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Early-stage postoperative depression ey

and anxiety following orthognathic surgery:
a cross-sectional study
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Abstract

Background The objective of this study was to observe the incidence and potential risk factors of postoperative
depression and anxiety in patients during the early period after undergoing orthognathic surgery.

Methods From March 7 to September 7, 2023, patients > 18 years of age who were scheduled for elective orthog-
nathic surgery under general anesthesia in Peking University School and Hospital of Stomatology were included

in this study. We prospectively evaluated their degrees of pre- and postoperative depression and anxiety using

the Patient Health Questionnaire-9 and the State Trait Anxiety Inventory. Associations between the perioperative fac-
tors and occurrences of postoperative anxiety and depression were evaluated using a multivariate logistic regression
model.

Results A total of 371 patients were included in the analysis. Within five days after surgery, we observed the occur-
rence of depression in 32% (116) of the patients and anxiety in 72.8% (270) of them. Their preoperative depression
score on the Pain Catastrophizing Scale and intraoperative urine output were significantly associated with a higher
risk of postoperative depression. The presence of preoperative anxiety, postoperative moderate-to-severe pain, post-
operative nausea and vomiting and postoperative insomnia were significantly associated with a higher risk of post-
operative anxiety. Furthermore, a monthly income > ¥10000 was found to be significantly associated with a lower risk
of postoperative anxiety.

Conclusions Postoperative depression and anxiety are common among patients who undergo orthognathic
surgery. Moreover, preoperative psychological status and incidence of postoperative adverse events were associated
with an increased risk of depression and anxiety after surgery. The results of the present study suggest that care-

ful psychological assessment and appropriate management are necessary to improve patients' recovery follow-

ing orthognathic surgery.
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Introduction

Orthognathic surgery affects the physical and mental
Dan Zhou and Li-Kuan Wang contributed equally to this work. health of patients. Mental health plays an important role
*Correspondence: in patient-reported outcomes and evaluating the psycho-
Xu-Dong Yang logical outcomes of patients undergoing orthognathic
kqyangxudong@163.com surgery requires an optimal recovery process. Postop-
! Department of Anesthesiology, Peking University Hospital ti licati d b ltivle fact
of Stomatology, No.22, Zhongguancun South Street, Haidian District, erative complica 19ns are cause Y mu 1ple Iac OI:S
Beijing 100081, China and mental status is one of them. Depression and anxi-

ety are the most prevalent mood disorders during the
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postoperative period and can influence the quality of the
surgical patient’s recovery.

Patients undergoing orthognathic surgery are thought
to be at high risk for depression and anxiety. How-
ever, studies investigating the postoperative psychoso-
cial status of patients, from a few weeks to several years
after they underwent orthognathic surgery [1] have
found improved mood and reduced anxiety in patients.
Among orthognathic surgical patients, long-term post-
operative changes in mental health were mainly due to
improvements in their appearance and living conditions.
However, during hospital stays, the surgical related path-
ogenic factors of psychological changes may be different
from those of the long-term psychological changes. Case
series and small cohort studies have reported mental dis-
tress, such as depression and anxiety, as complications
that occur during the postoperative period following
orthognathic surgery [2—4]. A semi-structured interview
of patients who underwent orthognathic surgery revealed
that patients might be depressed for a few days dur-
ing the immediate postoperative period [2]. Kiyak et al.
investigated the emotional aspects of patients undergo-
ing orthognathic surgery and reported an increase in
patients’ ratings of depression one day after the surgery
[5]. Chen et al. also found that the depression and anxi-
ety scores of the patients increased significantly following
surgery during their hospital stay [6]. Thus, depressive
and anxious episodes are complications of orthognathic
surgery, which merit further attention. However, psy-
chological distress in the form of anxiety and depression
after orthognathic surgery has not undergone a com-
prehensive investigation. Therefore, we conducted the
present study in order to provide insights into the psy-
chological care for the management of patients’ recovery
from orthognathic surgery. We primarily investigated
the incidences of depression and anxiety of patients
within 5 days after undergoing orthognathic surgery and
explored potential risk factors for postoperative depres-
sion and anxiety in this population.

Materials and methods

Participants

We included patients who were>18 years of age and
scheduled to undergo elective orthognathic surgery
under general anesthesia. Patients with a previous
diagnosis of a neurological or psychiatric illness were
excluded from the study. Written informed consent was
obtained from each patient.

Measurements and questionnaires

The Patient Health Questionnaire-9 (PHQ-9) was used to
assess depressive symptoms in participants at each test-
ing session. The PHQ-9 consists of nine questions, based
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on the criteria of the Fourth Edition of the Diagnostic and
Statistical Manual of Psychiatric Disorders (DSM-IV),
with a total possible score ranging from 0 to 27. A cut-off
score > 10 points was selected to indicate the occurrence
of depression [7].

Anxiety was assessed using the State Trait Anxiety
Inventory (STAI), which contains two parts: the STAI-
State (STAI-S) and STAI-Trait (STAI-T). Each inventory
consists of 20 questions and the total score of each scale
ranges from 20 to 80 points. A STAI-S score>40 points
indicates the presence of post-operative anxiety [8].

Preoperative insomnia was assessed using the Insom-
nia Severity Index (ISI) with scores ranging from 0 to 28;
a score higher than 14 indicates the presence of insom-
nia within one month [9]. Postoperative sleep quality was
assessed using the Richards-Campbell Sleep Question-
naire (RCSQ), which has a 0 to 100-point scale, with a
score <65 indicating the presence of insomnia [10].

Scores on the Pain Catastrophizing Scale (PCS) range
from 0 to 52, with a higher score indicating a more severe
level of catastrophizing pain. It is a 13-item self-report
measure of catastrophizing in the context of actual or
anticipated pain and consists of three subscales: rumina-
tion, magnification and helplessness [11].

Scores on the Orthognathic Quality of Life Question-
naire (OQLQ) range from 0 to 88 points, with a higher
score indicating a lower quality of life. The OQLQ con-
sists of 22 statements rated on a four-point scale of the
degree to which the issue addressed in the statement
bothers the respondent [12].

All of the survey questionnaires used in this study were
the Chinese versions, which have been found to be valid
and reliable in Chinese studies [9, 11-15].

Pain severity was assessed using an 11-point numeri-
cal rating scale (NRS). A score of 0 indicated no pain, >4
indicated moderate to severe pain and a score of 10 indi-
cated the worst possible pain.

We evaluated the postoperative nausea and vomiting
(PONYV) of patients using direct questioning. The level
of severity of nausea was assessed using the 11-point
NRS. Vomiting was diagnosed when patients retched or
expelled intragastric contents; PONV was defined as the
development of any nausea, retching or vomiting.

Data collection

On the day before the surgery, the research personnel
who underwent specialized training on the details and
steps involved in data collection, visited the patients.
Data were collected using two sets of questionnaires.
The first set contained demographic and morphometric
information, education, marital status, comorbidities,
occupation, income level, history of smoking and drink-
ing, history of surgery, and physical status classifications
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as measured by the American Society of Anesthesiolo-
gists (ASA) classification. The second set of question-
naires contained the PHQ-9, STALI, ISI, PCS and OQLQ.

On the day of surgery, patients were transferred to the
operating room without any premedication. Anesthe-
sia was provided in accordance with the routine prac-
tices of our medical center. Anesthesia was induced with
propofol, opioids and muscle relaxants, and then fol-
lowed by nasotracheal intubation. General anesthesia
was maintained with intravenous infusion of propofol
and remifentanil, with or without inhalational sevoflu-
rane. Other medications were given at the discretion of
the anesthesiologists. At the end of the surgery, the intra-
venous analgesia pump was attached and turned on for
use for 48h. The intraoperative data recorded by research
personnel included the duration of the anesthesia and
surgery, types and doses of anesthetics and other medica-
tions, and fluid balance.

After surgery, patients were transferred to the post-
anesthesia care unit (PACU) with nasal intubation.
Patients were extubated when they regained conscious-
ness, and had normal airway protective reflexes and sta-
ble circulatory status. The decision to transfer patients
from the PACU to general wards was made by attending
anesthesiologists. Usually, intermaxillary fixation with
screw and wire was not applied. Intermaxillary elastics
using rubber bands were employed to maintain correct
occlusion. Facial compression with packs was used dur-
ing the first two postoperative days. On postoperative
day 1, the intraoral wound drainage tubes were removed
and the patient was allowed to liberally consume liquid
and soft food.

For postoperative follow-up, a set of questionnaires,
including the PHQ-9 and STAI were administered to
assess depression and anxiety on postoperative days 1,
3 and 5. Another set of scales, including the NRS and
ISI, were administered to assess pain, nausea and vom-
iting, and sleep quality daily for five postoperative days.
On the fifth day after surgery, patients completed the
OQLQ questionnaire. Adverse events were monitored
for up to five days after surgery. Potential adverse events
included emergence agitation (Richmond Agitation-
Sedation Scale > +/2), hypertension (systolic blood pres-
sure >180 mm Hg or an increase of>30% from baseline
and requiring therapy for all adverse events listed), hypo-
tension (systolic blood pressure < 90 mm Hg or a decrease
of >30% from baseline), tachycardia (>100 beats/min
or an increase>30% from the baseline) and bradycardia
(<50 beats/min or a decrease >30% from the baseline).

Statistical analysis
No published studies have been conducted on in-
hospital postoperative depression and anxiety among
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orthognathic patients; therefore, no accurate estimates
of their prevalence have been reported. By using the fol-
lowing formula: N=Z2o(/2 P (1-P) /d? (N: minimum sam-
ple size; Z,: standard normal variable value at 95% CI; P:
population proportion; with d: a margin of error, 5%), the
calculated sample size required to detect a prevalence of
50% was 384 patients.

We complied with the STROBE guidelines using its
checklist to report this cross-sectional study. All sta-
tistical analyses were performed using the SPSS 21.0
software package (IBM SPSS Inc., Chicago, IL, USA).
Normally distributed continuous variables are described
as mean + SD, non-normally distributed continuous vari-
ables are described as median interquartile range IQR
and categorical variables are described as number (per-
centage). Missing data were not replaced. Univariate
logistic analyses were performed first to analyze the asso-
ciation between the perioperative variables and postop-
erative depression and anxiety. The quantitative variables
were not transformed to categorical variables. Independ-
ent variables with P<0.05 in the univariate analyses
were included in a multivariate regression model. We
utilized the backward stepwise method to delete those
variables that were not statistically significant. A P<0.05
was considered statistically significant in the multivariate
analyses.

Results

Preoperative and intraoperative variables

The 371 patients who underwent orthognathic surgery
between March 7, 2023, and September 7, 2023, were
included in the analysis (Fig. 1). The preoperative data
are presented in Table 1. The study sample consisted of
98 men (26.4%) and 273 women (73.6%), and the median
age was 25 (21, 29) years. The median BMI was 20.8
(19.0, 23.2 kg/m?). Most of the patients’ were of Han
nationality (92.2%) and had no religious beliefs (93.3%).
Forty-eight patients were married (12.9%) and 204
(55.0%) were employed. A large proportion of patients
(89.5%) had high school or postgraduate experiences.
Seventeen patients (4.6%) reported a smoking history
and eight (2.2%) had a drinking history. Approximately
45% of patients reported a monthly income of less than
¥2500. The physical status of 84.6% of the patients was
categorized as ASA class I. Twenty-one patients (5.7%)
had obstructive sleep apnea and 70 (18.9%) had a surgical
history.

Participants’ data from the preoperative questionnaires
are presented in Table 1. During the preoperative period,
34 (9.2%) patients had a PHQ-9 score>10. The median
scores of the STAI-S and STAI-T were 39 (33, 46) and 40
(34, 46) respectively, and 177 (47.7%) patients had STAI-S
scores equal to or higher than 40 points. The results of
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Assessed for eligibility (n=422)

<&

) (n=1)
l Diagnosed with an anxiety disorder (n=1)

Did not meet the age requirement (n=16)
Declined to participate (n=14)
Diagnosed with depression (n=6)

Diagnosed with obsessive-compulsive disorder

Enrolled (n=384)

Cancellation of the operation (n=5)
Loss to follow up (n=8)

A

Analyzed
Depression (n=363)
Anxiety (n=371)

Fig. 1 Flowchart of the selection of patients for the study

the ISI assessment indicated that 20 (5.4%) patients expe-
rienced insomnia one month before surgery. The median
IQRs of the OQLQ and PCS were 44 (28, 59) and 7 (2,
13), respectively.

As for the intraoperative data, 342 of the patients
(92.2%) underwent bi-maxillary surgery. The median
durations of the surgery and the anesthesia were 189
(152, 234) and 240 (200, 288) min, respectively. Informa-
tion regarding the intraoperative medications and fluid
balance are presented in Table 1.

Postoperative variables

Among the 371 participants, 85.2% received dexmedeto-
midine sedation in the post-anesthesia care unit. During
the five days after the surgery, the incidence of moderate-
to-severe pain and PONV were 51.6% and 66.8%, respec-
tively, and 94.6% of the patients experienced insomnia.
The incidence of moderate-to-severe pain, PONV and
insomnia during the different periods are presented in
Table 2. The median score of the OQLQ was 48 (32, 65).

Assessment of postoperative depression and anxiety
Within 5 days after the surgery, depression (a PHQ-9
score>10) occurred in 32% of patients (116/363), and
anxiety occurred in 72.8% of patients (270/371) with an
STAI-S score >40. The incidence of depression on post-
operative days 1, 3 and 5 was 22.2%, 9.1% and 17.1%,
respectively, and the incidence of anxiety on postopera-
tive days 1, 3 and 5 were 56.8%, 44.2% and 57.7%, respec-
tively (Table 3).

Multivariate logistic regression analysis of postoperative
depression

The univariate analyses identified 12 factors that were
potentially associated with the occurrence of depression
within five days following the surgery (P<0.05); there-
fore, these variables were included in the multivariate
logistic regression model (backward method). After cor-
recting for the confounding variables, three variables
were identified as independent predictors of postopera-
tive depression. The preoperative depression score on the
PCS and intraoperative urine output were significantly
associated with a higher risk of postoperative depres-
sion (preoperative depression: OR 4.582; 95% CI 1.911—
10.984; P=0.001; PCS: OR 1.032; 95% CI 1.000-1.065;
P=0.048; and intraoperative urine output: OR 1.001; 95%
CI1.000-1.002; P=0.008 (Table 4).

Multivariate logistic regression analysis of postoperative
anxiety

Twelve factors were identified in the univariate analyses
that were potentially associated with the occurrence of
postoperative anxiety (P<0.05), and they were included
in a multivariate logistic regression model (backward
method). Seven factors were identified as being inde-
pendent predictors of the occurrence of postoperative
anxiety. Patients’ preoperative anxiety (STAI-S>40),
score on the STAI-T, moderate-to-severe postoperative
pain, PONV, postoperative insomnia and OQLQ scores
were significantly associated with a higher risk of postop-
erative anxiety (preoperative anxiety: OR 3.392; 95% CI
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Table 1 Pre- and intraoperative data (N=371) Table 1 (continued)

Variable Total study Variable Total study

sample n(% or

IQR)

sample n(% or
IQR)

Preoperative data

Intraoperative data

Age (years) 25(21,29) Surgical procedures

Body mass index (kg/m?) 20.8(19.0, 23.2) Single-jaw surgery 29(7.8%)

Male 98(26.4%) Bimaxillary surgery 342(92.2%)

Han nationality 342(92.2%) Duration of surgery (min) 189(152, 234)

Religious beliefs 25(6.7%) Duration of anesthesia (min) 240(200, 288)

Marital status, married 48(12.9%) Intraoperative medications
Occupation Dexamethasone 272(73.3%)

Current student 167(45.0%) Tropisetron 67(18.1%)

Full-time employment 204(55.0%) Dose of sufentanil (ug) 30(25, 40)
Monthly income (RMB) Dose of remifentanil (mg) 2(1.6,2.8)
<2500 167(45.0%) Dezocine 168(45.3%)

2500-5500 40(10.8%) Flurbiprofen axetil 250(67.4%)

5500-10000 76(20.5%) Esketamine 63(17.0%)
>10,000 88(23.7%) Dexmedetomidine 197(53.1%)
Education level Intravenous fluids (ml) 1600(1600, 1600)

Junior college or below 39(10.5%) Infusion of hydroxyethyl starch 81(21.7%)

High school or postgraduate 332(89.5%) Blood loss (ml) 200(200,3 00)
Smoking 17(4.6%) Urine output (ml) 300(150, 500)
Drinking (alcohol) 8(2.2%) IQR Interquartile Range, ASA American Society of Anesthesiologists, IS/ Insomnia
Obstructive sleep apnea? 21(5.7%) Severity Index, OQLQ Orthognathic Quality of Life Questionnaire, PCS Pain
History of surgery 70(189%) iitxe:irophizing Scale, PHQ-9 Eati‘ent Health Questionnaire-9, STA/ State Trait

y Inventory, RMB Renminbi
Preoperative comorbidities 17(4.6%) 2 Obstructive sleep apnea was diagnosed by otolaryngologists using

Hypertension 5(1.3%) polysomnography

Diabetes 1(0.3%) b Insomnia Severity Index score > 14 on the day before surgery

Scoliosis 3(0.8%) ¢ Patient Health Questionnaire-9 score > 10 on the day before surgery

Hepatitis B 2(0.5%) d STAI-State score > 40 on the day before surgery

Anaphylactoid purpura 1(0.3%)

Phthisis 1(0.3%)

Chronic bronchitis 100.3%) 1.531-7.514; P=0.003; score on the STAI-T: OR 1.138;

Asthma 1(0.3%) 95% CI 1.077-1.202; P<0.001; postoperative moderate-

Atrial myxoma 1(0.3%) to-severe pain: OR 2.966; 95% CI 1.608-5.470; P<0.001;

Sjogren's syndrome 1(03%) PONV: OR 2.114; 95% CI 1.148-3.892; P=0.016; post-

Gout 1(0.3%) operative insomnia: OR 4.597; 95% CI 1.420-14.882;

Karman syndrome 1(0.3%) P=0.011; and score on the Quality-of-Life questionnaire:

ASA classification
|

314(84.6%)

OR 1.025; 95% CI 1.010-1.041; P<0.001). A monthly
income>¥10000 was significantly associated with a
lower risk of postoperative anxiety (OR 0.367; 95% CI

Il 57(15.3%)
Preoperative insomnia® 20(5.4%) 0.178-0.760; P=0.007) (Table 5).
Preoperative depression® 34(9.2%) . .
Preoperative anxiety? 177(47.7%) Discussion
Preoperative STAI-State score 3933, 46) This study investigated the prevalence and predictors of
Preoperative STAI-Trait score 40 (34, 46) postoperative depression and anxiety following orthog-
Preoperative OQLQ score 44(29, 59) nathic surgery during the early postoperative stage. To
(n=370) the best of our knowledge, this study is the most exten-
Preoperative PCS score 702,13) sive evaluation of this issue. An analysis of a large popu-

lation from a national database that underwent major
surgery showed that the incidence of new onset postop-
erative depression ranged from 6.8% to 18.8% and that
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Table 2 Postoperative data (N=371)

Variable Total study
sample
n(%)

Dexmedetomidine used in the post-anesthesia care unit 316(85.2%)

Moderate to severe pain within 5 days after surgery?
(n=366)

189(51.6%)

Nausea and vomiting within 5 days after surgery (n=371)  248(66.8%)
Insomnia within 5 days after surgery® (n=2369) 349(94.6%)
OQLQ score 5 days after surgery(score) (n=356) 48(32, 65)
In-hospital complications 66(17.8%)
Agitation® 46(12.4%)
Hypotension? 12(3.2%)
Bradycardia® 8(2.2%)
Hypertensionf 3(0.8%)

0QLQ Orthognathic Quality of Life Questionnaire

2 Score >4 on the Numerical Rating Scale at any time during the 5 days after
surgery

P Insomnia Severity Index score > 14 during the 5 days after surgery
¢ Defined as the Richmond Agitation-Sedation Scale > +2

9 Defined as a systolic blood pressure <90 mm Hg or a decrease > 30% from the
baseline measurement and requiring therapeutic intervention

¢ Defined as a heart rate < 50 beats min~" or a decrease of >30% from baseline
and requiring therapeutic interventions

f Defined as a systolic blood pressure > 180 mm Hg or an increase of >30% from
baseline and requiring therapeutic interventions

Table 3 Trial outcomes

Outcomes
Postoperative depression within 5 days after surgery? 116(32.0%)
(n=363)
Depression 1 day after surgery (n=370) 82 (22.2%)
Depression 3 days after surgery (n=363) 33(9.1%)
Depression 5 days after surgery(n=357) 61(17.1%)
Postoperative anxiety within 5 days after surgeryb (n=371) 270(72.8%)
Anxiety 1 day after surgery (n=368) 209(56.8%)
Anxiety 3 days after surgery (n=364) 161(44.2%)

Anxiety 5 days after surgery (n=359) 207(57.7%)

2 Patient Health Questionnaire-9 score > 10 points on the day before the surgery

b STAI-State score >40 points on the day before the surgery

the risk of postoperative depression differed by surgical
type [16]. However, no patients who underwent orthog-
nathic surgery were included in that study. In our study,
depression occurred in 32% of patients following orthog-
nathic surgery, suggesting that patients undergoing
orthognathic surgery are more susceptible to depression
and require more attention because of this.

Our study evaluated depression using the PHQ-9,
which is a frequently used tool in research and prac-
tice. A score of 10 or higher has a high sensitivity and
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specificity; therefore, a score of 10 is recommended as
the cut-off value for diagnosing depression. This tool is
widely used in perioperative assessments of depression
in surgical patients, including those undergoing orthog-
nathic surgery [7, 13]. Preoperative depression has been
found to be significantly associated with a higher risk of
postoperative depression in other surgical populations
[17].

Pain catastrophizing is defined as a fear appraisal of an
actual or anticipated pain experience, which is associ-
ated with a host of adverse clinical outcomes, independ-
ent of pain intensity [18]. Moreover, catastrophizing is
considered a determinant of symptoms of a wide range
of mental problems [19]. Several studies have found
an association between a higher score on the PCS and
depression in non-surgical patients. For example, high
levels of pain catastrophizing predicts more severe and
prolonged depressive symptoms in patients with whip-
lash injury disorders [20, 21]. Our study showed that
preoperative depression and pain catastrophizing were
independent risk factors for postoperative depression in
patients who underwent orthognathic surgery. Surpris-
ingly, a significant association was found between intra-
operative urine output and postoperative depression,
which warrants investigation to explain this association.

Patients who undergo orthognathic surgery show
higher levels of anxiety than people in the general popu-
lation do [22]. In our study, the total incidence of post-
operative anxiety was 72.8%. Given the large number of
orthognathic surgeries in China, attention should be
given to the care of anxious patients during their postop-
erative management after orthognathic surgery.

The level of trait anxiety influences the level of state
anxiety to a certain extent. Under stressful conditions,
patients with high levels of trait anxiety are more likely
to experience high levels of state anxiety. Our data show
that the STAI-T score was significantly associated with a
higher risk of postoperative anxiety. Carr et al. also found
that preoperative anxiety predicted early postoperative
anxiety [23]. We also found that patients with a high
monthly income were less likely to experience anxiety
after surgery. The association between income and post-
operative anxiety has been reported in previous studies
[24]. Expenditures for anesthesia, surgery and other types
of perioperative care are an economic burden for most
patients, unlike those with higher incomes.

Pain is common after orthognathic surgery and the
incidence of moderate-to-severe pain was high (51.6%) in
our sample. A cohort study reported that anxiety scores
were significantly higher in patients with anxiety about
postoperative pain than they were in patients without
pain-related anxiety [25]. Another study found a posi-
tive association of anxiety with acute postoperative pain
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Table 4 Multivariate logistic regression of postoperative depression

Bivariate analyses® Multivariate analyses®
OR Upper limit Lower limit P-value  OR Upper limit  Lower limit  P-value
of 95%Cl of 95%Cl of 95%Cl of 95%CI
Monthly income (RMB)
<2500 Reference
2500-5500 0.112 0.542 2.284 0.772 - - - -
5500-10000 0.531 0.283 0.995 0.048 - - - -
>10,000 0.729 0415 1.282 0.273 - - - -
Obstructive sleep apnea 0.211 0.048 0.920 0038 0242 0052 1.121 0.070
Preoperative insomnia 3.956 1.515 10.333 0.005 - - - -
Preoperative depression 7.265 3.267 16.157 <0.001 4.582 1911 10.984 0.001
Preoperative anxiety 2.326 1479 3.658 <0.001 1.635 0.965 2.771 0.068
Preoperative STAI-Trait score 1.065 1.036 1.094 <0.001 - - - -
Preoperative OQLQ score 1.016 1.005 1.028 0.006 - - - -
Preoperative PCS score 1.061 1.033 1.090 <0001  1.032 1.000 1.065 0.048
Intraoperative urine output (ml) 1.001 1.000 1.002 0.002  1.001 1.000 1.002 0.008
Postoperative moderate to severe pain 2.000 1.268 3.154 0.003 1566 0.941 2.606 0.085
PONV 1.781 1.087 2916 0.022 - - - -
Postoperative OQLQ score 1.020 1.009 1.032 <0.001 1.012 0.999 1.024 0.068

0QLQ Orthognathic Quality of Life Questionnaire, PCS Pain Catastrophizing Scale, PHQ-9 Patient Health Questionnaire-9, PONV Postoperative nausea and vomiting,
STAI State Trait Anxiety Inventory, RMB Renminbi

?Variables with P<0.05 in the bivariate analyses that were included in the multivariate model

b Backward logistic regression

Table 5 Multivariate logistic regression of postoperative anxiety

Bivariate analysis® Multivariate analysis®
OR Upper limit  Lower limit  P-value OR Upper limit  Lower limit  P-value
of 95%Cl of 95%Cl of 95%Cl of 95%Cl
Marital status(unmarried) 0519 0.276 0.976 0.042 - - - -
Monthly income (RMB)
<2500 Reference
2500-5500 2278 0.837 6.199 0.107 2142 0599 7.660 0.241
5500-10000 0976 0.521 1.828 0940 0826 0372 1.832 0.637
>10,000 0470 0.271 0816 0.007 0367 0.178 0.760 0.007
Preoperative insomnia 7.570 1.000 57.303 0.050 - - - -
Preoperative depression 6.655 1.565 28307 0.010 - - - -
Preoperative anxiety 9.467 5119 17.507 <0001 3392 1.531 7514 0.003
Preoperative STAI-Trait score 1.176 1.128 1.225 <0.001 1.138 1.077 1.202 <0.001
Preoperative OQLQ score 1.028 1.016 1.041 <0.001 - - - -
Preoperative PCS score 1.068 1.031 1.106 <0.001 - - - -
Postoperative moderate to severe pain 2.879 1.776 4667 <0.001 2966 1.608 5470 <0.001
Postoperative nausea and vomiting 1.866 1.163 2994 0010 2114 1.148 3.892 0.016
Postoperative insomnia 5.593 2.162 14.466 <0.001 4597 1420 14.882 0.011
Postoperative OQLQ score 1.032 1.020 1.044 <0.001 1.025 1.010 1.041 0.001

0QLQ Orthognathic Quality of Life Questionnaire, PCS Pain Catastrophizing Scale, PHQ-9 Patient Health Questionnaire-9, PONV postoperative nausea and vomiting,
STAI State Trait Anxiety Inventory, RMB Renminbi

Variables with P<0.05 in the bivariate analysis were included in the multivariate model

b Backward logistic regression
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in patients who underwent major gynecological surgery
[23]. We also identified postoperative moderate-to-
severe pain following orthognathic surgery as an inde-
pendent risk factor for anxiety. More importantly, a link
between mood disorders and acute pain has been found
to be significant and bi-directional, with both of them
acting as risk factors for one another [26]. Perioperative
anxiety is associated with the severity of augmented pain
[27, 28]; therefore, an effective analgesic strategy is cru-
cial for both pain control and the psychological manage-
ment of patients undergoing orthognathic surgery.

The most frequent complication after orthognathic
surgery is PONV, with an incidence of up to 78% [29].
Consistent with these results, 66.8% of patients in our
study experienced PONV. A survey of patients following
general anesthesia and surgery reported that, compared
to their pain and decreased mental alertness, PONV was
the most undesirable complication during postoperative
recovery [30]. Among the patients who reported anxiety
in a study by Bello et al,, fear of developing PONV was
the most reported cause of anxiety [31]. Our study found
a positive association between PONV and postopera-
tive anxiety. Although PONV is regarded as a short-lived
and nonfatal complication, it may be life threatening to
patients after orthognathic surgery, because of maxillo-
mandibular elastic tractions, facial swelling and pain may
affect mouth opening, which increases the risk of aspira-
tion and leads to asphyxia. A patient who underwent a
LeFort I osteotomy in one study vomited during the first
postoperative night and suffocated because of the man-
dibulomaxillary fixation, which finally led to cerebral
hypoxia [32]. Thus, the patients’ anxiety was derived from
the uneasiness and apprehension of nausea and vomiting.

We found a high prevalence of insomnia among
patients following orthognathic surgery. Sleep is essen-
tial for regulating the metabolism of the brain and mood
[33]. Preclinical studies have reported findings that sleep
deprivation causes anxiety-like behaviors in animals [34,
35]. A study on the postoperative sleep quality of patients
who underwent a flap transfer for head and neck sur-
gery revealed that anxiety was significantly associated
with postoperative insomnia [36]. Our study showed that
postoperative insomnia was associated with a 4.6-fold
increased risk of anxiety following orthognathic surgery.
These relationships between anxiety and insomnia fol-
lowing surgery suggest that attention should be paid to
the quality of sleep postoperatively, not only to amelio-
rate insomnia, but also to improve the patient’s mental
and emotional recovery.

The OQLQ is a well-established instrument for evalu-
ating the quality of life of patients with dento-facial
deformities, and it is one of the most frequently used
questionnaires for evaluating the quality of life of patients
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undergoing orthognathic surgery. Although patients usu-
ally report a higher level of quality of life than the level
they had before the surgery [37], facial swelling, pain,
restricted mouth opening and diet restrictions during the
early postoperative stage can lead to a decrease in qual-
ity of life. A lower quality of life has been reported to be
associated with psychological distress (including anxiety)
in other populations [38, 39]. Similarly, our study found
a positive association between a lower quality of life and
risk of anxiety in patients following orthognathic surgery.

The results of the present study showed that the pres-
ence of preoperative psychological symptoms could
increase the incidence of postoperative psychological
symptoms among patients undergoing orthognathic
surgery. Furthermore, a high incidence of postoperative
psychological symptoms, which was observed in patients
who underwent orthognathic surgery was associated
with an increased risk of several postoperative adverse
events. These findings demonstrated that psychological
symptoms were not only related to patient satisfaction,
but also to clinical outcomes. Based on our findings, we
advocate a thorough preoperative interview that includes
enquiring about patients’ financial situations and con-
ducting assessments of their emotional status, which
can be useful for identifying patients at high risk for
postoperative depression and anxiety. During the post-
operative period, multiple strategies, such as the use of
multimodal analgesia (e.g., the combined use of opioids
and non-steroidal anti-inflammatory drugs or use of a
nerve block or other medication), the administration of
antiemetics to prevent PONV and improve sleep quality
through nonpharmacological and pharmacological inter-
ventions could be used to benefit patients by improving
psychological outcomes. Due to the high incidences of
postoperative depression and anxiety, perioperative care
involving clinical psychologists or psychiatrists should
be included as an ancillary treatment with maxillofacial
surgeons.

This study has some limitations. First, due to the nature
of cross-sectional studies, it is impossible to determine
causal relationships between perioperative factors and
depression and anxiety and their underlying mecha-
nisms. Second, we excluded patients with a self-reported
history or a clinical diagnosis of a neurological or psychi-
atric illness. Not every patient who is screened undergoes
psychiatric and neurological examinations in cross-sec-
tional studies. This information might be overlooked or
hidden without a prior diagnosis by a specialist, and thus
cause bias. Third, the reliance on self-report instruments,
albeit validated, might lead to self-report biases. Fourth,
the exclusion of patients diagnosed with neuropsychiat-
ric disorders from the study might result in an underes-
timation of the prevalence of depression and anxiety in
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the general population. Last, this study was conducted at
a single institution, which might limit the generalizability
of our findings.

Conclusion

In this prospective cross-sectional study, we found that
postoperative depression and anxiety were common
among patients who underwent orthognathic surgery.
Moreover, the preoperative psychological status and inci-
dence of postoperative adverse events was associated
with an increased risk of depression and anxiety after the
surgery. Therefore, the results of the present study sug-
gest that careful psychological assessments and appro-
priate management (e.g., multiple strategies during both
pre- and postoperative periods) are necessary to improve
patients’ recovery following orthognathic surgery.

Abbreviations

PHQ-9  Patient Health Questionnaire-9

DSM-IV  Diagnostic and Statistical Manual of Psychiatric Disorders
STAI State Trait Anxiety Inventory

STAI-S State Trait Anxiety Inventory-State

STAI-T State Trait Anxiety Inventory-Trait

ISI Insomnia Severity Index

RCSQ Richards-Campbell Sleep Questionnaire
PCS Pain Catastrophizing Scale

0oQLQ Orthognathic Quality of Life Questionnaire
NRS Numerical rating scale

PONV Postoperative nausea and vomiting

ASA American Society of Anesthesiologists

IQR Interquartile Range

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512871-024-02726-z.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements
Li-Kuan Wang would like to thank Dr. Miao Liu for her generous support of this
project.

Authors’ contributions

DZ contributed to conceive and design the study, data acquisition and inter-
pretation, drafted the manuscript. LKW contributed to conceive and design
the study, data acquisition and interpretation, drafted the manuscript. HYW
contributed to conceive and design the study, data acquisition. LG contrib-
uted to conceive and design the study, data acquisition. XDY contributed

to conceive and design the study, interpretation and critically revised the
manuscript. All authors gave their final approval and agree to be accountable
for all aspects of the work.

Funding

This work was supported by the Research Foundation of Peking University
School and Hospital of Stomatology (grant number PKUSS20180204 to Dan
Zhou).

Availability of data and materials
The datasets generated and/or analyzed during the current study will be avail-
able from the corresponding author on a reasonable request.

Page 9 of 10

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from the Biomedical Ethics Committee of
Peking University Hospital of Stomatology (Number: PKUSSIRB-202281155) on
November 15,2022. Written informed consent was obtained from all partici-
pants prior to their involvement in the study.

Consent for publications
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 2 April 2024 Accepted: 12 September 2024
Published online: 28 September 2024

References

1. Liddle MJ, Baker SR, Smith KG, Thompson AR. Psychosocial Outcomes in
Orthognathic Surgery: A Review of the Literature. Cleft Palate Craniofac J.
2015;52:458-70.

2. StewartTD, Sexton J. Depression: a possible complication of orthog-
nathic surgery. J Oral Maxillofac Surg. 1987,45:847-51.

3. FrostV, Peterson G. Psychological aspects of orthognathic surgery:
how people respond to facial change. Oral Surg Oral Med Oral Pathol.
1991,71:538-42.

4. Basso IB, Gongalves FM, Martins AA, Schroder AGD, Taveira KVM,
Stechman-Neto J, et al. Psychosocial changes in patients submitted to
orthodontic surgery treatment: a systematic review and meta-analysis.
Clin Oral Investig. 2022;26:2237-51.

5. Kiyak HA, McNeill RW, West RA. The emotional impact of orthognathic
surgery and conventional orthodontics. Am J Orthod. 1985;88:224-34.

6. Chen B, Zhang Z, Wang X. Psychosomatic Symptoms after Orthognathic
Surgery. Chin Ment Health J. 2003;17:150-2.

7. Negeri ZF, Levis B, Sun Y, He C, Krishnan A, Wu Y, et al. Depression
Screening Data (DEPRESSD) PHQ group. Accuracy of the Patient Health
Questionnaire-9 for screening to detect major depression: updated
systematic review and individual participant data meta-analysis. BMJ.
2021;375:n2183.

8. Karabatzakis M, Den Oudsten BL, Gosens T, De Vries J. Psychometric
properties of the psychosocial screening instrument for physical trauma
patients (PSIT). Health Qual Life Out. 2019;17:172-85.

9. YuDS. Insomnia Severity Index: psychometric properties with Chinese
community-dwelling older people. J Adv Nurs. 2010;66:2350-9.

10. Rollo E, Della Marca G, Scala |, Buccarella C, Rozera T, Vollono C, et al. Vali-
dation Study of the Richards-Campbell Sleep Questionnaire in Patients
with Acute Stroke. J Pers Med. 2022;12:1473-83.

11. Xu X, Wei X, Wang F, Liu J, Chen H, Xiong Y, et al. Validation of a Simplified
Chinese Version of the Pain Catastrophizing Scale and an Exploration of
the Factors Predicting Catastrophizing in Pain Clinic Patients. Pain Physi-
cian. 2015;18:E1059-72.

12. Xue Z, Ma X, Liu X, Wang X, Li Z. The Chinese version of Orthognathic
Quiality of Life Questionnaire (OQLQ-C): translation, reliability, and validity.
Clin Oral Investig. 2021;25:1497-503.

13. Zhang YL, Liang W, Chen ZM, Zhang HM, Zhang JH, Weng XQ, et al. Valid-
ity and reliability of Patient Health Questionnaire-9 and Patient Health
Questionnaire-2 to screen for depression among college students in
China. Asia Pac Psychiatry. 2013;5:268-75.

14. HanY, Fan J,Wang X, Xia J, Liu X, Zhou H, et al. Factor Structure and Gen-
der Invariance of Chinese Version State-Trait Anxiety Inventory (FormY) in
University Students. Front Psychol. 2020;11:2228.

15. Hu RF, Jiang XY, Hegadoren KM, Zhang YH. Effects of earplugs and eye
masks combined with relaxing music on sleep, melatonin and cortisol
levels in ICU patients: a randomized controlled trial. Crit Care. 2015;19:115.

16. Darnall BD, Sturgeon JA, Cook KF, Taub CJ, Roy A, Burns JW, et al.
Development and Validation of a Daily Pain Catastrophizing Scale. J Pain.
2017;18:1139-49.


https://doi.org/10.1186/s12871-024-02726-z
https://doi.org/10.1186/s12871-024-02726-z

Zhou et al. BMC Anesthesiology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

(2024) 24:338

Mashour GA, Ben Abdallah A, Pryor KO, El-Gabalawy R, Vlisides PE,
Jacobsohn E, et al. PODCAST research group. Intraoperative ketamine for
prevention of depressive symptoms after major surgery in older adults:
an international, multicentre, double-blind, randomised clinical trial. Br J
Anaesth. 2018;121:1075-83.

Vervoort T, Goubert L, Eccleston C, Bijttebier P, Crombez G. Catastrophic
thinking about pain is independently associated with pain severity,
disability, and somatic complaints in school children and children with
chronic pain. J Pediatr Psychol. 2006;31:674-83.

Gellatly R, Beck AT. Catastrophic Thinking: A Transdiagnostic Process
Across Psychiatric Disorders. Cogn Ther Res. 2016;40:441-52.

Paré C, Yamada K, Sullivan MJL. Temporal Relations Between Pain
Catastrophizing and Adverse Health and Mental Health Outcomes After
Whiplash Injury. Clin J Pain. 2024;40:10-7.

Nieto R, Miré J, Huguet A, Saldafa C. Are coping and catastrophising
independently related to disability and depression in patients with whip-
lash associated disorders? Disabil Rehabil. 2011;33:389-98.

Brucoli M, Zeppegno P, Benech R, Boffano P, Benech A. Psychodynamic
Features Associated With Orthognathic Surgery: A Comparison Between
Conventional Orthognathic Treatment and “Surgery-First” Approach. J
Oral Maxillofac Surg. 2019;77:157-63.

Carr EC, Nicky Thomas V, Wilson-Barnet J. Patient experiences of anxiety,
depression and acute pain after surgery: a longitudinal perspective. Int J
Nurs Stud. 2005;42:521-30.

SU YR, Yu XP, Huang LQ, Xie L, Zha JS. Factors influencing postoperative
anxiety and depression following lodine-131 treatment in patients with
differentiated thyroid cancer: A cross-sectional study. World J Psychiatry.
2023;13:486-94.

Celik F, Edipoglu IS. Evaluation of preoperative anxiety and fear of anes-
thesia using APAIS score. Eur J Med Res. 2018;23:41-51.

Michaelides A, Zis P. Depression, anxiety and acute pain: links and man-
agement challenges. Postgrad Med. 2019;131:438-44.

ZhuQQ, Qu L, SuT, Zhao X, Ma XP, Chen Z, et al. Risk Factors of Acute
Pain in Elderly Patients After Laparoscopic Radical Resection of Colorectal
Cancer. Surg Laparosc Endosc Percutan Tech. 2023;34(1):43-7. https://doi.
org/10.1097/SLE.0000000000001254.

Deniz Dogan S, Yurtseven §, Arslan S. The Effect of Preoperative Pain,
Fear, and Anxiety on Postoperative Pain in Urological Surgery Patients: A
Descriptive and Correlational Study. J Perianesth Nurs. 2023;39(2):202-6.
$1089-9472(23)00886.

Ghosh S, Rai KK, Shivakumar HR, Upasi AP, Naik VG, Bharat Al. Incidence
and risk factors for postoperative nausea and vomiting in orthognathic
surgery: a 10-year retrospective study. J Korean Assoc Oral Maxillofac
Surg. 2020;46:116-24.

Lehmann M, Monte K, Barach P, Kindler CH. Postoperative patient com-
plaints: a prospective interview study of 12,276 patients. J Clin Anesth.
2010;22:13-21.

Bello C, Nuebling M, Koster KL, Heidegger T. Patient-reported periop-
erative anaesthesia-related anxiety is associated with impaired patient
satisfaction:a secondary analysis from a prospective observational study
in Switzerland. Sci Rep. 2023;13:16301.

Kramer FJ, Baethge C, Swennen G, Teltzrow T, Schulze A, Berten J, et al.
Intra- and perioperative complications of the LeFort | osteotomy: a
prospective evaluation of 1000 patients. J Craniofac Surg. 2004;15:971-7.
Nabaee E, Kesmati M, Shahriari A, Khajehpour L, Torabi M. Cognitive and
hippocampus biochemical changes following sleep deprivation in the
adult male rat. Biomed Pharmacother. 2018;104:69-76.

Manchanda S, Singh H, Kaur T, Kaur G. Low-grade neuroinflammation
due to chronic sleep deprivation results in anxiety and learning and
memory impairments. Mol Cell Biochem. 2018;449:63-72.

LiuH, Huang X, LiY, Xi K, Han Y, Mao H, et al. TNF signaling pathway-medi-
ated microglial activation in the PFC underlies acute paradoxical sleep
deprivation-induced anxiety-like behaviors in mice. Brain Behav Immun.
2022;100:254-66.

Wang SJ, Shen SY, Lin B, Wang F, Yang HY. Factors affecting postopera-
tive sleep quality of patients undergoing flap transfer for head and neck
reconstruction. Oral Oncol. 2022;127:105804.

Baillie J. Haemorrhage from oesophageal varices. Trop Doct.
1987;17:97-8.

38.

39.

Page 10 of 10

LiY, Jiang Q, JiY, Cao C. Anxiety and depression may associate with
poorer control and quality of life in adults with asthma. Allergy.
2020;75:1759-62.

Bujang MA, Musa R, Liu WJ, Chew TF, Lim CT, Morad Z. Depression, anxi-
ety and stress among patients with dialysis and the association with qual-
ity of life. Asian J Psychiatr. 2015;18:49-52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1097/SLE.0000000000001254
https://doi.org/10.1097/SLE.0000000000001254

	Early-stage postoperative depression and anxiety following orthognathic surgery: a cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Participants
	Measurements and questionnaires
	Data collection
	Statistical analysis

	Results
	Preoperative and intraoperative variables
	Postoperative variables
	Assessment of postoperative depression and anxiety
	Multivariate logistic regression analysis of postoperative depression
	Multivariate logistic regression analysis of postoperative anxiety

	Discussion
	Conclusion
	Acknowledgements
	References


