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Abstract

Purpose Taking into account the previously described link

between body weight and diabetes mellitus (DM) in non-

surgical patients, and the understanding that the degree of

intraoperative insulin resistance is a predictor of adverse

clinical outcomes, we investigated the relationship between

body mass index (BMI) and insulin sensitivity during

cardiac surgery.

Methods We prospectively enrolled 400 patients scheduled

for elective cardiac surgery and divided them into groups

based on the presence or absence of type-2 DM. They were

further categorized into four subgroups based on their BMI:

group 1- normal weight, BMI 18.5-24.9 kg�m-2; group 2 -

overweight, BMI 25-29.9 kg�m-2; group 3 - obese, BMI 30-

34.9 kg�m-2; group 4 - morbidly obese, BMI C 35 kg�m-2.

Insulin sensitivity was assessed using the hyperinsulinemic-

normoglycemic clamp technique during surgery. We also

analyzed the association of BMI, quality of postoperative

glycemic control, and postoperative outcomes.

Results A linear negative relationship between BMI and

insulin sensitivity (r = 0.42, P \ 0.001) was observed,

independent of the patients’ diabetic state. There was also

a positive correlation between BMI and postoperative

glycemia (r = 0.30, P \ 0.001) though the relationship

between BMI and major and infectious complication was

not significant (P = 0.56, P = 0.10, respectively).

Conclusions Patient BMI may be used as a simple

predictor of insulin sensitivity during cardiac surgery

and as a predictor of the quality of postoperative glycemic

control. A larger cohort will be necessary to evaluate the

association of BMI, perioperative insulin resistance, and

clinical outcomes.

Résumé

Objectif En tenant compte du lien déjà décrit entre poids

corporel et diabète chez des patients non chirurgicaux et la

notion que le niveau de résistance peropératoire à

l’insuline est un élément prédictif de résultats cliniques

défavorables, nous avons étudié le lien entre l’indice de

masse corporelle (IMC) et la sensibilité à l’insuline au

cours de la chirurgie cardiaque.

Méthodes Nous avons recruté de façon prospective

400 patients devant subir une chirurgie cardiaque

élective et les avons séparés en groupes en fonction de

l’existence ou de l’absence d’un diabète de type 2 (DT2).

En outre, ils ont été également classés en quatre

sous-groupes en fonction de leur IMC : groupe 1 —

poids normal, IMC : 18,5 à 24,9 kg m-2; groupe 2 —

surcharge pondérale, IMC : 25 à 29,9 kg m-2; groupe 3

— obésité, IMC : 30 à 34,9 kg m-2; groupe 4 — obésité

morbide, IMC [ 35 kg m-2. La sensibilité à l’insuline a

été évaluée au moyen de la technique du clamp

hyperinsulinémique-normoglycémique au cours de

l’intervention. Nous avons également analysé l’association

de l’IMC, de la qualité du contrôle glycémique

postopératoire et de l’évolution postopératoire.
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Résultats Une relation linéaire négative entre l’IMC et la

sensibilité à l’insuline (r = 0,42, P\ 0,001) a été

observée, indépendamment du statut de diabète du

patient. Il y a eu aussi une corrélation positive entre

l’IMC et la glycémie postopératoire (r = 0,30, P\ 0,001)

bien que les relations entre l’IMC et les complications

majeures ou infectieuses n’aient pas été significatives

(respectivement, P = 0,56, P = 0,10).

Conclusions L’IMC des patients peut être utilisé comme

simple facteur prédictif de la sensibilité à l’insuline au

cours de la chirurgie cardiaque et comme élément prédictif

de la qualité du contrôle glycémique postopératoire. Une

plus grande cohorte sera nécessaire pour évaluer

l’association entre IMC, résistance à l’insuline

périopératoire et l’évolution clinique.

Obesity is associated with insulin resistance and type-2

diabetes mellitus (DM).1 Other medical conditions linked

with obesity include coronary heart disease, hypertension,

and obstructive sleep apnea.2,3 Although in the context of

surgery the impact of obesity on the cardiovascular and

pulmonary system is particularly relevant,2,3 it remains

unclear whether obesity is an independent risk factor of

morbidity and mortality after cardiac surgery. While

retrospective studies in the early 1990s reported a

weight-dependent increase in mortality4 and morbidity,5

more recent retrospective and prospective multicenter trials

have failed to observe any clinical impact of body weight6,7

in patients undergoing coronary artery bypass grafting

surgery (CABG).

Taking into account the link between body weight and

DM in non-surgical patients8–11 and that the degree of

insulin resistance is a predictor of adverse events after

cardiac surgery,11,12 we hypothesized that obesity would be

associated with decreased intraoperative insulin sensitivity

in cardiac surgical patients. Accordingly, we primarily

investigated the relationship between body mass index

(BMI) and insulin sensitivity in patients undergoing

cardiac surgery. As a secondary aim, we also examined

the impact of BMI on the quality of glycemic control and

clinical outcomes.

Methods

With approval from the McGill University Health Centre

Research Ethics Board (3 March 2014), we obtained

written informed consent from patients scheduled for

elective CABG, valve surgery, or a combination of both.

Because of different inflammatory, hemodynamic, and

metabolic responses,13,14 patients undergoing off-pump

CABG or procedures with anticipated deep hypothermic

circulatory arrest were excluded. We also excluded patients

who were severely underweight (BMI\ 18.5 kg�m-2), on

hemodialysis, with preoperative troponin I levels [ 0.5

ng�L-1, and not known to have DM presenting with fasting

blood glucose levels [ 7.0 mMol�L-1 (126 mg�dL-1) or

glycated hemoglobin (HbA1c)[ 6.0%.

Procedures

Patients were categorized according to the presence or

absence of type-2 DM and then divided into four groups

based on their BMI. Only patients receiving treatment (i.e.,

oral antihyperglycemic agents or insulin) were considered

diabetic. The groups were identified as:

Group 1 normal weight, BMI 18.5-24.9 kg�m-2

Group 2 overweight, BMI 25-29.9 kg�m-2

Group 3 obese, BMI 30-34.9 kg�m-2

Group 4 morbidly obese, BMI C 35 kg�m-2

We recorded the patients’ age, sex, Parsonnet score,15

Euroscore,16 medical history, laboratory data (HbA1c,

hematocrit, creatinine), and left ventricular ejection

function.

In patients with DM, the administration of oral

hypoglycemic drugs was discontinued 24 hr before

surgery. The anesthetic care until cardiopulmonary

bypass (CPB) was standardized for all patients. Standard

anesthesia monitors17 were supplemented by central

venous or pulmonary artery catheters as well as

transesophageal echocardiography. Midazolam, propofol,

sufentanil, volatile anesthetics, and a depolarizing or non-

depolarizing muscle relaxant were given during induction

and maintenance of anesthesia. Epinephrine or

norepinephrine (both at 1-10 lg�min-1) were used as

inotropes and vasopressors to maintain a systolic blood

pressure C 100 mmHg before and after CPB and a

perfusion pressure between 50-70 mmHg during CPB. We

also recorded the type of surgical procedures, anesthetic

and surgical time, and usage of epinephrine and

norepinephrine.

Insulin sensitivity was determined by using the

hyperinsulinemic-normoglycemic clamp technique as has

been previously described.18,19 Briefly, this begins before

the induction of anesthesia, with insulin (Humulin R; Eli

Lilly & Company, Indianapolis, IN, USA) infused at 5

mU�kg-1�min-1 (based on actual body weight) followed by

blood glucose measurements every five to ten minutes

using the Accu-chek glucose monitor (Roche Diagnostics,

Switzerland). This dose of insulin results in

supraphysiologic plasma insulin levels,20 which are

required to assure complete suppression of endogenous
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glucose production, maximum glucose uptake, and

utilization by insulin-sensitive tissues.

When the blood glucose was \ 6.1 mMol�L-1 (110

mg�dL-1), an infusion of 20% dextrose supplemented

with phosphate (30 mMol�L-1) was started at a rate

adjusted to maintain the blood glucose between 4-6

mMol�L-1 (72-109 mg�dL-1). The dextrose infusion rate

during steady-state conditions before CPB was used as an

indicator of insulin sensitivity (i.e., with lower indicating

poor insulin sensitivity). We assumed steady-state

conditions if the coefficient of variation (CV) of five

subsequent dextrose infusion rates was less than 5%.

Patients who did not obtain a CV \ 5% (e.g., with CPB

starting before establishment of a steady dextrose infusion

rate because of large fluctuations in blood glucose levels)

were excluded in the final analysis.

Glycemic control in the intensive care unit (ICU) was as

follows. Blood glucose was measured every one to two

hours until the target range (4.0-10.0 mMol�L-1; 72-180

mg�dL-1) was achieved and then every four to six hours

thereafter. If the blood glucose was C 10.1 mMol�L-1

(C 181 mg�dL-1), an insulin infusion of 2 units�hr-1 was

started and titrated according to the following sliding scale

based on the measured blood glucose:

C 10.1 mMol�L-1

(C 181 mg�dL-1)

increase insulin infusion by 2

units�hr-1;

8.1–10.0 mMol�L-1

(145-180 mg�dL-1)

maintain current insulin

infusion rate;

4.1–8.0 mMol�L-1

(73-144 mg�dL-1)

stop insulin infusion;

B 4.0 mMol�L-1

(B 72 mg�dL-1)

stop insulin infusion and

administer 10 mL of 20%

dextrose

The mean and median blood glucose during the first 48

postoperative hours was calculated. Major complications

included all-cause mortality, myocardial failure (cardiac

index \ 1.8 L�min-1�m-2 and mixed venous saturation \
55%, despite adequate fluid replacement, and high-dose

inotropic support requiring intra-aortic balloon pump, right

and/or left ventricular assist device, and/or extracorporeal

mechanical oxygenation after separation from CPB), stroke

(new focal or global neurologic deficit confirmed by

clinical findings and computed tomographic scan), dialysis,

and major infections (i.e., sepsis,21 pneumonia requiring

mechanical ventilation and antibiotics, or deep sternal

wound infection). Other complications included minor

infections (e.g., pneumonia not requiring mechanical

ventilation, superficial wound, and urinary tract

infection), temporary neurologic dysfunction (delirium,

confusion), atrial fibrillation, and blood product

transfusions. We also documented the peak postoperative

creatinine, troponin, and lactate concentrations, duration of

intubation, and length of ICU and hospital stay.

Complications were assessed 30 days after surgery.22

Complications were a priori defined using the same criteria

as in our previously published study.12

The primary endpoint of the study was insulin

sensitivity during surgery. Secondary endpoints were the

average of blood glucose during the first 48 hr after surgery

and the incidence of postoperative adverse events.

Statistical analysis

Sample size was calculated on the basis of mean [standard

deviation (SD)] insulin sensitivity levels previously

reported12 during cardiac surgery [5.0 (2.0)

mg�kg-1�min-1 in patients without DM, 3.8 (1.6)

mg�kg-1�min-1 in patients with well-controlled DM

(HbA1c \ 6.5%), and 3.2 (1.4) mg�kg-1�min-1 in poorly

controlled diabetics (HbA1c[ 6.5%)] and the assumption

of a difference in insulin sensitivity among the four weight

groups. A sample size of 351 achieves 90% power to detect

a difference in insulin sensitivity of 0.4 mg�kg-1�min-1

under the alternative hypothesis with a four-group ratio of

2:4:2:1 (group 1:group 2:group 3:group 4) based on the

BMI distribution in cardiac surgery patients,23–25 an SD in

insulin sensitivity of 1.8 mg�kg-1�min-1, and an alpha

level of 0.05.

Patient, surgical, and laboratory testing data were

summarized using descriptive statistics. Categorical

variables were described as counts and percentages.

Continuous variables with normal distribution are

presented as mean (SD) and variables with skewed

distribution are presented as median (interquartile range

[IQR]). All data were tested for normality using the

Kolmogorov-Smirnov test.

Categorical variables were analyzed by Chi-square test.

Where the assumption of normal distribution was

confirmed, one-way analysis of variance followed by the

Tukey-Kramer post-hoc test or an independent two-sample

t test was used. Otherwise, a Kruskal-Wallis test with

Steel-Dwass multiple comparisons posttest or a Mann-

Whitney U test was performed.

The Pearson correlation coefficient and linear regression

were used to describe the association between BMI and

insulin sensitivity and between BMI and postoperative

blood glucose. A logistic regression model assessed the

relationship between BMI and postoperative complications

and also adjusted for potential confounders (i.e, age,

gender, DM, and HbA1c). A two-sided P B 0.05 was

considered statistically significant. All statistical analyses

were performed using SPSS 21 for Windows (IBM,

Chicago, IL, USA) and PASS 11 (NCSS, Kaysville, UT,

USA).
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Results

We enrolled 400 patients, 140 (35.0%) of whom had type-2

DM. Thirteen patients were excluded because the

procedure was performed off-pump (n = 6) or under

hypothermic circulatory arrest (n = 2) or because steady-

state conditions were not established (n = 5) (Fig. 1). There

were some statistically significant differences between

groups in age, sex, HbA1c, and DM (Table 1). Patients in

group 1 (normal weight) were older than patients in group

2 (overweight) and group 3 (obese). Group 1 (normal

weight) showed a lower rate of DM and group 3 (obese)

and group 4 (morbidly obese) showed a higher rate.

Primary and secondary endpoints

For non-diabetic patients, the mean (SD) insulin sensitivity

was higher in group 1 [normal weight, 5.6 (1.8)

mg�kg-1�min-1] than in group 2 [overweight, 4.5 (1.4)

mg�kg-1�min-1; mean difference vs group 1, 1.1

mg�kg-1�min-1; 95% CI, 0.5 to 1.7; P \ 0.001], group 3

[obese, 4.2 (1.5) mg�kg-1�min-1; mean difference vs group

1, 1.4 mg�kg-1�min-1; 95% CI, 0.7 to 2.1; P\0.001], and

group 4 [morbidly obese, 3.5 (1.7) mg�kg-1�min-1; mean

difference vs group 1, 2.1 mg�kg-1�min-1; 95% CI, 1.0 to

3.1; P\ 0.001] (Fig. 2a).

For diabetic patients, the mean (SD) insulin sensitivity

in group 1 [normal weight, 3.8 (1.8) mg�kg-1�min-1] was

higher than in group 3 [obese, 2.3 (1.4) mg�kg-1�min-1;

mean difference vs group 1, 1.4 mg�kg-1�min-1; 95% CI,

0.4 to 2.5; P\0.001] and in group 4 [morbidly obese, 2.2

(1.3) mg�kg-1�min-1; mean difference vs group 1, 1.6

mg�kg-1�min-1; 95% CI, 0.3 to 2.9; P = 0.002] (Fig. 2a).

The mean (SD) insulin sensitivity in group 2 [overweight,

3.5 (1.4) mg�kg-1�min-1] also was higher than in group 3

[2.3 (1.4) mg�kg-1�min-1; mean difference vs group 2, 1.1

mg�kg-1�min-1; 95% CI, 0.4 to 2.5; P\0.001] and group

4 [morbidly obese, 2.2 (1.3) mg�kg-1�min-1; mean

difference vs group 2, 1.3 mg�kg-1�min-1; 95% CI, 0.1

to 2.4; P = 0.04] (Fig. 2a).

On average, patients with DM were less insulin sensitive

than patients without DM [3.0 (1.6) mg�kg-1�min-1 vs 4.7

(1.7) mg�kg-1�min-1, respectively; mean difference, 1.7

mg�kg-1�min-1; 95% CI, 1.4 to 2.1; P\ 0.001].

A negative correlation between BMI and insulin

sensitivity was observed independent of the presence of

diabetes mellitus (Fig. 2b). We also found a positive

correlation between BMI and postoperative glycemia

(Fig. 3).

The incidence of major complications among the four

groups was similar and no significant correlation with BMI

was detected (Table 2). After adjusting for age, gender,

DM, and HbA1c values, morbidly obese patients had a

significantly increased risk of developing an infectious

complication (odds ratio, 3.4; 95% CI, 1.03 to 11.2, P =

0.04) (Table 3).

Discussion

We report a negative correlation between BMI and insulin

sensitivity during open heart surgery. While this

association was similar in subjects with or without

diabetes, patients with diabetes were less insulin sensitive

in all BMI groups. We further show a relationship between

BMI and postoperative glycemia.

Assessed for eligibility 
(n=462)

Consented
(n=409)

BMI 18.5-24.9 
(n=113)

Enrolled
(n=400)

Withdrawn (n=9)
- 9 rescheduled surgery

Excluded (n=53)
- 31 Not meeting inclusion 

criteria
- 22 Declined to participate

BMI 35-
(n=37)

(n=111)
2 patients excluded
-1 Off pump CABG
-1 No steady-state 
conditions

Allocation

Analysis (n=34)
3 patients excluded
-1 Off pump CABG
-2 No steady-state 
conditions

BMI 30-34.9 
(n=88)

BMI 25-29.9 
(n=162)

(n=158)
4 patients excluded

-1 Off pump CABG
-1 Deep 
hypothermic 
circulatory arrest
-2 No steady-state 
conditions

(n=84)
4 patients excluded
-3 Off pump CABG
-1 Deep 
hypothermic 
circulatory arrest

Fig. 1 Patient flow diagram. BMI = body mass index; CABG = coronary artery bypass grafting
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Whether BMI is an independent predictor of adverse

events in surgical patients is still a matter of controversy.

While some studies have reported an increased incidence

of complications,4,5,26–28 others have failed to observe any

impact of body weight on outcome.6,7,29 In fact, following

cardiac,30 vascular,31 and general surgery procedures,32

obesity is associated with improved outcomes compared

with patients with normal body weight, a concept known as

the ‘‘obesity paradox’’.33 The worst outcomes occurred in

the underweight and morbid obesity subjects. Similar

observations were made in medical patients with diabetes

mellitus, end-stage renal disease, hypertension, heart

failure, and coronary artery and peripheral vascular

disease.33

Table 1 Patient characteristics

Normal weight Overweight Obese Morbidly obese P value

(n = 111) (n = 158) (n = 84) (n = 34)

Age-year, mean (SD) 69 (11) 66 (10) 64 (12) 66 (11) 0.01

Female-n (%) 28 (25) 26 (17) 21 (25) 13 (38) 0.03

Parsonnet score-mean (SD) 15 (11) 13 (11) 15 (11) 19 (10) 0.14

Euro score 1-mean (SD) 2.8 (2.0) 3.0 (2.3) 2.9 (2.1) 3.0 (2.3) 0.95

HbA1c-%, mean (SD) 5.9 (1.1) 5.8 (0.9) 6.4 (1.3) 6.2 (0.9) 0.01

Diabetes mellitus-n (%) 22 (20) 54 (34) 38 (45) 17 (50) \0.001

Insulin-n (%) 7 (6) 9 (6) 12 (14) 10 (30) \0.001

Thiazolidinediones-n (%) 0 (0) 4 (3) 2 (2) 0 (0) 0.30

Biguanides-n (%) 15 (14) 41(26) 25 (30) 11 (32) 0.02

Sulfonylureas and meglitinides-n (%) 2 (8) 10 (6) 6 (7) 6 (17) 0.01

Hypertension-n (%) 95 (86) 127 (80) 76 (91) 32 (94) 0.07

ACE inhibitors-n (%) 38 (34) 53 (34) 33 (39) 18 (53) 0.17

b-Blockers-n (%) 81 (73) 109 (69) 58 (69) 26 (77) 0.76

Ca channel-blockers-n (%) 18 (16) 32 (20) 18 (21) 12 (35) 0.12

Statin intake-n (%) 91 (82) 119 (75) 61 (72) 29 (85) 0.26

Smoking history-n (%) 26 (23) 29 (18) 21 (25) 6 (18) 0.56

CAD-n (%) 54 (49) 93 (59) 41 (49) 19 (56) 0.30

CHF-n (%) 17 (15) 22 (14) 12 (14) 4 (12) 0.96

CVD-n (%) 1 (1) 11 (7) 3 (4) 1 (3) 0.10

PVD-n (%) 5 (5) 5 (3) 3 (4) 0 (0) 0.65

COPD-n (%) 12 (11) 23 (14) 16 (19) 7 (11) 0.33

Atrial fibrillation-n (%) 8 (7) 17 (11) 7 (8) 3 (9) 0.78

Steroid intake-n (%) 2 (2) 9 (6) 2 (2) 3 (9) 0.17

LVEF-%, mean (SD) 51 (12) 51 (11) 51 (12) 50 (12) 0.99

Hematocrit-%, mean (SD) 39 (6) 40 (5) 40 (5) 39 (5) 0.51

Creatinine-lMol L-1, mean (SD) 95 (41) 94 (26) 87 (21) 92 (24) 0.18

Surgical procedure 0.53

CABG-n (%) 73 (66) 106 (67) 51 (61) 19 (56)

Valve-n (%) 17 (15) 28 (18) 20 (24) 6 (18)

CABG and valve-n (%) 21 (19) 24 (15) 13 (15) 9 (26)

Aortic cross clamp time-min, mean (SD) 86 (32) 86 (31) 86 (31) 89 (31) 0.96

CPB time-min, mean (SD) 104 (38) 109 (47) 105 (38) 115 (46) 0.56

Duration of surgery-min, mean (SD) 213 (57) 229 (80) 214 (64) 239 (80) 0.11

Duration of anesthesia-min, mean (SD) 288 (60) 300 (75) 289 (63) 313 (81) 0.56

Epinephrine infusion at the end of operation-n (%) 27 (24) 30 (19) 14 (17) 9 (27) 0.44

Norepinephrine infusion at the end of operation-n (%) 49 (44) 57 (36) 39 (46) 17 (50) 0.26

ACE = angiotensin-converting enzyme; CABG = coronary artery bypass grafting; CAD = coronary artery disease; CHF = congestive heart

failure; COPD = chronic obstructive pulmonary disease; CPB = cardiopulmonary bypass; CVD = cerebrovascular disease; HbA1c = glycated

hemoglobin; LVEF = left ventricular ejection fraction; PVD = peripheral vascular disease
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The pathophysiologic mechanisms responsible for this

‘‘paradoxical’’ finding remain incompletely understood,

particularly in the context of surgical tissue trauma. Several

factors including enhanced metabolic reserves, stimulated

production and release of protective cytokines, inhibition

of the renin-angiotensin-aldosterone system, and

augmented muscle mass in overweight subjects may have

contributed.34

The endocrine and inflammatory alterations induced by

cardiac surgery and CPB (i.e., augmented plasma

concentrations of counterregulatory hormones and

cytokines), together with the use of metabolically active

drugs such as catecholamines, lead to a state of whole-body

tissue insulin resistance and, as a result, hyperglycemia.

Because previous studies showed a significant link

between the degree of insulin resistance and outcomes after

(A)

(A)

(B)

(B) (C)

(C)
a

b

Fig. 2 A) Insulin sensitivity

(dextrose infusion

mg�kg-1�min-1) in all patients;

B) in patients without DM and

C) with DM. Data are expressed

as mean (SD). *P\ 0.05 vs

group 1; �P\ 0.05 vs group 2.

Relationship between BMI

(kg�m-2) and insulin sensitivity

(dextrose infusion,

mg�kg-1�min-1) in all patients

A) insulin sensitivity = -0.16 �
[BMI] ? 8.6; r = -0.42; P\
0.001); in patients without DM

B) insulin sensitivity = -0.14 �
[BMI] ? 8.6; r = -0.39; P\
0.001) and with DM C) insulin

sensitivity = -0.12 � [BMI] ?

6.5; r = -0.37; P\ 0.001). BMI

= body mass index; DM =

diabetes mellitus

(A) (B) (C)

Fig. 3 Relationship between BMI (kg�m-2) and average

postoperative blood glucose concentration (mMol�L-1) in all

patients A) insulin sensitivity = 0.09�[BMI] ? 6.2; r = -0.30; P \
0.001); in patients without DM B) insulin sensitivity = 0.04 � [BMI] ?

7.2; r = -0.16; P = 0.02) and with DM C) insulin sensitivity = 0.12

�[BMI] ? 6.4; r = -0.34; P\0.001). BMI = body mass index; DM =

diabetes mellitus
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surgery, we speculated that altered insulin sensitivity may

have contributed to the outcome discrepancies observed in

different weight groups.35,36

Our demonstration of a linear negative relationship

between the patients’ BMI and intraoperative insulin

sensitivity with increasing BMI, however, does not

support this assumption.

Although morbidly obese patients in the present study

had a numerically higher risk of infection, we did not find a

statistically significant association between BMI and the

incidence of postoperative complications. Further

investigations are required to define the relationship

among body weight, insulin sensitivity, and clinical

outcomes in cardiac surgery. It also remains unclear if

obese insulin-resistant patients clinically benefit from

tighter glycemic control or any other intervention aimed

at improving perioperative insulin sensitivity.

We acknowledge several limitations of this study. It was

not powered to detect a true difference between weight

groups in the incidence of secondary outcomes (i.e.,

postoperative complications). Assuming a 30-day-

mortality rate after cardiac surgery of 1.5% in normal

weight, 1.0% in overweight, 0.9% in obese, and 1.2% in

morbidly obese patients and corresponding major infection

rates between 4 and 5%, study populations of 96,000 and

15,000 patients would be needed to detect a 20% outcome

difference with an alpha of 0.05 and a power of 0.8.30,37

Although subjects not known for DM and presenting

with blood glucose levels[7.0 mMol�L-1 (126 mg�dL-1)

or HbA1c [ 6.0% were not eligible, we cannot entirely

exclude the possibility that some patients who were

labelled ‘‘non-diabetic’’ actually had DM.

Table 2 Outcomes

Normal weight Overweight Obese Morbidly obese P value

(n = 111) (n = 158) (n = 84) (n = 34)

Major complication-n (%) 11 (10) 15 (10) 9 (11) 6 (18) 0.56

Death-n (%) 1 (1) 4 (3) 3 (4) 0 (0) 0.46

Myocardial failure-n (%) 4 (4) 1 (1) 3 (4) 1 (3) 0.19

Stroke-n (%) 1 (1) 0 (0) 1 (1) 0 (0) 0.56

Dialysis-n (%) 2 (2) 3 (2) 3 (4) 1 (3) 0.83

Major infection-n (%) 4 (4) 8 (5) 3 (4) 2 (6) 0.89

Sepsis-n (%) 2 (2) 1 (1) 0 (0) 0 (0) 0.48

Pneumonia requiring ventilation-n (%) 3 (3) 6 (4) 3 (4) 1 (3) 0.97

Deep sternal wound infection-n (%) 1 (1) 2 (1) 0 (0) 1 (3) 0.53

Other complication

Minor infection-n (%) 11 (10) 22 (14) 13 (16) 9 (27) 0.11

Pneumonia not requiring intubation-n (%) 3 (3) 8 (5) 2 (2) 3 (9) 0.33

Superficial wound infection-n (%) 5 (5) 5 (3) 5 (6) 6 (18) 0.01

Urinary tract infection-n (%) 6 (5) 9 (6) 8 (10) 5 (15) 0.20

Transitional neurologic dysfunction-n (%) 11 (10) 11 (7) 9 (11) 6 (18) 0.27

Atrial fibrillation-n (%) 29 (26) 45 (29) 21 (25) 11 (33) 0.84

Average blood glucose in ICU-mMol L-1, mean (SD) 8.3 (1.3) 8.7 (1.4) 9.1 (1.5) 9.7 (3.7) \0.001

Median blood glucose in ICU-mMol L-1, median [IQR] 8.0 [7.4-9.0] 8.5 [7.7-9.4] 9.0 [8.2-9.8] 9.0 [7.7-10.3] \0.001

Peak creatinine-mMol�L-1, median, [IQR] 99 [84-130] 107 [94-138] 110 [90-133] 117 [90-174] 0.10

Peak troponin-ng dL-1, median [IQR] 4.3 [2.3-7.7] 4.1 [2.5-8.4] 3.7 [2.2-7.6] 6.6 [2.2-9.7] 0.49

Peak lactate-mMol L-1, median [IQR] 2.4 [1.8-3.4] 2.4 [1.8-3.2] 2.3 [1.6-3.7] 2.5 [2.0-3.2] 0.85

Intubation time-hour, median [IQR] 11 [6-15] 9 [6-15] 9 [6-15] 9 [6-18] 0.49

Length of ICU stay-hour, median [IQR] 23 [21-31] 23 [21-41] 23 [21-38] 23 [21-48] 0.85

Length of hospital stay-day, median [IQR] 8 [6-11] 8 [6-10] 8 [6-10] 9 [7-17] 0.10

One normal weight patient and one overweight patient had two major infections. Three normal weight patients, two obese patients, and three

morbidly obese patients had two major infections, and one morbidly obese patient had three minor infections. Two normal weight patients, five

overweight patients, one obese patient, and one morbidly obese patient had both one major and one minor infection

ICU = intensive care unit; IQR = interquartile range; SD = standard deviation
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Conclusions

Body mass index may be used as a simple predictor of

insulin sensitivity during open heart surgery and as a

predictor of the quality of postoperative glycemic control.

A larger cohort will be necessary to evaluate the

association of BMI, insulin resistance, and clinical

outcomes in cardiac surgery.
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