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Abstract

OBJECTIVE: Diabetes mellitus has been recognized as a risk factor for mortality and morbidity after coronary bypass grafting, but a sig-
nificant association between diabetes mellitus and postoperative atrial fibrillation (AF) has not been found. Although a recent study
demonstrated a potential link between preoperative hemoglobin A1c level and risk of postoperative AF, there has not been sufficient
examination of this relationship. We aimed to investigate the association between preoperative hemoglobin A1c and AF after isolated
off-pump coronary bypass grafting.

METHODS: Of 912 consecutive patients undergoing isolated coronary bypass surgery, 805 were retrospectively analyzed for AF after
excluding the following 107 cases: emergency (n = 81), chronic AF (n = 18), and pacemaker rhythm (n = 8). We performed a group ana-
lysis with hemoglobin A1c levels categorized into tertiles of the baseline distribution and a continuous analysis based on 1% increments
in hemoglobin A1c levels. The cutoff points for the tertiles were as follows: lower, 3.8–5.6% (n = 283); middle, 5.7–6.7% (n = 282);
upper, 6.8–11.4% (n = 240).

RESULTS: AF occurred in 159 patients (19.8%) after surgery. The median value (25th–75th percentile) of preoperative hemoglobin A1c
was significantly lower in patients who developed AF than in those who did not (5.8 (5.4–6.3) vs 6.1 (5.5–7.2), p = 0.01). The incidence
of postoperative AF was 28.3% (80/283) in the lower tertile, 17.4% (49/282) in the middle tertile, and 12.5% (30/240) in the upper
tertile (p for trend = 0.01). The unadjusted odds ratio (95% confidence interval) for the association between hemoglobin A1c and post-
operative AF was 0.70 (0.61–0.83) per 1% increase and 0.42 (0.29–0.70) for the upper versus the lower tertile. This association persisted
after adjustment for the univariate predictors (0.74 (0.60–0.92) per 1% increase; 0.54 (0.31–0.90) for upper vs lower tertile) and the
known risk factors (0.78 (0.63–0.95) per 1% increase; 0.55 (0.35–0.88) for upper vs lower tertile). The area under the receiver operator
characteristic curve (95% confidence interval) for preoperative hemoglobin A1c as a predictor of postoperative AF was 0.70 (0.65–0.75)
(p = 0.01).

CONCLUSIONS: Preoperative hemoglobin A1c independently predicts the occurrence of AF after isolated off-pump coronary bypass
grafting.
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INTRODUCTION

Diabetes mellitus has been recognized as a risk factor for mortal-
ity and morbidity after coronary artery bypass grafting (CABG),
but a significant association between diabetes mellitus and post-
operative atrial fibrillation (AF) has not been found [1–13]. A
recent study demonstrated a potential link between preoperative
HbA1c level and risk of AF after CABG [14], but there has not
been sufficient examination of this relationship. In the present
study, we examined data on patients undergoing isolated
off-pump CABG by a single surgeon and investigated the associ-
ation between preoperative HbA1c and the occurrence of post-
operative AF.

MATERIALS AND METHODS

Between January 2002 and November 2010, 912 consecutive
patients underwent isolated CABG by a single surgeon at our
institution. Except for six emergent cases in which percutan-
eous cardiopulmonary support was applied preoperatively
because of hemodynamic collapse, all patients underwent
CABG using the off-pump technique without conversion to
cardiopulmonary bypass during surgery. A total of 805
patients was retrospectively analyzed after excluding the fol-
lowing 107 cases: emergent (n = 81), chronic AF (n = 18), and
pacemaker rhythm (n = 8). Emergent cases were excluded
because HbA1c levels could not be measured. All patients
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had previously granted permission for use of their medical
records for research purposes. The study was approved by the
Institutional Review Board. The endpoint was new-onset AF
after surgery, which was diagnosed when there was an irregu-
lar cardiac rhythm without P-waves lasting more than 60 min
that required further administration of antiarrhythmics, cardio-
version, or anticoagulation therapy. After surgery, all patients
were subjected to continuous electrocardiographic monitoring,
using a bedside monitor in the intensive care unit and telem-
etry on the hospital ward, until postoperative day 7. When
episodes of arrhythmia were captured by an automatic alarm
function, a 12-lead electrocardiogram was performed and
assessed by the physicians. HbA1c levels were measured in
the morning under fasting before surgery by high-
performance liquid chromatography (HLC-723G8, Tosoh,
Tokyo). All patients included in the study were admitted to
our hospital at least 5 days before surgery. In principle, we
did not alter the medication prescribed by the referring
cardiologist.

Definition

Body mass index of ≥25 kg m−2 was considered as obesity in the
present study (in contrast to ≥30 kg m−2 in Western populations)
according to the criteria of the Japan Society for the Study of
Obesity [15]. Diabetes was defined as a history of diabetes re-
gardless of duration of disease or need for antidiabetic agents.
Patients, who required chronic (>3 months) bronchodilator
therapy to avoid disability from obstructive airway disease and
had a forced expiratory volume in 1 s less than 75% of the pre-
dicted value or less than 1.25 l, were considered having chronic
pulmonary disease.

Anesthetic and surgical technique

The induction of anesthesia was achieved with intravenous ad-
ministration of fentanyl citrate, midazolam, and vecuronium
bromide. Anesthesia was maintained with intravenous adminis-
tration of fentanyl and propofol and inhalation administration of
low concentrations of sevoflurane as necessary. Anticoagulation
was achieved with heparin after the conduits were harvested.
The activated clotting time was maintained at more than 250 s.
The off-pump technique was used for all patients. The details of
the surgical technique were described previously [16].

Statistical analysis

We performed group analysis with HbA1c levels categorized into
tertiles of the baseline distribution and continuous analysis
based on 1% increments in HbA1c levels. The cutoff points for
the tertiles were as follows: lower, 3.8–5.6% (n = 283); middle,
5.7–6.7% (n = 282); and upper, 6.8–11.4% (n = 240). The associ-
ation of HbA1c with risk factors for postoperative AF was
assessed on the basis of trend tests across the HbA1c tertiles
using linear regression analysis for continuous variables and lo-
gistic regression analysis for binary variables. The correlation of
two continuous variables was checked using Spearman’s rank
correlation test. The association of preoperative HbA1c with
postoperative AF was assessed by logistic regression analysis, and

results were presented as odds ratio (OR) and 95% confidence
interval (95% CI). To determine whether HbA1c remained pre-
dictive after adjustment for possible confounders of the relation-
ship, we constructed three models. The first model included
HbA1c alone, the second HbA1c and the covariates with p value
of <0.25 in univariate logistic regression analyses, and the third
HbA1c and the known risk factors for postoperative AF: age, sex,
body mass index, chronic kidney disease, chronic pulmonary
disease, hypertension, triple vessel disease, ejection fraction of
<40%, left atrial dimension, preoperative beta blockers, pre-
operative statins, inotropic support of >24 h, and transfusion. To
identify significant interactions, interaction terms were created
between HbA1c and other covariates and introduced into the
models in addition to the other covariates. To examine multicol-
linearity of the models, we calculated the variance inflation
factor for each variable in the models and confirmed that none
of them was exceeded 2 (highest, 1.29), which indicates that
multicollinearity was not a significant issue. To evaluate the
impact of HbA1c in explaining postoperative AF, a receiver oper-
ating characteristic curve was constructed and the area under
the curves determined. All statistical testing was two sided.
Results were considered statistically significant at a level of
p < 0.05. All analyses were performed with the SPSS statistical
package version 11.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

The distribution of HbA1c was right skewed (Fig. 1). The median
value (25th–75th percentile) was 6.0 (5.4–7.1). AF occurred in
159 of 805 patients (19.8%) after surgery, most often on post-
operative day 2 (29.7%), with 78.0% of occurrences on post-
operative days 1, 2, 3, or 4 (Fig. 2). The incidence of
postoperative AF was 28.3% (80/283) in the lower tertile, 17.4%
(49/282) in the middle tertile, and 12.5% (30/240) in the upper
tertile (p for trend = 0.01). The mean time to AF occurrence was
similar between the groups (2.1 ± 0.5 days in the lower tertile,
2.2 ± 0.6 in the middle tertile, and 2.1 ± 0.6 in the upper tertile,
p for trend = 0.74). The median value (interquartile range) of
baseline HbA1c was significantly lower in patients who devel-
oped postoperative AF than in those who did not (5.8 (5.4–6.3)
vs 6.1 (5.5–7.2), p = 0.01).
The distribution of risk factors for postoperative AF by pre-

operative HbA1c level is shown in Table 1. Patients with higher
HbA1c were younger and more likely to have chronic kidney
disease, peripheral arterial disease, triple vessel disease, and low

Figure 1: Distribution of preoperative hemoglobin A1c.
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left ventricular ejection fraction and to use preoperative oral
antidiabetics and insulin. They also required longer operation

time, more insulin during intensive care, and more transfusion
than patients with lower HbA1c. The total dose of insulin infused
during intensive care was positively correlated with HbA1c level
(r = 0.55, p = 0.01). No correlation was found between age and
HbA1c (r = −0.19, p = 0.54).
Patients with postoperative AF stayed in hospital significantly

longer than those without AF (median value (25th–75th percent-
ile) was 14 [11–17] vs 12 [10–15], p = 0.01) and were more likely
to suffer from stroke (2.2% vs 0.6%, p = 0.03), pneumonia (4.4%
vs 1.8%, p = 0.02), and perioperative myocardial infarction (5.0%
vs 0.6%, p = 0.01). The incidence of 30-day mortality was 1.3% in
patients with AF and 0.9% in patients without AF (p = 0.71).
The results of univariate comparisons between patients with

and without postoperative AF are summarized in Table 2. The
following variables with p value of <0.25 were included in the
model 2: age, smoking, chronic kidney disease, chronic pulmon-
ary disease, hypertension, preoperative oral antidiabetics, pre-
operative statins, operative duration, inotropic support for >24 h,
and insulin used during intensive care.

Figure 2: Onset of atrial fibrillation after surgery.

Table 1: Distribution of risk factors by baseline hemoglobin A1c levels

Hemoglobin A1c p for trend

Tertile 1 (n = 283) Tertile 2 (n = 282) Tertile 3 (n = 240)

Age, year 69.3 ± 10.8 69.2 ± 9.1 66.1 ± 9.6 0.01
Male gender 233 (82.3) 217 (77.0) 192 (80.0) 0.47
Body mass index, kg m2 23.0 ± 3.7 23.5 ± 2.8 23.6 ± 3.1 0.07
Obesity (body mass index ≥ 25) 86 (30.4) 85 (30.1) 74 (30.4) 0.92
Diabetes 17 (6.0) 153 (54.3) 236 (98.3) 0.01
Hematocrit, % 37 ± 5 37 ± 6 37 ± 6 0.83
Logistic EuroSCORE 3.5 [1.8–6.2] 3.6 [2.0–6.1] 3.3 [1.8–6.4] 0.56
Smoking 150 (53.0) 164 (58.2) 127 (52.9) 0.98
Chronic kidney disease 133 (47.0) 173 (61.4) 153 (63.8) 0.01
Peripheral arterial disease 26 (9.2) 32 (11.4) 46 (19.2) 0.01
Chronic pulmonary disease 54 (19.1) 57 (20.2) 47 (19.6) 0.74
Hypertension 208 (73.5) 210 (74.5) 166 (69.2) 0.30
Prior myocardial infarction 107 (37.8) 117 (41.5) 113 (47.1) 0.07
Triple vessel disease 154 (54.4) 193 (68.4) 170 (70.8) 0.01
Ejection fraction < 40% 16 (5.7) 28 (9.9) 29 (12.1) 0.01
Left atrial dimension, mm 39 ± 7 40 ± 6 40 ± 6 0.10
Preoperative drugs
Oral antidiabetics 4 (1.4) 39 (13.8) 84 (35.0) 0.01
Insulin 4 (1.4) 40 (14.2) 93 (38.8) 0.01
Renin angiotensin system inhibitors 113 (39.9) 120 (42.6) 100 (41.7) 0.45
Beta blockers 199 (70.3) 200 (70.9) 169 (70.4) 0.68
Statins 185 (65.4) 188 (66.7) 156 (65.9) 0.31

Operative data
Operative duration, h 4.4 ± 1.1 4.6 ± 1.1 4.6 ± 1.1 0.01
Complete revascularization 275 (97.2) 274 (97.2) 233 (97.1) 0.92

Postoperative data
Inotropic support for >24 h 22 (7.8) 22 (7.8) 21 (8.8) 0.69
Insulin used during intensive care 0.01
None 211 (74.6) 127 (45.0) 38 (15.8)
1–20, units 60 (21.2) 115 (40.8) 78 (32.5)
≥ 21, units 12 (4.2) 40 (14.2) 124 (51.7)

Transfusion 70 (24.7) 83 (29.4) 84 (35.0) 0.01
Drugs initiated on postoperative day 1
Renin angiotensin system inhibitors 188 (66.4) 186 (66.0) 158 (65.8) 0.66
Beta blockers 240 (84.8) 245 (86.9) 204 (85.0) 0.54
Statins 253 (89.4) 253 (89.7) 214 (89.2) 0.74

Data are number (percent), mean ± standard deviation, or median [25th—75th percentile]. Cutoff points for tertiles: lower, 3.8-5.6%; middle, 5.7-6.7%;
upper, 6.8–11.4%. EuroSCORE: European System for Cardiac Operative Risk Evaluation.
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The unadjusted OR (95% CI) for the association between
HbA1c and postoperative AF calculated using a logistic regres-
sion model was 0.70 (0.61–0.83) per 1% increase in HbA1c;
patients with HbA1c levels in the upper tertile had a 58% lower
risk of postoperative AF (OR 0.42; 95% CI 0.29–0.70) than those
with HbA1c levels in the lower tertile (Table 3). Adding the uni-
variate predictors (model 2) and the known risk factors into the
model (model 3) attenuated this association, but HbA1c
remained a predictive indicator of postoperative AF. Other vari-
ables statistically significant in the model 2 were age (OR 1.34
per 10-year increase; 95% CI 1.08–1.65; p = 0.01), preoperative
statin (OR 0.70; 95% CI 0.56–0.91; p = 0.02), operative duration
(OR 1.23 per 1-h increase; 95% CI 1.07–1.48; p = 0.02), and ino-
tropic support for >24 h (OR 1.54; 95% CI 1.08–2.33; p = 0.03).
No interaction term was significantly associated with post-
operative AF in the models. The area under the receiver oper-
ator characteristic curve (95% CI) for the association between
HbA1c and postoperative AF was 0.70 (0.65–0.75) (p = 0.01).

To identify independent effect of diabetes, obesity, and use of
statins on the incidence of postoperative AF, we created a logistic
regression model, including diabetes, obesity, and use of statins
as covariates, and interaction terms (diabetes × obesity,

diabetes × use of statins, and obesity × use of statins) were intro-
duced into the model to identify significant interactions.
Diabetes (OR 0.55, 95% CI 0.32–0.95, p = 0.03) and use of statins
(OR 0.79, 95% CI 0.55–0.98, p = 0.04) were significantly asso-
ciated with postoperative AF. No interaction terms were signifi-
cantly associated with postoperative AF.

DISCUSSION

The major finding of the present study, which enrolled 805
patients undergoing elective off-pump coronary bypass surgery
by a single surgeon, was that higher preoperative HbA1c was in-
dependently associated with a lower risk of postoperative AF.
A number of investigators have demonstrated the association

between preoperative HbA1c and AF after coronary bypass
surgery. Halkos and colleagues examined 3089 patients undergo-
ing elective primary coronary surgery and demonstrated that
patients with HbA1c of ≥7.0% were younger, more often female,
more likely to have renal failure and advanced coronary disease,
received more grafts, and had higher intra- and postoperative
glucose levels; the incidence of AF was 20.9% in patients with

Table 2: Univariate comparison between patients with and without postoperative atrial fibrillation

No AF (n = 646) AF (n = 159) Odds ratio (95% CI) P

Age, year 67.7 ± 9.8 70.6 ± 10.2 1.38 (1.13–1.64) 0.01
Male gender 516 (79.9) 126 (79.2) 0.92 (0.60–1.41) 0.84
Body mass index, kg m2 23.3 ± 3.1 23.5 ± 3.7 1.01 (0.95–1.06) 0.45
Obesity (body mass index ≥ 25) 195 (30.2) 50 (31.4) 1.06 (0.73–1.54) 0.76
Diabetes mellitus 352 (54.5) 54 (34.0) 0.43 (0.30–0.61) 0.01
Hematocrit, % 37 ± 6 38 ± 5 1.01 (0.98–1.05) 0.59
Logistic EuroSCORE 3.5 [1.9–6.1] 3.9 [2.0–6.9] 1.02 (0.96–1.05) 0.54
Smoking 366 (56.7) 75 (47.2) 0.73 (0.51–0.95) 0.02
Chronic kidney disease 375 (58.0) 84 (52.8) 0.85 (0.68–1.16) 0.14
Peripheral arterial disease 86 (13.3) 18 (11.3) 0.77 (0.43–1.29) 0.44
Chronic pulmonary disease 130 (20.1) 28 (17.6) 0.90 (0.55–1.21) 0.22
Hypertension 472 (73.1) 112 (70.4) 0.85 (0.58–1.18) 0.19
Prior myocardial infarction 269 (41.6) 68 (42.8) 1.08 (0.78–1.52) 0.68
Triple vessel disease 421 (65.2) 96 (60.4) 0.98 (0.70–1.41) 0.33
Ejection fraction <40% 61 (9.4) 12(7.5) 0.84 (0.45–1.54) 0.41
Left atrial dimension, mm 40 ± 7 40 ± 6 0.97 (0.94–1.04) 0.91
Preoperative drugs
Oral antidiabetics 111 (17.2) 16 (10.1) 0.56 (0.34–0.94) 0.03
Insulin 117 (18.1) 20 (12.6) 0.60 (0.35–1.07) 0.10
Renin angiotensin system inhibitors 268 (41.5) 65 (40.9) 0.93 (0.60–1.44) 0.80
Beta blockers 458 (70.9) 110 (69.2) 0.91 (0.61–1.41) 0.65
Statins 439 (68.0) 90 (56.6) 0.72 (0.50–0.88) 0.01

Operative data
Operative duration, h 4.3 ± 1.1 4.6 ± 1.1 1.24 (1.11–1.58) 0.03
Complete revascularization 628 (97.2) 154 (96.9) 0.99 (0.67–1.49) 0.56

Postoperative data
Inotropic support for >24 h 45 (7.0) 20 (12.6) 1.70 (1.12–2.53) 0.03
Insulin used during intensive care 0.03
None 292 (45.2) 84 (52.8) 1 (Ref)

1–20, units 202 (31.3) 51 (32.1) 1.05 (0.77–1.40)
≥ 21, units 152 (23.5) 24 (15.1) 0.56 (0.35–0.92)
Transfusion 282 (43.7) 77 (48.4) 1.22 (0.89–1.82) 0.28

Drugs initiated on postoperative day 1
Renin angiotensin system inhibitors 410 (63.5) 101 (63.5) 0.99 (0.66–1.32) 0.38
Beta blockers 548 (84.8) 136 (85.5) 0.98 (0.77–1.28) 0.81
Statins 552 (85.4) 135 (84.9) 0.94 (0.65–1.30) 0.59

Data are number (percent), mean ± standard deviation, or median [25th–75th percentile]. EuroSCORE: European System for Cardiac Operative Risk
Evaluation
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HbA1c of <7.0% and 15.1% in those with HbA1c of ≥7.0%
(p = 0.007), the adjusted OR (95% CI) for association with post-
operative AF at HbA1c of ≥6.8% was 0.73 (0.55–0.96), and the
area under the receiver operator characteristic curve was 0.687
[14]. These findings concur with our results. However, unlike in
our study, in which all patients underwent off-pump surgery, in
Halkos’s study, cardiopulmonary bypass was used in 29.1% of
patients with HbA1c of <7.0% and 34.7% of patients with HbA1c
of ≥7.0% (p = 0.01). Matsuura and colleagues investigated out-
comes in 101 diabetic patients undergoing off-pump CABG and
reported that the incidence of postoperative AF was 29.7% in
patients with HbA1c of <6.5% and 22.2% in those with HbA1c of
>6.5% (p = 0.49) [17].

The exact mechanisms that explain the protective effect of
elevated HbA1c on postoperative AF are not clear. One possible
explanation is that patients with elevated HbA1c require more
insulin, which has been reported to reduce the risk of post-
operative AF [18,19], to control the postoperative blood glucose
level. In the present study, patients with higher HbA1c required
more insulin than those with lower HbA1c. Postoperative insulin
infusion was significantly associated with postoperative AF in a
univariate model but was not significant in a multivariate model.
Another possible explanation is that patients with higher HbA1c
were significantly younger than those with lower HbA1c in the
present study. Both age and HbA1c were independent predictors
of postoperative AF, but the two factors were not correlated.

Postoperative complications, especially pneumonia and myo-
cardial infarction, might have contributed to the occurrence of
postoperative AF. In the present study, the incidence of pneumo-
nia and myocardial infarction was significantly higher in patients
with postoperative AF than in those without AF. These adverse
events are associated with increased vulnerability for AF because
of hypoxia, systemic inflammation, disturbance in electrolyte
balance, and ventricular impairment. However, it is not clear
whether postoperative AF was the etiology or the result of the
adverse events. Several investigators also reported the associ-
ation between postoperative AF and these adverse events.
Aranki and colleagues examined the outcome in 570 consecutive
patients undergoing coronary bypass surgery and reported that
the incidence of pneumonia (11% vs 1%, p < 0.001), myocardial
infarction (5% vs 3%, p = 0.40), and stroke (3.7% vs 1% p = 0.025)
after surgery was significantly higher in patients with post-
operative AF than in those without AF [12]. In a large observa-
tional study of 4657 patients undergoing coronary bypass
surgery, the incidence of pneumonia was significantly higher in
patients with postoperative AF (8.75% vs 3.4%, p < 0.001) [13].

In clinical practice, HbA1c can be easily determined. Although
the present study was not designed to identify patients who
would benefit from prophylactic use of antiarrhythmic drugs
such as beta blocker, amiodarone, sotalol, and statin, preopera-
tive measurement of HbA1c might be useful for noninvasive risk
stratification of patients at high risk of postoperative AF.
The present study has a number of potential limitations. First,

all enrolled subjects were Japanese patients who underwent
revascularization using the off-pump technique at a single
center, which limits the generality of the findings; second, we
had no information about the dose of catecholamine used in
the operating theater, which may have influenced the occur-
rence of AF; third, HbA1c levels were based on a single meas-
urement; finally, episodes of postoperative AF may have been
missed because electrocardiographic telemetry is susceptible to
the effect of motion artifact and electrocardiographic monitoring
was not performed after postoperative day 8.
In conclusion, preoperative HbA1c independently predicts the

occurrence of postoperative AF after isolated off-pump CABG.
Further studies are necessary to investigate the mechanism
underlying the association between preoperative HbA1c and
postoperative AF and to work out a strategy to improve out-
comes for high-risk patients identified by HbA1c analysis.

Conflict of interest: none declared.
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