heart-failure DM 
patients with LVADs is lacking, our analysis indicated 
that there was no difference in survival between DM 
and non-DM groups. Cox regression survival analysis 
controlling for possible confounders also did not reveal 
any difference between the 2 groups (Fig. 1).
	 Our DM group had a higher incidence of hemolysis. 
However, our binary logistic regression model control-
ling for age, body mass index, atrial f ibrillation, and 
chronic kidney disease indicated that DM was an in-
dependent risk factor for hemolysis. Hemolysis tends to 
be higher in continuous-flow LVAD patients because of 
increased shear stress exposure on erythrocytes. Despite 
the above-noted increase in hemolysis, no correspond-
ing increase in pump exchanges was noted between the 
2 groups. The phenomenon of increased red-blood-cell 
fragility secondary to hyperglycemia has been reported 
previously.19 This is thought to result from glucose-in-
duced membrane lipid peroxidation, which can lead to 
increased osmotic fragility in erythrocytes.20 It might 
be possible that such increased fragility of the red blood 
cell membranes and LVAD shear contributed to higher 
hemolysis in our study group. However, these f ind-
ings might be happenstance. In addition, the low ab-
solute incidence of hemolysis in both the study and 
control groups might have confounded our findings.
	 Our DM patients showed signif icant improvement 
in HbA1c levels on follow-up testing (7.4% ± 1.6% vs 

6.2% ± 1.2%; P <0.001). Such improvement might 
be because of increased access to DM care after LVAD 
placement. In addition, as previously reported, LVAD 
therapy itself improves glycemic control, possibly be-
cause of decreased pancreatic congestion, normalization 
of biochemical derangements that result from depressed 
cardiac output, and improved circulation of insulin.21-24 
Finally, a multidisciplinary team approach to LVAD 
patients, including dietary consultation, might lead to 
improved glycemic control.21 It is possible that such ag-
gressive treatment resulted in a lack of signif icant dif-
ferences in outcomes and survival between DM and 
non-DM groups. Further research is needed to confirm 
these findings.
	 Last, because many of our DM patients were obese, 
we explored the possibility of an obesity paradox in our 
group. The obesity paradox is a poorly understood but 
well-reported phenomenon in which obese CHF patients 
have better survival rates than nonobese patients.25,26 We 
postulated, as previously reported, that the obesity para-
dox could have improved survival in our DM group. 
Our analysis failed to show any major difference be-
tween the obese and nonobese DM patients, eliminating 
any obesity-related confounders. Review of our data in-
dicates that obese DM patients have significantly lower 
B-type natriuretic peptide levels than do nonobese DM 
patients (425 vs 737 pg/mL; P=0.006). In addition, it 
remains unclear whether the obesity paradox applies to 
our advanced-heart-failure diabetic patients who had 
received an LVAD. Further investigation into the pos-
sibility of such a link is indicated.

Limitations
This retrospective study was subject to inherent limita-
tions. The sample size was small. Patient information 
was collected by means of chart review, which carries 
the potential of incomplete clinical records. Despite 
these limitations, we think that this study has impor-
tant clinical implications for diabetic patients who are 
under consideration for LVAD implantation.

Conclusion
Although DM is a risk factor for poor cardiovascu-
lar outcomes, LVAD implantation may proceed in 
diabetic advanced-heart-failure patients without an in-
creased risk of adverse events or worsened prospects for 
survival. A diagnosis of DM should not be used as a 
contraindication for advanced therapies. Diabetes is an 
independent predictor of post-LVAD hemolysis, but it 
does not appear to be associated with increased pump 
thrombosis or the need for pump exchange.
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