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Abstract
Objective: The association of chronic non-malignant pain (CNP) with dyslipidemia is unclear.
This retrospective study was performed to evaluate the association between CNP and
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dyslipidemia in elderly patients with femoral neck fractures (FNFs) treated by primary unilateral
total hip arthroplasty (THA).

Methods: We retrospectively identified 521 consecutive patients with FNFs (AO/OTA type 31B)
who underwent primary unilateral THA from 2009 to 2021. The study population was divided
into patients with and without CNP. Serum lipids were measured for each patient. The associ-
ation between CNP and dyslipidemia was assessed using a multivariate binary logistic regression
model.

Results: In total, 436 patients (220 with CNP, 216 without CNP) were eligible for analysis. In the
quantile regression, the adverse effect of CNP was significantly attenuated by resilience in
patients with a high high-density lipoprotein (HDL) concentration and low low-density lipopro-
tein (LDL) concentration. The multivariate binary logistic regression model showed that the
HDL and LDL concentrations were the only variables significantly associated with the develop-
ment of CNP.

Conclusion: Both a low HDL and high LDL concentration may result in the occurrence of CNP
in elderly patients with FNFs treated by primary unilateral THA.
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interventions has been established.®
Although the high prevalence of CNP has
led to increased interest in underlying CNP-
related risk factors, no clear risk factors for

Introduction

Chronic non-malignant pain (CNP), which
has a high prevalence and refractory nature,

is typically characterized by hyperalgesia
and has been linked to restrictions in daily
activities, emotions, and quality of life.'”>
Moreover, severe CNP can shorten
patients’ life expectancy.® Population-
based estimates of CNP among Chinese
elderly individuals range from 10% to
39% with significant subgroup differen-
ces.*® The increasing prevalence of CNP is
attributable to demographic and lifestyle
changes and is predicted to lead to a pro-
nounced increase in the prescription of
opioid analgesics for CNP, which has initi-
ated escalating concern regarding the
potential harms of these drugs.*®’
However, mno clear consensus on
population-wide CNP  prevention or

CNP appear to have been identified to
date.”'” Epidemiological studies have dem-
onstrated that dyslipidemia may be a risk
factor for the occurrence and development
of CNP.''"!13 Additionally, CNP might be
highly comorbid with dyslipidemia.'* The
lipid—pain relationship may be bidirection-
al'>'7: dyslipidemia may lead to gain (sen-
sitization) or loss (desensitization) of
function relative to the incoming CNP sig-
nals, whereas CNP may conversely have a
feedback effect on serum lipid levels.
Whether CNP and dyslipidemia have a
positive correlation has been debated. >
Increases in serum lipids may be paralleled
by an increase in the duration of CNP.*'¢
Furthermore, the focus on normal serum
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lipid levels may underestimate the harms of
CNP."> Notably, dyslipidemia may insti-
gate or exacerbate CNP, potentially
increasing the risk of CNP-related
events.”™'® No lipid-related assessment of
the risk of CNP in elderly patients with
femoral neck fractures (FNFs) treated by
primary unilateral total hip arthroplasty
(THA) has been performed to date. We
therefore performed a retrospective study
to evaluate the association between CNP
and dyslipidemia in such patients.

Materials and methods

Study population

This study was approved by the
Investigational Ethics Review Board of
Pu’ai Hospital, Tongji Medical College,
Huazhong University of Science and
Technology (IRB-07214), and the board
granted an exemption from the requirement
for informed consent because of the retro-
spective nature of the study. The reporting
of this study conforms to the STROBE
guidelines,' and all patient details have
been de-identified.

Data for 521 consecutive patients with
FNFs (AO/OTA type 31B) who had been
treated by primary unilateral THA
(cemented  femoral component and
standard-device acetabular component;
Stryker Orthopaedics, Mahwah, NJ, USA)
from March 2009 to January 2021 were ret-
rospectively identified from the East China
Hip Arthroplasty Database. CNP was
defined as chronic pain that had developed
or increased in intensity after the surgical
procedure and persisted for 3 months after
the surgery in accordance with the
International Association for the Study of
Pain guidelines.! THA was performed using
a direct anterior approach. The key exclu-
sion criteria were deficient baseline data,
hypoesthesia (decreased response to a stim-
ulus  that is  normally  painful),’

hyperalgesia, allodynia, cancer pain, nerve
trauma, joint damage, gastric ulcers, endo-
metriosis, diseases related to cholesterol
metabolism, thyroid dysfunction, poly-
trauma, Paget’s disease, rheumatoid arthri-
tis, and consumption of lipid-lowering
medications.

Study endpoints

The primary endpoint was the association
between CNP and dyslipidemia in elderly
patients with FNFs treated by primary uni-
lateral THA. Pain measurement was per-
formed using a visual analog scale on the
first day after surgery. Assessment of serum
lipids was performed for each patient in
both groups. Serum lipids included total
cholesterol (TC), triglycerides (TGs), low-
density lipoprotein (LDL), high-density
lipoprotein (HDL), apolipoprotein Al
(apoAl), apolipoprotein B (apoB), apolipo-
protein E4 (apoE4), leptin, and adiponec-
tin. The blood samples were processed in
accordance with the method described in
previous reports.”?! Dyslipidemia was
defined as a TG concentration of >8.3
mmol/L, HDL concentration of <2.2
mmol/L, and LDL concentration of >8.9
mmol/L.*

Statistical analysis

The serum lipid variables are expressed as
mean + standard deviation. Categorical
variables were compared using the chi-
square test or Fisher’s exact test, and con-
tinuous variables were compared using
Student’s t-test for normally distributed
data and the Mann—Whitney U test for
non-normally distributed data. The primary
analysis of the association between CNP
and dyslipidemia was performed using a
multivariate binary logistic regression
model. All analyses were performed using
IBM SPSS Statistics for Windows, Version
26.0 (IBM Corp., Armonk, NY, USA). The
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level of significance was set at p <0.05 for
all statistical analyses.

Results

In total, 521 elderly individuals with FNFs
who had been treated by primary unilateral
THA and had available baseline data were
included in the study. Eighty-five patients
did not meet the study criteria, and the
remaining 436 patients were analyzed as
shown in Figure 1. The study population
was divided into patients with CNP
(Group CP, n=220) and patients without
CNP (Group NC, n=216). The median
age was 67.74 years (range, 61-73 years) in
the CP group and 67.65 years (range, 61-74
years) in the NC group with no significant
difference. In the baseline data on serum
lipids, we found significant differences in
leptin, adiponectin, TC, HDL, LDL, TGs,
apoE4, and apoE genotype (p < 0.001). The
mean leptin, adiponectin, LDL, TG, and
apoE4 carrier values were considerably
higher in the CP group than in the NC
group (p<0.001), and the mean TC and
HDL values were significantly lower in the
CP group than in the NC group (p < 0.001).
A significant difference was also detected in
the apoE genotype (p <0.001). No signifi-
cant differences were detected in the remain-
ing baseline data, as shown in Table 1.
Table 2 shows the results of the multivar-
iate binary logistic analysis of factors asso-
ciated with CNP in this cohort of elderly
patients with FNFs treated by primary uni-
lateral THA. Age, education, smoking, and
body mass index were not involved in this
analysis. In the quantile regression, the
adverse effect of CNP was significantly
attenuated by resilience in patients with a
high HDL concentration (p=0.003) and
low LDL concentration (p=0.001). This
effect appeared to be mainly driven by the
high HDL and low LDL. The multivariate
binary logistic regression model showed
that the HDL and LDL concentrations

were the only variables associated with the
development of CNP (odds ratio, 7.08; 95%
confidence interval, 4.30-8.72; p<0.001
and odds ratio, 6.51; 95% confidence inter-
val, 3.93-7.48; p<0.001, respectively).
Other variables (leptin, adiponectin, TC,
apoAl, apoB, TGs, apoE4, and apoE geno-
type) were not associated with CNP in the
present analysis.

Discussion

This retrospective study may provide evi-
dence that both a high LDL and low
HDL concentration are strongly associated
with the occurrence of CNP in elderly
patients with FNFs treated by primary uni-
lateral THA. Both a high LDL and low
HDL concentration may be the primary
risk factors for CNP in most patients.
Measurement of serum lipids may be par-
ticularly important for elderly patients with
CNP. Both a low LDL and high HDL con-
centration may have a favorable benefit—
risk profile for the prevention of CNP, but
the consumption of lipid-lowering drugs
may be increased in patients with both a
high LDL and low HDL concentration.

A series of clinical aggravations attribut-
ed to high-impact CNP have been frequent-
ly mentioned in published reports.*** These
aggravations have indisputably become
important factors restricting patients’ daily
activities.” In the present study, both a high
LDL and low HDL concentration tended
to be robust predictors of CNP. However,
we detected little evidence of a temporal
relationship between the occurrence of
CNP and the presence of dyslipidemia,
and we found no evidence that the occur-
rence of CNP can further aggravate dyslipi-
demia. CNP is usually recognized to arise
from altered neuronal activity that is asso-
ciated with a heightened perception of pain
(peripheral  and/or central sensitiza-
tion).*'>?* An elevated cholesterol level or
hyperlipemia (a high LDL level in
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From March 2009 to January 2021, data for 521
individuals with femoral neck fractures (AO/OTA type
31B) who were previously treated using primary
unilateral THA were identified from the East China Hip
Arthroplasty Database

-hypoesthesia (n =4)
-hyperalgesia (n = 7)
-allodynia (n = 9)
-cancer pain (n = 11)
-nerve trauma (n =5)
-joint damage (n = 3)
-gastric ulcer (n = 5)
-endometriosis (n = 2)

-poly-trauma (n = 4)
-Paget's disease (n=4)

Reasons for exclusion (n = 85)
-deficient baseline data (n = 14)

-diseases related to cholesterol metabolism (n = 4)
-thyroid dysfunction (n = 4)

-rheumatoid arthritis (n = 4)
-consumption of lipid-lowering medications (n = 4)

Group CP (n = 220)

Group NC (n = 216)

Figure |. Flow diagram demonstrating selection of patients for evaluation of the association between
chronic non-malignant pain and dyslipidemia in a cohort of elderly individuals with femoral neck fractures
treated by primary unilateral total hip arthroplasty, and reasons for exclusion

THA, total hip arthroplasty; Group CP, chronic non-malignant pain group; Group NC, normal controls.

particular) may be an important risk factor
for the occurrence of CNP.'*!
Dyslipidemia is associated with an
increased risk of the development of athero-
sclerosis.? Several studies have demonstrat-
ed that atherosclerosis promotes neuronal
degeneration or neurotransmitter synthesis
disorder,”*?” which leads to a disorderly
increase in lipid metabolites (such as oxi-
dized lipids). The accumulation of oxidized
lipids in the microvasculature stimulates the
local release of inflammatory mediators,”®
which can directly initiate and accelerate
sensitization of pain-sensing nociceptors
located at functional afferent neurons.”

Previous studies of CNP tended to under-
rate serum lipids among elderly individuals,
focusing instead on the management of
high-impact CNP.'*** Recent studies have
shown that dyslipidemia may be one of the
most important contributors to CNP,*%!
and even more recent studies have revealed
that the plasma lipidomic profile is associated
with CNP.*>* However, the role of dyslipi-
demia in the occurrence and development of
CNP remains controversial.'® A few studies
regarding the effect of dyslipidemia on CNP
have shown that hydroxymethylglutaryl-
coenzyme A (HMG-CoA) reductase inhibi-
tors (such as atorvastatin) can competitively
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Table |. Patient demographics

Variable CP (n=1220) NC (n=216) p-value®
Age, years 67.74+6.22 67.65+6.48 0.125
Sex, male/female 88/132 94/122 0.457
Education, years 1543 +8.16 15.61 +-8.49 0.181
Smoking, years 8.57+5.48 861 +6.13 0.296
BMI, kg/m? 2547 £7.96 25.52+8.05 0.157
Leptin, ng/mL 13.11 £8.69 8.83+5.42 <0.001*
Adiponectin, ug/mL 16.73+£9.26 8.65+6.97 <0.001*
TC, mmol/L 435+ 1.84 491 £1.43 <0.001*
HDL, mmol/L 1.69 +£0.49 3.641+0.8I <0.001*
LDL, mmol/L 13.72 £ 4.46 6.76 - 1.96 <0.001*
TGs, mmol/L 11.41 £2.28 647+ 1.76 <0.001*
apoAl, mg/dL 100.22 £ 17.08 101.27 £19.26 0.201
apoB, mg/dL 56.34 1+ 14.29 56.78 £ 15.37 0.363
apoE4 carrier, % 55.7 38.6 <0.001*
apoE genotype, % <0.001*

E2/2 4.1 5.4

E2/3 83 14.7

E2/4 2.4 7.3

E3/3 41.3 38.2

E3/4 39.7 34.6

E4/4 43 3.6

Data are presented as mean = standard deviation or n (%).

#Categorical variables were compared using the chi-square test or Fisher’s exact test; continuous variables were com-
pared using Student’s t-test for normally distributed data and the Mann—Whitney U test for non-normally distributed data.
CP, chronic non-malignant pain group; NC, normal controls; BMI, body mass index; TC, total cholesterol; HDL, high-

density lipoprotein; LDL, low-density lipoprotein; TGs, triglycerides; apoAl, apolipoprotein Al; apoB, apolipoprotein B;

apoE4, apolipoprotein E4.
*Significant difference (p < 0.05).

inhibit the conversion of HMG-CoA to
mevalonic acid.*** Although HMG-CoA
reductase inhibitors represent an encouraging
opportunity to improve the management of
CNP.** clinical application is limited and few
products appear to be in use for CNP.'" In
2013, Pathak et al.*® assessed the antihyper-
algesic and anti-inflammatory effects of ator-
vastatin in a chronic constriction injury
model of neuropathic pain in rats. The
results showed that atorvastatin tends to
be a supplementary therapeutic option in
treating neuropathic pain. In 2014, Pathak
et al.’” further evaluated the effect of ator-
vastatin on oxidative stress and hyperalge-
sia in a chronic constriction injury model
of neuropathic pain in rats. The results

demonstrated that atorvastatin attenuates
neuropathic pain by down-regulating oxi-
dative damage at peripheral levels.
Analogously, Ala et al.'"* investigated the
efficacy of atorvastatin in reducing post-
operative pain in 66 patients who under-
went open hemorrhoidectomy in a
randomized, placebo-controlled trial. The
results demonstrated that atorvastatin
reduces postoperative pain and decreased
opioid requirements compared with place-
bo. Based on comparable scenarios, sever-
al other studies have revealed that
dyslipidemia is apt to instigate the occur-
rence of CNP and that the onset of dysli-
pidemia is significantly associated with the
duration and extent of CNP,'3:16-3%
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Table 2. Multivariate binary logistic regression analysis of factors associated with chronic non-malignant in
the present cohort of elderly patients with femoral neck fractures treated by primary unilateral total hip

arthroplasty

Regression Standard

Factors coefficient (f3) error Odds ratio 95% Cl )52 p-value
Leptin 0.46 0.127 2.23 0.54-3.76 3.26 0.374
Adiponectin 031 0.264 2.18 0.65-2.71 3.79 0216
TC 0.75 0.375 1.90 0.22-3.16 4.15 0.154
TGs 0.58 0213 2.03 0.51-3.01 3.25 0.243
LDL 1.27 0.325 6.51 3.93-7.48 3.09 <0.001"
HDL 0.56 0.129 7.08 4.30-8.72 2.31 <0.001"
apoAl 0.35 1.942 1.49 0.87-5.35 4.79 0.361
apoB 1.74 3.251 1.18 0.43-2.42 4.12 0.284
apoE4 carrier 2.35 2.130 2.74 0.81-3.68 2.56 0.178
apoE genotype 2.43 1.482 4.36 0.30-5.71 1.43 0.191

Cl, confidence interval; TC, total cholesterol; TGs, triglycerides; LDL, low-density lipoprotein; HDL, high-density lipo-
protein; apoAl, apolipoprotein Al; apoB, apolipoprotein B; apoE, apolipoprotein E

*Significant association (p < 0.05).

Dyslipidemia is involved in the evolution
of CNP.** In this process, oxidized lipids
frequently inhibit or interrupt the normal
nerve signal transmission pathway, trigger-
ing the enhancement of neuronal feedback
and promoting the excessive release of neu-
rotransmitters; this eventually leads to the
establishment of abnormal signal transmis-
sion pathways and the occurrence of
CNP.%? However, CNP further induces
the release of inflammatory mediators,
which further aggravates or worsens dysli-
pidemia and finally leads to breakdown of
the lipid metabolic balance.”®*’
Dyslipidemia plays a key role in this vicious
circle. This is primarily because dyslipide-
mia can not only directly trigger the release
of neurotransmitters but also promote the
explosive release of inflammatory factors
through the immune response.'>'®

The results of this retrospective study
should be interpreted in light of several
key limitations. First, the retrospective
nature of the study and the exclusion crite-
ria somewhat limit our ability to draw

reliable conclusions. Second, the sample
size was relatively small, restricting the esti-
mation of  consistent  conclusions.
Replication of the study with a larger
sample size appears to be necessary.
Furthermore, several subjective outcome
measures (such as age, education, and
smoking) were included in the study, and
subjective self-assessment could result in
potential reporting bias. Third, some
comorbidities were not involved when eval-
uating the baseline data. Fourth, stratifica-
tion of dyslipidemia was not performed in
this study, which may have introduced a
deviation. Fifth, the lack of generalizability
is inevitable because our study population
comprised elderly patients, the direct ante-
rior approach was used for THA in all
patients, and strict exclusion criteria were
applied. Finally, although our study fol-
lowed the general principles of research
and the factors influencing CNP were mul-
tifaceted, involving both laboratory and
non-laboratory parameters (i.e., duration
of the operation, surgical approach), these
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factors are relatively fixed, and interven-
tions for dyslipidemia may have a certain
impact on the outcome of CNP.

In conclusion, the results of this retro-
spective study reveal that both a low HDL
and high LDL concentration tend to be
associated with the occurrence of CNP in
elderly patients with FNFs treated by pri-
mary unilateral THA. This implies that dys-
lipidemia may be involved in the occurrence
of CNP in these elderly patients. Given the
retrospective nature of this study and the
small sample size, future large-sample ran-
domized controlled studies are needed to
determine whether such a relationship
exists.
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