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Tak Kyu Oh1, Kwanmien Kim2, Sanghoon Jheon2, Hei-jin Lee1, and
Sang-Hwan Do1
Departments of 1Anesthesiology and Pain Medicine, 2Thoracic Surgery, Seoul National University Bundang
Hospital, Seongnam, Korea

Background: Cholesterol plays an important role in the action of opioid analgesics, but its association with postoperative
pain has not been clarified. Our study examined the association of pre- and postoperative total serum cholesterol (TSC),
and change between the pre- and postoperative TSC levels with postoperative pain outcomes in patients with non-small
cell lung cancer (NSCLC) who underwent video-assisted thoracoscopic surgery (VATS) lobectomy.
Methods: We retrospectively reviewed medical records of patients with NSCLC who underwent VATS lobectomy at the
Seoul National University Bundang Hospital in South Korea. We sought to determine the association between preoperative TSC, TSC on postoperative day (POD) 0–1, and pre- and postoperative changes in TSC by comparing numeric rating scale (NRS) scores on POD 0, 1, and 2 and total morphine equivalent consumption on POD 0–2. Multivariate linear
regression analyses were used, and P < 0.05 was considered statistically significant.
Results: A total of 1,720 patients with NSCLC who underwent VATS lobectomy were included in the analysis. The
change in TSC, preoperative TSC, and postoperative TSC showed no associations with morphine equivalent consumption on POD 0–2 (P > 0.05). In addition, the changes in TSC, preoperative TSC, and postoperative TSC were not associated with postoperative NRS pain score on POD 0, 1, and 2 (P > 0.05).
Conclusions: Our results indicated that no significant association was observed between pre- and postoperative TSC level and postoperative pain outcome after VATS lobectomy of the lung.
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Introduction
Lung cancer is one of the most common types of cancer
worldwide, with non-small cell lung cancer (NSCLC) accounting for 80% of all lung cancer cases [1]. Since surgical management is the only potentially curative option for NSCLC, the
majority of patients undergo resection through thoracotomy
[2]. Patients who undergo thoracotomy often complain of severe
postoperative pain, which sometimes progresses to chronic pain
[3]. Although the recent popularity of video-assisted thoracoscopic surgery (VATS) using minimally invasive surgical techniques has led to improved pain outcomes compared to those
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associated with open thoracotomy, the management of postoperative pain is still an important issue in thoracic surgery.
Opioids are the analgesics of choice for pain control after thoracic surgery, and recent studies have reported that cholesterol is
one crucial factor that influences the mechanisms of opioid action [4,5]. This is because μ-opioid receptors (OPRM1 or MOR)
are located on the cell membrane in cholesterol-rich lipid raft
microdomains that form alongside G protein-coupled receptors (GPCR) [6,7], the effects of morphine are also mediated by
receptors encoded by MOR-1 [8]. The impact of cholesterol on
the signaling of μ-opioid receptors has been reported through
in-vitro [9] and animal studies [5]. In 2016, the first study to
investigate the association between opioid dose and cholesterol
levels in humans reported that the dosage of opioids used for
pain control had a negative correlation with total serum cholesterol (TSC) levels in patients with advanced lung cancer [10].
On the basis of these findings, we recently conducted a retrospective analysis, in which we found no significant effect of
preoperative TSC on postoperative pain outcome in patients with
gastric cancer who had undergone laparoscopic surgery [11].
However, our previous study had a limitation in that we did not
evaluate the relationship between TSC levels over the postoperative period and postoperative pain outcome. Since pain outcome
is measured over the postoperative period, we hypothesized
that postoperative TSC would correlate with postoperative pain.
Thus, in this study, we aimed to explore the effects of preoperative TSC, postoperative TSC, and changes between the pre- and
postoperative TSC levels on pain outcome after VATS lobectomy.

Materials and Methods
This retrospective observational study was conducted with
the approval of the Institutional Review Board of Seoul National
University Bundang Hospital (SNUBH) in South Korea (approval number: B-1712/436-105). We reviewed the medical records
of all patients over the age of 19 years who had been diagnosed
with NSCLC and had undergone elective VATS lobectomy
from January 1, 2011, to July 31, 2017. In addition, we included
patients who underwent sublobar resection on other ipsilateral
pulmonary lobes in the ‘lobectomy’ category but excluded those
who underwent sublobar resection on the lung contralateral to
the one on which lobectomy had been performed. The exclusion criteria included the following: requirement for additional
operations within two days after lobectomy; intraoperative conversion of the procedure to open thoracotomy; conversion of the
procedure to bilobectomy or pneumonectomy; missing or inaccurate data on pain outcomes or TSC; requirement for thoracic
epidural analgesia; patients who participated in randomized
trials that required the intraoperative infusion of magnesium
sulfate [12]; and surgery involving organs outside the thoracic
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cavity.

Analgesic protocol for thoracic surgery
Experienced thoracic surgeons routinely perform lung lobectomy operations using the VATS method [13]. Additionally,
trained anesthetists perform thoracic anesthesia using standardized anesthetic techniques. In our study, in general, remifentanil
infusion was used intraoperatively for balanced anesthesia, and
fentanyl-based intravenous patient-controlled analgesia was
administered postoperatively. Further, additional opioids were
used for pain control upon patients’ request and according to
the surgeons’ judgment. Non-steroidal anti-inflammatory drugs
or acetaminophen were generally not administered for 2 to 3
days after the operation.

Measurements and outcomes
We collected the following data: sex, age, height (cm), weight
(kg), American Society of Anesthesiologists classification,
Charlson Comorbidity Index score, histologic type of NSCLC,
postoperative intensive care unit admission, surgery time (min),
duration of hospital stay (day), pre- and postoperative TSC (mg/
dl) levels, changes in TSC levels, total opioid consumption on
postoperative day (POD) 0–2, and pain scores.
Preoperative cholesterol level was defined as the value obtained from the results of laboratory tests conducted at least one
month before surgery, while postoperative cholesterol was the
value obtained from the results of laboratory tests conducted on
POD 0–1. The change in TSC was calculated by subtracting the
pre- from the post-operative TSC value. To calculate total opioid
consumption, all opioids used on POD 0–2 were converted as
per the standard conversion ratio into oral morphine equivalent
(mg) and summed (Appendix 1) [14]. Pain scores were reported
using the standard 0–10 numeric rating scale (NRS). Postoperative resting NRS scores were measured at least five times daily by
registered nurses. Our study defines the NRS score on a specific
day as the average of all resting NRS scores on the same day. All
medical records were collected by medical record technicians
blinded to the purpose of this study, and the main researchers
were blinded to the data until statistical outcomes were obtained.
The primary outcome measure for this study was differences
in postoperative pain outcomes after VATS lobectomy according
to pre- and postoperative TSC levels. For the purposes of this
study, we used the values of 160 mg/dl and 200 mg/dl—levels
identified as clinically significant [15,16]—as the cut-off points
of TSC, and divided patients into three groups on the basis of
their TSC levels (< 160: low; 160–199: medium; ≥ 200: high). We
investigated differences in postoperative pain outcomes among
these groups. In addition, subgroup analysis was performed to
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investigate the differences in the primary outcome as a function
of postoperative pain intensity, by splitting the patients in the
POD 0–2 groups into < 4 and ≥ 4 subgroups on the basis of average NRS pain score.

Statistical analysis
To compare the three groups of patients (low, medium, and

high TSC), we conducted one-way Analysis of Variance (ANOVA)s for continuous variables and chi-square tests for categorical variables. To investigate the significant factors associated
with postoperative pain outcome after VATS lobectomy of the
lung, we performed multivariate linear regression analyses for
morphine equivalent consumption on POD 0–2, and NRS pain
score on POD 0–2. The subgroup analyses for groups with
NRS pain scores < 4 and ≥ 4 within the POD 0–2 groups were

Table 1. Demographic and Baseline Characteristics of Patients
Postoperative TSC group (mg/dl)

Variable

Low (n = 849)

Sex: M
Age (yr)
Body mass index (kg/m2)
ASA class
1
2
3–4
Charson comorbidity index
Duration of surgery (min)
Histologic type: Sqcc
Length of hospital stay (day)
Postoperative ICU admission
Postoperative TSC (mg/dl)
Preoperative TSC (mg/dl)
Change in TSC (mg/dl)
Postoperative pain outcome
ME consumption in POD 0–2
NRS pain score on POD 0
NRS pain score on POD 1
NRS pain score on POD 2

Medium (n = 646)

P value

High (n = 225)

556 (65.5%)
64.7 ± 12.3
23.4 ± 3.0

335 (51.9%)
62.1 ± 11.5
24.0 ± 3.2

92 (40.9%)
62.2 ± 9.2
24.6 ± 3.2

< 0.001
< 0.001
< 0.001
< 0.001

176 (20.7%)
585 (68.9%)
88 (10.4%)
3.1 ± 1.5
161.3 ± 60.9
425 (49.9%)
9.7 ± 7.3
97 ± 11.4
131.5 ± 23.1
158.2 ± 29.5
−26.1 ± 28.4

194 (30.0%)
416 (64.4%)
36 (5.6%)
2.7 ± 1.2
147.6 ± 54.6
245 (37.8%)
8.8 ± 22.8
38 ± 5.9
177.5 ± 11.2
195.0 ± 27.3
−17.3 ± 25.7

73 (32.4%)
143 (63.6%)
9 (4.0%)
2.6 ± 1.1
138.3 ± 48.3
98 (43.6%)
7.3 ± 3.5
6 ± 2.7
221.8 ± 20.2
226.0 ± 32.2
−4.3 ± 32.6

< 0.001
< 0.001
< 0.001
0.109
< 0.001
< 0.001
< 0.001
< 0.001

178.2 ± 179.6
4.7 ± 1.2
3.0 ± 1.0
2.5 ± 0.9

167.9 ± 172.2
4.6 ± 1.2
2.9 ± 1.0
2.6 ± 0.9

163.7 ± 175.0
4.7 ± 1.2
3.0 ± 0.9
2.4 ± 0.9

0.419
0.353
0.679
0.920

Values are presented as mean ± SD or number (percentage). Cholesterol group: Low: < 160 mg/dl, Medium: 160–199 mg/dl, High: ≥ 200 mg/dl.
TSC: total serum cholesterol, ASA: American Society of Anesthesiologists, Sqcc: squamous cell carcinoma, ICU: intensive care unit, ME: morphine
equivalent, POD: postoperative day, NRS: numeric rating scale.
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Fig. 1. Box plots for morphine equivalent consumption (mg) according to preoperative (A) and postoperative (B) TSC level. TSC: total serum
cholesterol, POD: postoperative day.
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performed using the same multivariate linear regression method used for morphine equivalent consumption on POD 0–2.
Additionally, mean values with 95% CI of morphine equivalent
consumption on POD 0–2 were presented as box plots for the
preoperative and postoperative TSC groups. We considered P
< 0.05 statistically significant and used IBM SPSS version 23.0
software (IBM Corp., USA) for the analyses.

Results
A total of 1,952 patients over the age of 19 years were diagnosed with NSCLC and underwent VATS lobectomy between
January 1, 2011, and July 31, 2017. Among these patients, the
following cases were excluded from the analysis: 1) 86 cases with
missing data on pain outcomes or on TSC; 2) 92 cases with intraoperative conversion of the procedure to open thoracotomy,
bilobectomy, or pneumonectomy; 3) 38 cases of surgery involving organs outside the thoracic cavity; 4) 12 cases in which
epidural analgesia was performed; and 5) 4 patients who participated in clinical trials using intraoperative magnesium sulfate
infusion [12]. Thus, a total of 1,720 patients were included in the
analysis. Of these patients, 849 belonged to the low TSC group,
646 to the medium TSC group, and 225 to the high TSC group,
in terms of postoperative TSC levels. Table 1 compares the characteristics of these three groups.

Table 2. Multivariate Linear Regression Analysis for Morphine Equivalent
Consumption (mg) in POD 0–2 after VATS Lobectomy of Lung
Variables
Sex: F
Age
Body mass index
ASA class
2 (vs 1)
3–4 (vs 1)
Charson comorbidity index
(1 increase)
Duration of surgery (min)
Postoperative ICU
admission (vs ward)
Change in TSC* (mg/dl)
Preoperative TSC (mg/dl)
< 160 (vs: 160–199)
≥ 200 (vs: 160–199)
Postoperative TSC (mg/dl)
< 160 (vs: 160–199)
≥ 200 (vs: 160–199)

Coefficient (95% CI)
−13.3 (−30.4, 4.0)
−0.9 (−1.7, −0.2)
1.5 (−1.2, 4.2)

P value
0.132
0.015
0.264

22.6 (−23.7, 68.9)
15.0 (−5.9, 35.8)
−0.4 (−9.3, 8.6)

0.339
0.159
0.938

0.5 (0.4, 0.7)
−17.5 (−49.5, 14.4)

< 0.001
0.282

0.2 (−11.1, 6.5)

0.144

−7.3 (−29.5, 14.9)
−10.7 (−32.1, 10.6)

0.517
0.324

−16.9 (−37.6, 3.8)
−5.9 (−33.3, 21.6)

0.110
0.676

POD: postoperative day, VATS: video-assisted thoracoscopic surgery,
ASA: American Society of Anesthesiologists, ICU: intensive care unit,
TSC: total serum cholesterol. *The coefficient of change in TSC was
derived from a multivariate linear regression model omitting preoperative
and postoperative TSC, to avoid interaction between variables.
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Postoperative pain outcome after VATS lobectomy of
lung according to TSC group
Figs. 1A and 1B show morphine equivalent consumption as
box plots for the preoperative and postoperative TSC groups,
respectively. There was no significant difference between the
groups according to preoperative (P = 0.532) and postoperative
(P = 0.419) TSC group. Table 2 shows the results of a multivariate linear regression analysis for morphine equivalent consumption on POD 0–2 after VATS lobectomy of the lung. The changes in TSC, preoperative TSC, and postoperative TSC showed no
associations with morphine equivalent consumption on POD
0–2 (P > 0.05). Age (coefficient: −0.94, 95% CI [−1.70, −0.19],
P = 0.015) and surgery time (coefficient: 0.52, 95% CI [0.37,
0.67], P < 0.001) were the only factors associated with morphine
equivalent consumption on POD 0–2. Table 3 shows the results
of the multivariate linear regression analyses for the NRS pain
score on POD 0, 1, and 2. Changes in TSC, preoperative TSC,
and postoperative TSC were not associated with postoperative
NRS pain score on POD 0, 1, and 2 (P > 0.05). Finally, Table 4

Table 3. Multivariate Linear Regression Analysis for Pain Score on POD
0, 1, and 2 after VATS Lobectomy of Lung
Variable
NRS pain score on POD 0
Change in TSC* (mg/dl)
Preoperative TSC (mg/dl)
< 160 (vs: 160–199)
≥ 200 (vs: 160–199)
Postoperative TSC (mg/dl)
< 160 (vs: 160–199)
≥ 200 (vs: 160–199)
NRS pain score on POD 1
Change in TSC* (mg/dl)
Preoperative TSC (mg/dl)
< 160 (vs: 160–199)
≥ 200 (vs: 160–199)
Postoperative TSC (mg/dl)
< 160 (vs: 160–199)
≥ 200 (vs: 160–199)
NRS pain score on POD 2
Change in TSC* (mg/dl)
Preoperative TSC (mg/dl)
< 160 (vs: 160–199)
≥ 200 (vs: 160–199)
Postoperative TSC (mg/dl)
< 160 (vs: 160–199)
≥ 200 (vs: 160–199)

Coefficient (95% CI)

P value

0.0 (0.0, 0.0)

0.125

0.1 (0.0, 0.2)
0.0 (−0.1, 0.0)

0.254
0.183

0.0 (−0.2, 0.1)
0.0 (−0.2, 0.2)

0.213
0.541

0.0 (0.0, 0.0)

0.242

0.1 (−0.1, 0.2)
−0.1 (−0.2, 0.1)

0.284
0.233

−0.1 (−0.2, 0.1)
0.0 (−0.2, 0.1)

0.393
0.709

0.0 (0.0, 0.0)

0.903

0.0 (−0.1, 0.1)
0.0 (−0.2, 0.7)

0.560
0.486

0.0 (−0.1, 0.1)
0.0 (−0.2, 0.1)

0.885
0.548

POD: postoperative day, VATS: video-assisted thoracoscopic surgery,
NRS: numeric rating scale, TSC: total serum cholesterol. *The coefficient
of change in TSC was derived from a multivariate linear regression
model omitting preoperative and postoperative TSC, to avoid interaction
between variables.
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Table 4. Multivariate Linear Regression Analysis for Morphine Equivalent Consumption (mg) on POD 0–2 after VATS Lobectomy of Lung in POD 0–2
Groups with Average NRS Pain Scores < 4 and ≥ 4
Variables

< 4 of average NRS pain score
in POD 0–2 (n = 1,459)
Coefficient (95% CI)

Sex: F
Age (yr)
Body mass index (kg/m2)
ASA class
2 (vs 1)
3–4 (vs 1)
Duration of surgery (min)
Postoperative ICU admission (vs ward)
Change in TSC* (mg/dl)
Preoperative TSC (mg/dl)
< 160 (vs: 160–199)
≥ 200 (vs: 160–199)
Postoperative TSC (mg/dl)
< 160 (vs: 160–199)
≥ 200 (vs: 160–199)

−11.2 (−31.2, 8.9)
−0.8 (−1.7, 0.1)
−0.8 (−3.8, 2.3)

≥ 4 of average NRS pain score
in POD 0–2 (n = 261)

P value

Coefficient (95% CI)

P value

0.007
0.080
0.623

−1.0 (−48.4, 46.4)
−1.0 (−3.0, 1.1)
5.6 (−2.0, 13.2)

0.967
0.349
0.148

60.9 (6.1, 115.6)
30.0 (6.0, 54.0)
0.4 (0.3, 0.6)
23.5 (−17.0, 64.1)
0.1 (−0.2, 0.4)

0.029
0.014
< 0.001
0.255
0.527

−68.9 (−300.1, 62.2)
−21.5 (−79.8, 36.8)
0.9 (0.5, 1.3)
23.1 (−168.4, 214.6)
1.2 (−0.2, 2.1)

0.302
0.468
< 0.001
0.813
0.085

−18.0 (−43.1, 7.1)
0.1 (−25.2, 25.4)

0.160
0.993

49.1 (−12.3, 110.4)
−29.4 (−95.1, 36.4)

0.117
0.380

−13.9 (−37.9, 10.2)
3.2 (−27.5, 33.9)

0.258
0.839

−38.7 (−98.5, 21.1)
−18.0 (−102.0, 66.0)

0.203
0.674

POD: postoperative day, VATS: video-assisted thoracoscopic surgery, NRS: numeric rating scale, ASA: American Society of Anesthesiologists, ICU:
intensive care unit, TSC: total serum cholesterol. *The coefficient of change in TSC was derived from a multivariate linear regression model omitting
preoperative and postoperative TSC, to avoid interaction between variables.

shows the results of a multivariate linear regression analysis for
morphine equivalent consumption on POD 0–2 after VATS lobectomy of the lung in POD 0–2 groups with average NRS pain
scores < 4 and ≥ 4. There was no significant association between
pre- and postoperative TSC groups and morphine equivalent
consumption in POD 0–2 in either group (P > 0.05).

Discussion
This study was performed to explore the effects of preoperative TSC, postoperative TSC, and changes in TSC on pain outcomes after VATS lobectomy. Our results indicated that neither
preoperative TSC nor postoperative TSC was associated with
postoperative pain outcomes on POD 0–2. These findings may
be clinically meaningful since they were derived from multivariate linear regression analyses. It is also notable that these results
match with our previous findings in a study on laparoscopic
surgery performed on patients with gastric cancer [11].
The results of this study may be explained as follows. First,
the concept of postoperative inflammatory reaction and cholesterol homeostasis should be considered. Physical burdens
or stressful conditions such as surgery are generally known to
reduce TSC levels [17–19]. The human body releases cytokines
over the postoperative period as a reaction to stress. This, in
turn, causes the upregulation of low-density lipoprotein cholesterol, which leads to a reduction in TSC via the increase in peripheral cholesterol uptake [20]. In this study, we hypothesized
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that patients with lower TSC levels would require a relatively
higher opioid dosage to manage the same degree of pain; this
hypothesis was based on the biochemical properties of cholesterol that affect the opioid signaling pathways [4]. Although this
mechanism remains controversial, the impact of lipid composition on opioid signaling is becoming an important issue for the
use of analgesics in clinical practice [21].
Although TSC levels were reduced postoperatively, our
findings imply that cholesterol-related receptors may not have
been significantly affected by cholesterol homeostasis, which is a
postoperative physiologic reaction. In addition, a previous study
found that in the central nervous system, cholesterol levels are
controlled by a regulatory mechanism [22]. In summary, our
findings provide indirect evidence that decreased postoperative
TSC probably does not affect the opioid signaling pathway.
The findings of this study are concordant with those of our
previous study recently conducted at the same institution [11].
The findings of our current study are clinically meaningful regarding the variable characteristics of pain resulting from the
variety of surgical procedures in our previous study [11]. The
postoperative pain resulting from thoracic surgery is usually
more severe than the pain of abdominal surgery and is influenced by neuropathic pain caused by thoracotomy [23]. Neuropathic pain is more difficult to control by analgesics such as
opioids than somatic pain [24]. The need for a chest drain tube
after VATS lobectomy could also be another cause of severe pain
[25]. Therefore, the results of our study—that neither pre- nor
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postoperative TSC affected the pain outcome after VATS thoracic surgery—are clinically important considering the different
pain characteristics in this study.
Another important factor for our study is the cut-off values
of pre- and postoperative TSC level. We set the cut-off values
as 160 and 200 mg/dl to divide the patients into three groups
according to TSC level (low, medium and high). A TSC ≥ 200 is
generally defined as hypercholesterolemia, which increases the
risk of mortality from coronary heart disease or stroke [26]. In
contrast, TSC < 160 is generally defined as hypocholesterolemia
and is associated with indicators of bad prognosis in hospitalized
patients [27]. Preoperative TSC levels of 160–199 appear to be
a reference range that predicts a favorable long-term prognosis,
so we set the cut-off values as 160 and 200 to divide the patients
into three groups.
Our study has a few limitations that should be addressed.
First, the inherent drawbacks of a retrospective design may
have led to biases. Second, this was a single-center study, which
might cast doubt on the generalizability of the findings. Third,
although the main postoperative analgesic used was fentanyl,
other types of opioids were also used where necessary, which
compelled us to use opioid conversion formulas. Nonetheless,
our study represents the first attempt to analyze the correlation
of pre- and postoperative TSC and changes in TSC with pain
outcomes after VATS lobectomy.
In conclusion, this study found that neither preoperative TSC

nor postoperative TSC was associated with postoperative morphine equivalent consumption on POD 0–2 and NRS pain score
on POD 0, 1 and 2. These findings suggest that perioperative
TSC level is not a significant factor in severe postoperative pain
outcomes.
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Opioid

Administration route

Dose equivalent to 10 mg of oral morphine (mg)

Morphine
Morphine
Hydromorphone
Fentanyl
Oxycodone
Codeine
Tramadol

Oral
Intravenous
Oral
Intravenous
Oral
Oral
Oral

10
3.3
2
0.03
7
80
40
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