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Abstract: [Objective] To compare the incidence of postoperative shivering between female patients undergoing
gynecological and general surgery and to examine perioperative factors associated with postoperative shivering. [ Methods ]
This retrospective study included 12 186 patients who underwent gynecological or general surgery between January 1,

2022, and March 15, 2024, of whom 10 884 female patients constituted the primary analysis population. Among the
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female patients, 1: 1 nearest-neighbor propensity score matching was performed using a caliper of 0.02 on the raw
propensity score scale, with exact matching on American Society of Anesthesiologists (ASA) physical status. After
matching, the incidence of postoperative shivering was compared using the McNemar test. Conditional logistic regression
stratified by matched pair was used to assess the associations of surgical categories and perioperative factors with
postoperative shivering. [ Results] Before propensity score matching, the incidences of postoperative shivering were 2.98%
(28/940) in the general surgery group and 4.94% (491/9 944) in the gynecological surgery group (P=0.007). After
matching, 881 matched pairs were obtained, and the absolute standardized mean differences (SMDs) for all covariates
were < 0.10. The incidences of postoperative shivering were 3.06% (27/881) in the general surgery group and 4.99% (44/
881) in the gynecological surgery group. The McNemar test without continuity correction yielded P=0.044, whereas the
exact McNemar test showed a P value of 0.057. Unifactorial conditional logistic regression showed that gynecological
surgery was associated with higher odds of postoperative shivering than general surgery [odds ratio (OR)=1.63, 95%
confidence interval (CI) : 1.01-2.63, P=0.046]. However, the association was not statistically significant in the
multifactorial conditional logistic regression [adjusted odds ratio (aOR)=1.62, 95%CI: 0.78-3.37, P=0.197]. Each 30~
min increase in the duration of surgery was associated with 32% higher odds of postoperative shivering (aOR=1.32,
95%CI: 1.07-1.62, P=0.009). Each 1 °C increase in the minimum intraoperative hody temperature was associated with
lower odds of postoperative shivering, although the association did not reach statistical significance (aOR=0.32, 95%CI:
0.10-1.02, P=0.053).[Conclusion] After propensity score matching, the incidence of postoperative shivering was higher
among female patients undergoing gynecological surgery than among those undergoing general surgery ; however, neither
the exact comparison nor the adjusted association reached statistical significance. A longer duration of surgery was
associated with higher odds of postoperative shivering, whereas a higher minimum intraoperative body temperature may be
associated with lower odds.
Key words: postoperative shivering; gynecological surgery; general surgery; propensity score matching; duration of
surgery
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Patients assessed for eligibility Patients excluded (n = 653):

(history of psychiatric or

psychological disorders (n =
49); NYHA >III (n = 108);

Pl ASA > IV (n = 43); and
missing outcome data (n =
453).)

'

General surgery patients
n=2242

Male patients
excluded
n=1302

A

A4

Female general
surgery patients
n=940

}

Gynecological surgery patients
n=9944

> All patients were
female

A 4

Female gynecological
surgery patients
n=9944

l

1:1 propensity score matching
Nearest-neighbor matching
without replacement

|

Matched cohort: 881 pairs

| n=1762

Comparison of postoperative
shivering
McNemar test and conditional
logistic regression

]

Analysis of factors associated with
postoperative shivering

n: number of patients; NYHA: New York Heart Association; ASA: American Society of Anesthesiologists.

1 FRSTX &R O 15 R A 1o 1 3 43 O A 37 72

Fig.1 Flowchart of patient selection
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Table 1 Baseline characteristics and incidence of postoperative shivering among all included patients undergoing

gynecological or general surgery [n,(x +s),n(%)]
el ks Comml ey Cymesallygien] enoges Nz P SMD
Total 2242 9944
Agelyear 54 + 14 43 + 12 1=-36.448 <0.001 0.882
Sex X’=6 465.604 <0.001 1.664
Male 1302 (58.1) 0 (0.0)
Female 940 (41.9) 9 944 (100.0)

Body weight/kg 61.9+11.3 57.1+9.1 t=—18.681 <0.001 0.465
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Variables General surgery Gynecological surgery 7 P SMD
BMI/(kg-m™2) 22.9 +3.4 22.8+3.5 1==2.164 0.031 0.050
Obesity 155 (6.9) 729 (7.3) X°=0.474 0.491 0.016
Smoking or alcohol history 468 (20.9) 58 (0.6) x’=1823.805 <0.001 0.694
History of stroke 45 (2.0) 53 (0.5) X=49.838 <0.001 0.132
Coronary heart disease 117 (5.2) 97 (1.0) X=190.916 <0.001 0.247
Diabetes mellitus 290 (12.9) 375 (3.8) X’=297.779 <0.001 0.336
Hypertension 469 (20.9) 1,014 (10.2) X’=196.761 <0.001 0.299
Other comorbidities 23 (1.0) 253 (2.5) X’=19.054 <0.001 0.115
ASA physical status X’=1319.494 <0.001 0.781

I 73 (3.3) 1245 (12.5)

I 1300 (58.0) 7771 (78.1)

il| 869 (38.8) 928 (9.3)
Glucose/(mmol - L") 4.8 (4.4,5.4) 46 (43,52) 7=-9.638 <0.001 0.195
ALT/(U-L™) 23.0 (15.0, 38.0) 14.0 (10.0, 19.0) 7=-33.854 <0.001 0.529
AST/(U-L™") 25.0 (20.0, 35.0) 19.0 (16.0, 23.0) 7=-31.596 <0.001 0.506
Cr/(pwmol - L") 72.0 (60.0, 84.0) 58.0 (52.0, 65.0) 7=-37.837 <0.001 0.445
Hb/(g-17") 130+ 18 118 + 18 1=-28.687 <0.001 0.674
Postoperative shivering 97 (4.33) 491 (4.94) X’=1.488 0.223 —

Data are presented as mean + standard deviation, median (interquartile range, IQR), or n (% ). Group comparisons used the Welch ¢ test,

Mann—Whitney U test, Pearson ) test, or Fisher exact test, as appropriate. General surgery was the reference for the crude OR of postoperative shiver-

ing (OR=1.15, 95%CI: 0.92-1.44; P=0.223). The signs of the ¢ and Z statistics represent gynecological surgery minus general surgery. BMI: body

mass index; ASA: American Society of Anesthesiologists; ALT: alanine aminotransferase; AST: aspartate aminotransferase; Hb: hemoglobin; Cr:

creatinine; SMD: standardized mean difference; OR: odds ratio; CI: confidence interval.
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Table 2 Baseline characteristics of female patients before and after propensity score matching

[(+s),n(%)]

Before propensity score matching

Variables General surgery(n=940) Gynecological surgery (n=9 944) SMD
Agelyear 53+ 14 43£12 0.748
Body weight/kg 559+9.1 57.1£9.1 0.131
BMI/(kg-m™) 225+34 228+35 0.083
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Before propensity score matching
Obesity 58 (6.2) 729 (7.3) 0.046
Smoking or alcohol history 12 (1.3) 58 (0.6) 0.072
History of stroke 15 (1.6) 53 (0.5) 0.104
Coronary heart disease 32(3.4) 97 (1.0) 0.167
Diabetes mellitus 104 (11.1) 375 (3.8) 0.281
Hypertension 159 (16.9) 1014 (10.2) 0.197
Other comorbidities 14 (1.5) 253 (2.5) 0.075
ASA physical status 0.604

I 39 (4.1) 1245 (12.5)

II 613 (65.2) 7771 (78.1)

il| 288 (30.6) 928 (9.3)
Glucose/(mmol - 1™!) 4.8 (4.4,54) 4.6 (4.3,5.2) 0.172
Hb/(g-1™") 122 + 15 118 + 18 0.218
ALT/(U-L™) 17.0 (12.0, 30.0) 14.0 (10.0, 19.0) 0.417
AST/(U-L™) 22.0 (18.0, 30.0) 19.0 (16.0, 23.0) 0.385
Cr/(pmol - L") 60.0 (53.0, 66.0) 58.0 (52.0, 65.0) 0.051
After propensity score matching
Variables General surgery(n=881) Gynecological surgery (n=881) SMD
Agelyear 52+ 14 53+ 15 0.034
Body weight/kg 56.2+8.9 55.7 9.0 0.047
BMI/(kg-m™2) 22,6 +3.3 22.5+33 0.009
Obesity 55(6.2) 51 (5.8) 0.019
Smoking or alcohol history 9 (1.0) 7(0.8) 0.024
History of stroke 14 (1.6) 12 (1.4) 0.019
Coronary heart disease 26 (3.0) 30 (3.4) 0.026
Diabetes mellitus 93 (10.6) 100 (11.4) 0.025
Hypertension 151 (17.1) 139 (15.8) 0.037
Other comorbidities 13 (1.5) 15 (1.7) 0.018
ASA physical status 0.000

I 39 (4.4) 39 (4.4)

Il 595 (67.5) 595 (67.5)

I} 247 (28.0) 247 (28.0)
Glucose/(mmol - L™!) 4.8 (4.4,54) 4.8 (4.4,54) 0.032
Hb/(g-L™") 122 + 15 123 + 16 0.067
ALT/(U-L™) 16.0 (12.0, 26.0) 16.0 (12.0, 24.0) 0.079
AST/(U-L™) 21.0 (18.0, 28.0) 21.0 (17.0, 27.0) 0.069
Cr/(pmol - L) 60.0 (53.0, 66.0) 59.0 (53.0, 67.0) 0.045

Data are presented as mean + standard deviation, median (interquartile range, IQR), or n (%). An absolute SMD < 0.10 indicated adequate bal-
ance. PSM used 1: 1 nearest—neighbor matching without replacement (raw—scale caliper, 0.02) , with exact matching on ASA physical status. BMI:
body mass index; ASA: American Society of Anesthesiologists; ALT: alanine aminotransferase; AST: aspartate aminotransferase; Hb: hemoglobin;

Cr: creatinine; SMD: standardized mean difference; PSM: propensity score matching.
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Absolute standardized mean difference

Points represent absolute SMDs before and after PSM; dashed lines indicate O and the 0.10 balance threshold. Body weight and obesity were

additional balance variables; age—squared and BMI-squared terms were included in the propensity score model. SMD: standardized mean difference;

PSM: propensity score matching; ASA: American Society of Anesthesiologists; ALT: alanine aminotransferase; AST: aspartate aminotransferase; Hb:

hemoglobin; BMI: body mass index; Cr: creatinine.
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Fig. 2 Love plot of covariate balance before and after propensity score matching
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Table 3 Comparison of the incidence of postoperative shivering before and after propensity score matching in female

patients [n/N(%) ]
Outcomes Before matching After matching
General surgery 28/940 (2.98) 27/881 (3.06)
Gynecological surgery 491/9 944 (4.94) 44/881 (4.99)
Absolute incidence difference/percentage points 1.96 1.93
Test statistic X’=7.257 McNemar x*=4.070
P 0.007 0.044
OR (95%CI) — 1.63 (1.01-2.63)

The absolute incidence difference was calculated as gynecological minus general surgery. P values were obtained using the Pearson x* test be-
fore matching and the asymptotic McNemar test without continuity correction after matching (exact McNemar P=0.057). The OR was estimated us-
ing conditional logistic regression stratified by matched pair (general surgery reference; P=0.046). OR: odds ratio; CI: confidence interval. n:

number of patients with postoperative shivering; /N: total number of patients.

w e, FATRE A T 261 Logistic [958 B4 i LMK R BRI T 2K T 1.10 ~ 2.65,
SO, BT TE HCS, R B S s . R i ?E%Zfﬂﬁiﬁi/vﬁf o SIS, TR [E] Y
{IRENTTITI L SWAN= 98 BN |11 It/ @ T§: DL Y/ i3 ROV 7 18] S G5 NS E , AR SR fE A A
BTG L (B P>0.05) , A & W] . HE SR LIRS SRS X BV B B U

®4 RERLMEEZFREZRBEXERNAEES EERFZMH Logistic T4
Table 4 Unifactorial and multifactorial conditional Logistic regression analyses of factors associated with

postoperative shivering in matched female patients

ol Unifactorial analysis Multifactorial analysis

OR (95% C1) P Adjusted OR (95% CI) P
Gynecological vs. general surgery 1.63 (1.01-2.63) 0.046 1.62 (0.78-3.37) 0.197
Intraoperative flurbiprofen axetil (yes vs. no) 0.46 (0.22-0.94) 0.032 0.45 (0.17-1.20) 0.111
Intraoperative dopamine (yes vs. no) 4.50 (0.97-20.83) 0.054 — —
Minimum body temperature/per 1 °C increase 0.25 (0.11-0.56) <0.001 0.32 (0.10-1.02) 0.053
Mean body temperature/per 1 “C increase 0.25 (0.11-0.60) 0.002 = =
Total fluid intake/per 500 mL increase 1.23 (1.05-1.44) 0.009 0.93 (0.69-1.26) 0.642
Colloid volume/per 500 mL increase 1.42 (1.01-2.01) 0.045 — —
Duration of surgery/per 30 min increase 1.31 (1.15-1.50) <0.001 1.32 (1.07-1.62) 0.009
Urinary catheterization (yes vs. no) 3.43 (1.48-7.96) 0.004 — —

Conditional logistic regression was stratified by matched pair. The final multifactorial model included gynecological surgery, intraoperative
flurbiprofen axetil, minimum body temperature, total fluid intake, and duration of surgery. Effect units were 1 °C for temperatures, 500 mL for flu-

id variables, and 30 min for surgery duration. OR: odds ratio; CI: confidence interval.

3 W% BB FE ARG IR E AN . VERLS , OBk
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