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Purpose: Low vitamin D levels have been associated with musculoskeletal pain, cancer pain, chronic postoperative pain, and post-
traumatic pain. However, their association with postoperative pain after video-assisted thoracoscopic surgery has not been explored.
The aim of this study was to examine the association between vitamin D levels and postoperative pain after video-assisted
thoracoscopic surgery.

Patients and Methods: This study enrolled 194 adult patients who underwent elective non-cardiac thoracic surgery in Shanghai
Pulmonary Hospital from February 2021 to June 2021. Following application of the exclusion criteria, 135 patients who underwent
video-assisted thoracoscopic surgery were included in the final analysis. The primary outcome was the incidence of acute post-
operative moderate-severe pain. Secondary outcomes included C-reactive protein (CRP), interleukin (IL)-1, IL-6, and tumor necrosis
factor-a levels in the immediate postoperative (48 hours) period, as well as pain scores at 3 months after surgery. A multivariable
logistic regression model was used to analyze the association between vitamin D levels and acute postoperative moderate-severe pain.
Results: Among 135 patients, 54.1% were categorized as having a low vitamin D level (<30 nmol/L). On multivariable analysis,
patients with a low 25-hydroxy-vitamin D (25[OH]D) level had a higher risk of postoperative moderate-severe pain (odds ratio, 2.44;
95% confidence interval, 1.181-5.041; P = 0.016) when compared to patients with a sufficient 25(OH)D level. Static and dynamic pain
scores at 3 months after surgery, as well as serum levels of CRP, IL-1, IL-6, and tumor necrosis factor-o were not significantly different
between patients with low and sufficient 25(OH)D levels.

Conclusion: Patients with low vitamin D levels are at a higher risk of acute moderate-severe pain after video-assisted thoracoscopic
surgery.

Trial Registration: http://www.chictr.org.cn, ChiCTR2100052380.

Keywords: vitamin D, video-assisted thoracoscopic surgery, moderate-severe pain, chronic pain, inflammatory response

Introduction

Vitamin D deficiency is a universal problem that seriously affects human health.! The prevalence of vitamin D deficiency
among adults in America ranges from 34-37%.° Approximately one billion people worldwide have vitamin D
deficiency.® Vitamin D plays important roles in calcium homeostasis and musculoskeletal health. The anti-inflammatory
and immunomodulatory effects of vitamin D are mediated through its control of cytokine release and suppression of
T-cell responses.* ® As vitamin D controls genes encoding for proteins involved in modulating neuronal axon growth and

pain signaling pathways, it may also be involved in pain perception and processing.*®’
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Several studies have reported that vitamin D deficiency is associated with musculoskeletal pain, cancer pain, postoperative
pain, and post-traumatic pain.® !> Low vitamin D levels have been linked with higher opioid use and an increased risk of
opioid use disorders in patients undergoing common surgical procedures.'®'® Two meta-analyses of randomized controlled
trials (RCTs) highlighted a correlation between vitamin D supplementation and pain reduction.'”'® An additional RCT
reported the promising report of vitamin D supplementation in patients with post-craniotomy pain after brain tumor surgery."’

Postoperative patients often suffer from pain caused by surgical incision, which is related to the postoperative
inflammatory response and immunomodulation. Theoretically, patients with vitamin D deficiency are more susceptible
to severer acute pain and chronic pain after surgery. However, no prior studies have investigated the potential association
between vitamin D levels and postoperative pain after video-assisted thoracoscopic surgery. Thus, the objective of this
study was to evaluate the association of preoperative serum vitamin D levels with the incidence of moderate-severe pain
in the immediate postoperative (48 hours) period among patients after video-assisted thoracoscopic surgery. The
secondary objective was to determine whether lower vitamin D levels increase the degree of inflammatory response in
the immediate postoperative period, as well as chronic pain at 3 months after surgery.

Materials and Methods

Setting and Population

This retrospective cohort study was conducted from February 2021 to June 2021 and enrolled 194 adult patients who
underwent elective non-cardiac thoracic surgery in the Shanghai Pulmonary Hospital. Patients were excluded if they (1)
lacked serum 25-hydroxy-vitamin D (25[OH]D) level data, (2) received thoracotomy or video-assisted mini-thoracotomy, (3)
were administered analgesics before surgery, (4) did not undergo preoperative pain assessment, or (5) were lost to follow-up.
The study protocol was approved by the Medical Ethics Committee of Shanghai Pulmonary Hospital (L21-307), and
registered in Chinese Clinical Trial Registry (ChiCTR2100052380).

Exposure Variable
Serum 25(OH)D levels were measured within the week before surgery. Patients were divided into two groups based on
whether they had a sufficient (=30 nmol/L) or low (<30 nmol/L) 25(OH)D level.

Outcome Variables

Pain scores (numerical rating scale) were collected in surgical wards every 12 hours after surgery. Laboratory tests for
C-reactive protein (CRP), interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF)-a levels were routinely performed before
surgery and on postoperative day (POD) 1 and 2; results were recorded on postoperative test sheets. Postoperative follow-up
assessments in the third month were conducted by assistants through telephone. Patients with a pain score of >3 within 48
hours after surgery (immediate postoperative period) were considered to have moderate-severe pain. The primary outcome
was the incidence of moderate-severe pain in the immediate postoperative period. Secondary outcomes included the levels of
CRP, IL-1, IL-6, and TNF-a in the immediate postoperative period, as well as pain scores at 3 months after surgery.

Covariates

Patient demographic characteristics (age, sex, body mass index [BMI]), educational time, comorbidities (eg, hyperten-
sion, diabetes mellitus, coronary disease), smoking status, American Society of Anesthesiologists grade, and pain
dimension score of the Quality of Recovery (QoR)-40 scale were collected by assistants before surgery. The pain
dimension of the QoR-40 scale was used to assess preoperative pain.

Intraoperative data (type of surgery, regional anesthesia, sufentanil consumption, preoperative location, lymph node
dissection) were recorded by anesthesiologists in the operating room during surgery. The nerve block method for each
patient was selected by the anesthesiologist before surgery. The type of surgery, preoperative location, and need for
intraoperative lymph node dissection were determined by the surgeon according to the patients’ situation. Postoperative
data including pathological diagnosis, remedial analgesia incidence, and duration of hospital stay were obtained from
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medical records. Remedial analgesia was considered to have occurred upon the administration of analgesic medications,
such as non-steroidal anti-inflammatory drugs.

Postoperative Pain Management

Postoperative pain was managed via patient-controlled intravenous analgesia, which consisted of sufentanil (100 ug)
diluted with normal saline to 100 mL; the background dose was 1 mL/h, the self-controlled additional dose was 2 mL,
and the locking time was 10 min. Postoperative nausea and vomiting were prevented by the administration of
dexamethasone (5 mg) during induction and ondansetron (4 mg) before completion of the surgery.

Statistical Analysis

Missing values for baseline characteristics and secondary outcomes were imputed using the linear regression method.
Normally distributed continuous variables are presented as mean + standard deviation. Non-normally distributed
continuous variables are expressed as median and interquartile range. The two-sample #-test or Mann—Whitney U-test
was used to analyze data. Categorical data are reported as frequencies and proportions, which were compared with the
Chi-square test.

A stepwise multivariable logistic regression model was used to analyze the association between the vitamin D level
and postoperative moderate-severe pain; the P-values for entry and removal of variables were 0.05 and 0.10, respectively.
We adjusted for possible confounding variables, including age, sex, BMI, educational time, and smoking status. A
multiple imputation method was used for missing values for the covariates in the adjusted statistical models. Statistical
analyses were performed with SPSS version 26.0 (IBM, Armonk, NY, USA). P < 0.05 was considered to be statistically
significant.

Results
A total of 194 adult patients underwent elective non-cardiac thoracic surgery in the Shanghai Pulmonary Hospital
between February 2021 and June 2021, with 189 patients having undergone a 25(OH)D test within a week before
surgery. Following application of the exclusion criteria, 135 patients who underwent uniportal video-assisted thoraco-
scopic surgery were included in the final analysis (Figure 1).

Among 135 patients, 54.1% were categorized as having a low vitamin D level (<30 nmol/L). The mean age of the
patients with a low vitamin D level was 57.5 years, and 53.4% were female. There were no significant differences in

194 adult patients undergoing elective non-
cardiac thoracic surgery in Shanghai
Pulmonary Hospital from January 2021 to
June 2021

5 (2.6%) patients lacked serum 25(OH)D measured before surgery
11 (5.7%) patients received thoracotomy or VAMT

™ (0.5%) patient had painkiller intake before surgery

16 (8.2%) patients lacked preoperative pain assessment

‘ 161 (83.0%) patients ‘

i 26 (13.4%) patients lost to follow up

‘ 135 (69.6%) patients ‘

’ Final cohort(n=135) ‘

Serum 25(0OH)D level: Serum 25(OH)D level:
< 30nmol/L(n=73) 230nmol/L(n=62)

Figure | Flowchart of patient enroliment and follow-up.
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demographic, intraoperative, or postoperative parameters between patients with low and sufficient vitamin D levels (P >
0.05) (Table 1).

Primary Outcomes

Postoperative moderate-severe pain was observed in 57 (42.2%) patients (sufficient 25[OH]D group, 19 [30.6%]; low 25
[OH]D group, 38 [52.1%]) in the immediate postoperative period (Table 2). After adjusting for potential confounders,
patients with low 25(OH)D levels (<30 nmol/L) had a higher risk of postoperative moderate-severe pain (adjusted odds
ratio, 2.44; 95% confidence interval, 1.181-5.041; P = 0.016) compared to patients with sufficient 25(OH)D levels
(Figure 2).

Table | Baseline Characteristics Based on Serum Vitamin D Level

Characteristic Low (<30 nmol/L) | Sufficient (=30 nmol/L) P
(n=173) (n =62)
Demographic characteristics | Age, y 57.5%13.1 58.8+11.8 0.554
Sex, n (%)
Male 34 (46.6%) 27 (43.5%) 0.725
Female 39 (53.4%) 35 (56.5%)
BMI, kg/m? 23.9+2.6 23.7+3.0 0.545
Vitamin D level, nmol/L 27.4%1.5 32.7+2.1 <0.001
Educational time¥, y 8.1+4.4 9.2+5.2 0.170
Smokers, n (%) 13 (17.8%) 17 (27.4%) 0.181
Hypertension, n (%) 25 (34.2%) 17 (27.4%) 0.393
Diabetes, n (%) 3 (4.1%) 5 (8.1%) 0.469
Coronary disease, n (%) 2 (2.7%) 2 (3.2%) 0.868
ASA n (%) 0.204
| 35 (47.9%) 38 (61.3%)
1l 37 (50.7%) 23 (37.1%)
1] I (1.4%) 1 (1.6%)
Pain dimension of QoR-40 scale 34.4%1.5 34.7+0.7 0.115
Intraoperative data Incision choice, n (%) 0.908
Lobectomy 38 (52.1%) 29 (46.8%)
Segmentectomy 19 (26.0%) 19 (30.6%)
Wedge resection 13 (17.8%) 12 (19.4%)
Other 3 (4.1%) 2 (3.2%)
Regional anesthesia, n (%) 0.971
SAPB 12 (16.4%) I (17.7%)
ESPB 9 (12.3%) 8 (12.9%)
TPVB 2 (2.7%) 1 (1.6%)
No 50 (68.5%) 42 (67.7%)
Sufentanil consumption, mg 61.2%155 56.5£15.6 0.077
Duration of anesthesia, min 96.8+42.6 98.4+44.3 0.831
Preoperative location, n (%) 14 (19.2%) 1 (17.7%) 0.830
Lymph node dissection, n (%) 41 (56.2%) 35 (56.5%) 0.973
Postoperative data Morphine consumption 48 h*, mg 56.9+£22.0 56.3£22.8 0.875
Remedial analgesics 48 h, n (%) 60 (82.2%) 44 (71.0%) 0.152
Length of hospital stay, days 3.8%1.7 3.8%1.5 0.966
Pathological diagnosis, n (%) 0.908
Malignancy 63 (86.3%) 55 (88.7%)
Other 10 (13.7%) 7 (11.3%)

Notes: Data are given as absolute numbers (n), percentage (%) of the whole population (N), and median (interquartile range), as appropriate. *Missing data:
Educational time, 16; Morphine consumption 48 h, 33.

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; ESPB, erector spinae plane block; QoR-40, Quality of Recovery-40;
SAPB, serratus anterior plane block; TPVB, thoracic paravertebral block.
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Table 2 The Number of Patients with Moderate-Severe Pain in the Immediate Postoperative
(48 Hours) Period Stratified by Vitamin D Levels

Vitamin D Levels N Moderate-Severe Pain (n [%])
<30 nmol/L 73 38 (52.1%)
=30 nmol/L 62 19 (30.6%)
Total 135 57 (42.2%)

Secondary Outcomes

The serum levels of CRP, IL-1, IL-6, and TNF-o were not significantly different between patients with low and sufficient
25(OH)D levels before surgery or on POD1 or POD 2 (Table 3). There were also no significant differences in static or
dynamic pain scores at 3 months after surgery (Table 4).

Discussion
In this study, we found that low vitamin D levels (<30 nmol/L) among patients who underwent video-assisted
thoracoscopic surgery were associated with increased postoperative moderate-severe pain in the immediate postoperative
(48 hours) period when compared to those with sufficient vitamin D levels (=30 nmol/L). This association remained
significant after adjustment for potential confounding factors including age, sex, BMI, educational time, and smoking
status. Although the levels of CRP, IL-1, IL-6, and TNF-a in patients with low vitamin D levels were higher than those
with sufficient levels, the differences were not statistically significant. To the best of our knowledge, this is the first study
to describe the relationship between vitamin D levels and acute postoperative pain after non-cardiac thoracic surgery.
Furthermore, our study also explored whether postoperative inflammation is a potential mechanism by which vitamin D
affects acute postoperative pain.

To date, the association between vitamin D levels and postoperative pain has remained unclear; while a few studies
have reported an association, other studies have failed to observe a relationship between these two parameters. Song et al
conducted a retrospective study of 226 postmenopausal women who underwent primary total knee arthroplasty. They

6 -
1.699 (1.100-2.623) 2.440 (1.181-5.041)
5 =
24
e
2,
17
23
®
(4 [
1]
22
o
1
0
Unadjusted Adjusted*
Variable level B X2 Adjusted OR  95%ClI P value
Vitamin D Sufficient Ref
Deficient  0.892 5.81 2.44 1.181-5.041 0.016
Age -0.036 5.79 0.965 0.937-0.993 0.016

Figure 2 (A) Unadjusted and adjusted odds ratios of moderate-severe pain. (B) Stepwise multiple logistic regression analysis of determinants for postoperative moderate-
severe pain. *Adjusted for age, sex, educational time, smoking and BMI.
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Table 3 Secondary Outcomes - Levels of CRP and Cytokines

Low (<30 nmol/L) | Sufficient (=30 nmol/L) P
(n=173) (n =62)

CRP, mg/L
Preoperative 3.3+0.3 3.5+1.0 0.108
PODI 38.7£21.7 34.2+24.4 0.259
POD2 86.8+36.6 81.4+36.1 0.395
Cytokines, pg/mL
IL-1
Preoperative 2.2%1.5 2.3%1.3 0.756
PODI 2.0x1.1 1.9£1.0 0.451
POD2 1.9+1.4 1.8+0.8 0.842
IL-6
Preoperative 4.5 (7.3) 4.7 (7.5) 0.812
PODI 64.6 (108.6) 51.1(103.9) 0.139
POD2 64.6 (60.1) 37.3 (66.7) 0.101
TNF-o
Preoperative 2.3 (1.1) 2.6 (1.4) 0.257
PODI 2.7 (49) 2.5 (3.2) 0.541
POD2 2.6 (1.6) 2.6 (1.5) 0.466

Notes: Data are given as absolute numbers (n), percentage (%) of the whole population (N), and median
(interquartile range), as appropriate.

Abbreviations: CRP, C-reactive protein; IL, interleukin; PODI, postoperative day |; POD2, postoperative day 2;
TNF-a, tumor necrosis factor-a.

Table 4 Secondary Outcomes - Pain Scores at 3 Months After Surgery

NRS 3M Low (<30 nmol/L) (n =73) | Sufficient (=30 nmol/L) (n = 62) P
Static* 0(0.7) 0 (0.6) 0.218
Dynamic* 0(1.4) 0 (1.0) 0.156

Notes: Data are given as absolute numbers (n), percentage (%) of the whole population (N), and median (interquartile range), as
appropriate. *Missing data: Static, 27; Dynamic, 27.
Abbreviation: NRS 3M, numerical rating scale of pain 3 months after surgery.

reported that vitamin D deficiency was a risk factor for postoperative pain at 3 months after surgery.® However, in an
observational study, Bose et al did not observe a link between vitamin D levels and postoperative pain after laparoscopic
bariatric surgery.”’ This discrepancy may be attributed to differences in patient populations, particularly in terms of
vitamin D levels and the types of surgery performed. The standard threshold value for vitamin D deficiency (<50 nmol/L)
was lower than the median vitamin D level in the study conducted by Bose et al. Furthermore, the surgical procedure they
estimated was less painful, which may have caused the differences in outcomes to be less evident.”’ Both may have
contributed to the difference in results. According to previous studies, patients with lower vitamin D levels (<30 nmol/L)
are more likely to benefit from vitamin supplements, thus indicating that these patients may suffer from more severe
pain.?""** Therefore, the connection between vitamin D levels and postoperative pain may be more obvious in patients
with severer pain and lower vitamin D levels.

The underlying mechanisms linking vitamin D and the degree of pain are currently unclear. Both clinical and animal
studies suggest that vitamin D inhibits the synthesis of prostaglandin E, and decreases the level of pain-related cytokines
including TNF-q, IL-6, and leukotriene B,.>** > We failed to demonstrate that the inflammatory response is a potential
mechanism for the association between vitamin D levels and postoperative pain. This may be attributed to the small
sample size and large amount of missing data in our study. In addition, vitamin D may affect peripheral and central nerve
functions, as well as the perception and processing of pain.”?” It is worth mentioning that ultraviolet B light can induce
endogenous opioids in the skin (endorphins) and has strong analgesic effects; this suggests that vitamin D levels may be
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simply a consequence of ultraviolet B light exposition.”® While this appears to explain the results of our observational
study, this interpretation contradicts the positive effects of vitamin D supplementation on pain management demonstrated
by previous RCTs and meta-analyses.?'"-*

The current study has several limitations. First, the range of vitamin D levels in the patients was far lower than the
standard threshold value for vitamin D deficiency (<50 nmol/L). Thus, it may not be possible to extrapolate our results to
other patient populations. Second, our data set had a large number of missing values, since we excluded patients who

were lost to follow-up and were without vitamin D level data.

Conclusion

In summary, our results suggest that patients with low vitamin D levels are at a higher risk of acute moderate-severe pain
after video-assisted thoracoscopic surgery. This finding highlights an underlying risk factor that can be used to predict
patients who are likely to have more severe postoperative pain. Further clinical trials should be conducted to confirm the
association between vitamin D and postoperative pain.

Abbreviations
BMI, body mass index; CRP, C-reactive protein; IL, interleukin; POD, postoperative day; QoR-40, Quality of Recovery-
40; RCT, randomized controlled trial; 25(OH)D, 25-hydroxy-vitamin D; TNF-a, tumor necrosis factor-a.
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