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required intravenous insulin or experienced
hypoglycemia (< 70 mg/dl).
FFA levels in the LG group were significantly lower

than those seen in the 0G group at 1 h and the end of
surgery (1 h: P = 0.004, the end of surgery: P = 0.001;
Fig. 5a). Levels of ketone bodies in the LG group were
significantly lower than those in the 0G group at 1 h and
at the end of surgery (1 h: P = 0.037, the end of surgery:
P = 0.007; Fig. 5b). Levels of ketone bodies at 1 h were
significantly higher than those at baseline in the 0G
group (P = 0.02; Fig. 5b).
There were no significant differences between the two

groups in EE (Fig. 6a), RQ (Fig. 6b), V̇ O2, V̇ CO2, insu-
lin (Fig. 4b), Cr, 3-MH, and 3-MH/Cr.

Discussion
In this study of elderly patients, FFA levels in the LG
group were significantly lower than those in the 0G
group at 1 h and at the end of surgery. Levels of ketone

bodies in the LG group were significantly lower than
those seen in the 0G group at 1 h and the completion of
surgery. In addition, levels at 1 h were significantly
higher than those seen at baseline in the 0G group.
These results indicate that 1% glucose loading during
remifentanil-induced anesthesia attenuated the catabol-
ism of fat in this patient group.
Our previous study of adult patients demonstrated

that ketone levels in subjects with no glucose loading
were approximately 300 μmol/L during surgery [12],
whereas in the current study of elderly patients, ketone
body levels were approximately 500 μmol/L in the 0G
group. However, in both studies, ketone body levels dur-
ing surgery were approximately 200 μmol/L in the LG
group. This observation suggests that low-dose glucose
loading may be more effective in elderly patients than in
adult patients as a whole.
In the present study, all patients were given Arginaid

Water® 2 h before anesthesia. Arginaid Water® are carbo-
hydrate with aminoacid solution, and the nutrient pro-
files are shown in Table 1. In our previous study, we
investigated whether the intake of preoperative carbohy-
drate with aminoacid solution can improve starvation
status and lipid catabolism before the induction of
anesthesia, and reported that the intake of preoperative
carbohydrate with aminoacid solution significantly de-
crease FFA and ketone bodies at the initiation of
anesthesia compared with the control group [19]. There-
fore, non-preoperative Arginaid Water® may cause more
significantly difference in FFA and ketone bodies be-
tween 0G group and LG group.
HOMA-IR has been used widely to measure insulin

sensitivity and resistance based on fasting plasma glu-
cose and insulin concentrations [20, 21]. Esteghamati A
et al. reported that the 75th percentile of HOMA-IR was
1.6 in heaIthy Iranians [22]. Beak JH et al. reported that
the overall optimal cut-off value of HOMA-IR for identi-
fying dysglycemia was 1.6 in both sex, and that the cut-
off values for type 2 diabetes mellitus were 2.87 in men
and 2.36 in women [23]. Ascaso JF et al. reported that
the 75th percentile value as the cut-off point to define
insulin resistance corresponded with a HOMA-IR of 2.6
[24]. In the present study, HOMA-IR did not differ sig-
nificantly between the two groups (0G group: 1.85 ±
0.95, LG group: 1.61 ± 0.94, P = 0.40; Table 2). The high-
est HOMA-IR in the 0G group was 4.0, and that in the
LG group was 4.2. Therefore, in the present study, insu-
lin resistance were increased in both groups.
In the present study, no significant changes in insulin

levels were seen. However, our previous study of adult
patients showed a significant increase in insulin levels
after low-dose glucose loading during surgery [12]. Many
studies have reported that insulin secretion decreasing
and resistance increasing with age [15–18]. Lozzo et al.

Table 2 Demographic data

0G group LG group P value

Male/Female 4/12 7/8 P = 0.21

Age (yr) 78.5 ± 2.8 79.0 ± 4.0 P = 0.83

Height (cm) 151.0 ± 6.3 157.7 ± 7.6 P = 1.0

Weight (kg) 57.3 ± 6.7 58.8 ± 13.1 P = 0.70

BMI (kg/m2) 24.0 ± 2.0 24.2 ± 3.1 P = 0.81

HOMA-IR 1.85 ± 0.95 1.61 ± 0.94 P = 0.40

APACHE II score 8 ± 4 7 ± 2 P = 4.23

Operation time (min) 101.5 ± 35.9 142.0 ± 69.4 P = 0.06

Blood loss (ml) 50.0 ± 47.1 90.0 ± 267.5 P = 0.57

Data are expressed as the mean ± SD
There were no statistically significant differences between the 2 groups

Table 3 Types of surgical procedure performed

0G group LG group

Cervical laminoplasty 3 Cervical laminoplasty 1

Lumbar partial laminectomy 1 Microendscopic lunbar
laminectomy

1

Discectomy 1 Lumbar posterior fusion 3

Total hip arthroplasty 2 Extreme lateraI interbody fusion 1

Mastectomy 3 Total hip arthroplasty 1

Skin malignant tumor resection 1 Mastectomy 1

Scar plasty 1 Patial mastectomy 1

Laryngomicrosurgery 1 Flap surgery 1

Dacryocystorhinostomy 1 Laryngomicrosurgery 1

Perineoplasty 1 Endoscopic sinus surgery 1

Adnexectomy+colpoplasty 1 Dacryocystorhinostomy 1

Tension-free vaginal tape 1

Closure of colostomy 1
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investigated basal β-cell function in 957 non-diabetic
European patients aged 18–85 years, reporting that aging
is associated with decreased basal insulin release [15].
Muzumdar et al. studied insulin secretion in rats aged
3–20 months, showing that glucose-stimulated insulin
secretion decreased with age in this in vivo model [16].
Reaven et al. studied glucose-stimulated insulin release
in β-cells of 2–18-month-old rats, demonstrating that
the aging process leads to defects in glucose-stimulated
insulin release from β-cells [25]. Therefore, the results
seen in our current and previous studies support the
data obtained by other groups indicating that aging is as-
sociated with impaired glucose-stimulated insulin
release.
Parsons et al. reported that acute hyperglycemia ad-

versely affects stroke outcome [26]. In the present study,
plasma glucose levels were higher in the LG group than

in the 0G group at 1 h and higher at 1 h and at the end
of surgery than at baseline in the LG group. However, as
the highest concentration of glucose in both groups was
156 mg/dl, none of the patients required intravenous in-
sulin. These results suggest that, even in elderly patients,
remifentanil-induced anesthesia may prevent hypergly-
cemia associated with low-dose glucose infusion.
Remifentanil-induced anesthesia decreases stress hor-

mones, such as ACTH and cortisol, and suppresses the
surgical stress response in adults [8–11]. Demirbilek
et al. compared the effects of remifentanil and alfentanil
as part of total intravenous anesthesia on plasma con-
centrations of cortisol, insulin, and glucose in patients
undergoing abdominal hysterectomy, demonstrating that
remifentanil-induced anesthesia was associated with de-
creased cortisol levels [8]. We previously reported that
anesthesia using remifentanil significantly decreases

Fig. 3 Plasma ACTH (a) and serum cortisol (b) concentrations in the 0G and LG groups prior to induction of anesthesia (base), at 1 h (1H) from
time 0, at the end of surgery (end), and on the next morning (next). *P < 0.05 versus baseline; #P < 0.05 between groups

Fig. 4 Plasma glucose (a) and serum insulin (b) concentrations in the 0G and LG groups prior to induction of anesthesia (base), at 1 h (1H) from
time 0, at the end of surgery (end), and on the next morning (next). *P < 0.05 versus baseline; #P < 0.05 between groups
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