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Abstract
Purpose  It is still unclear how lumbar spinal surgery affects the lipid metabolism of patients with lumbar spinal disorders 
(LSDs) such as lumbar spinal canal stenosis and lumbar disk herniation. The present study aimed to assess the impact of 
lumbar spinal surgery on lipid metabolism in patients with LSDs and clarify the factors associated with changes in visceral 
fat (VF) accumulation before and after lumbar spinal surgery.
Methods  Consecutive patients with lumbar spinal surgery for LSDs were prospectively included. Abdominal computed 
tomography images and blood examination of the participants were evaluated before surgery and at 6 months and 1 year 
after surgery. The cross-sectional VF area (VFA) was measured at the level of the navel using computed tomography images. 
Blood examination items included triglycerides and high-density lipoprotein (HDL).
Results  The study enrolled a total of 138 patients. Female patients with LSDs had significantly increased VFA and serum 
triglyceride levels after lumbar spinal surgery. On multivariable analysis, the group with > 100 cm2 of preoperative VFA and 
a postoperative decrease in VFA had a significantly worse preoperative walking ability based on the Japanese Orthopaedic 
Association Back Pain Evaluation Questionnaire (relative risk 2.1; 95% confidence intervals 1.1–4.1).
Conclusions  The present study demonstrated that patients with LSDs did not necessarily improve their lipid metabolism 
after lumbar spinal surgery. Instead, female patients with LSDs had significantly deteriorated lipid metabolism after lumbar 
spinal surgery. Finally, a worse preoperative walking ability was associated with the improvement in excess VF accumula-
tion after lumbar spinal surgery.
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Introduction

Lumbar spinal disorders (LSDs) such as lumbar spinal 
canal stenosis and lumbar disk herniation are globally 
common musculoskeletal conditions. With societal aging, 
the number of patients with LSDs has increased [1]. LSDs 
are involved in mobility reduction and social life decline 
because of low back pain, leg pain, motor weakness, and 
sensory disturbances of lower extremities, and intermit-
tent claudication [2, 3]. In addition, older patients with 
LSDs were prescribed multiple medications because of 
multiple comorbidities [4–6]. Among comorbidities, 
metabolic syndrome was reported as a disorder in which 
lumbar spinal canal stenosis is potentially involved [7]. 
Decreasing physical activity due to lumbar spinal steno-
sis was speculated to mediate the incidence of metabolic 
syndrome [7].

According to guidelines [8, 9], those with visceral 
fat (VF) accumulation accompanied by any two of dys-
lipidemia, hypertension, and diabetes mellitus (DM) are 
diagnosed with metabolic syndrome. VF accumulation 
can be defined as the cross-sectional area of viscous adi-
pose tissue measured at the level of the navel using com-
puted tomography (CT) ≥ 100 cm2 [9]. Serum levels of 
triglycerides, high-density lipoprotein (HDL), and fasting 
plasma glucose are parameters commonly used for dys-
lipidemia and type 2 DM, respectively [8, 9]. Lifestyle 
guidance including exercise is the first line of treatment 
for metabolic syndrome [8, 9].

Although conservative therapy is recommended as the 
first-line treatment for LSDs according to the guidelines, 
it should not be continued unnecessarily in cases with 
severe and long-standing symptoms due to polyphar-
macy and medical costs as well as treatment resistance 
to surgery [2, 3, 6, 10]. In surgery for LSDs, the 2-year 
outcomes of surgery have been reported to be better than 
conservative therapy, although the choice of decompres-
sion alone or combination of decompression and fusion 
should be considered depending on the case [10]. In gen-
eral, lumbar spinal surgery for patients with LSDs has 
shown efficacy on pain, motor function, social life, psy-
chology, and healthy life expectancy [11–16]; however, 
it is still unclear how lumbar spinal surgery affects the 
lipid metabolism of patients with LSDs. Thus, this study 
primarily aimed to assess the impact of lumbar spinal sur-
gery on lipid metabolism by measuring pre- and postop-
erative VF accumulation and serum levels of triglycerides 
and HDL in patients with lumbar spinal surgery for LSDs. 
The secondary aim was to clarify the factors associated 
with changes in lipid metabolism before and after lumbar 
spinal surgery.

Materials and methods

Study participants

We prospectively enrolled the patients aged ≥ 30 years 
who were scheduled to undergo surgical treatment for 
LSDs at a single hospital between April 2021 and March 
2022. The follow-up period was 1 year. LSDs included 
lumbar spinal canal stenosis, lumbar degenerative spon-
dylolisthesis, lumbar spondylolytic spondylolisthesis, and 
lumbar disk herniation. Lumbar spinal surgery was indi-
cated for patients with apparent symptoms and who had no 
efficacy of conservative therapy [2, 3, 10]. The diagnosis 
of LSDs was confirmed by magnetic resonance imaging, 
CT, or myelography. Degenerative lumbar scoliosis was 
defined as a Cobb angle ≥ 10°. Lumbar spinal fusion was 
basically recommended for patients with lumbar degenera-
tive spondylolisthesis and spondylolytic spondylolisthesis. 
Patients with an upper instrumented level of thoracic spine 
or lower instrumented level of the pelvis were excluded.

Data collection

Spinal CT images of participants were examined before 
surgery and at 6 months and 1 year after surgery. The 
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Fig. 1   Caluculation of visceral fat area (VFA). A Computed tomog-
raphy image of the VFA (red) at the level of the navel. B Correlation 
between body mass index (BMI) and VFA. R, correlation coefficient
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cross-sectional VF area (VFA) at the level of the navel 
on CT images was calculated using Vitrea (Canon Medi-
cal Systems Corporation, Tochigi, Japan) (Fig.  1A). 
Because one of the criteria for metabolic syndrome is 
VFA ≥ 100 cm2 [9], we used 100 cm2 of VFA on CT as the 
cut-off value for grouping in this study. Blood examination 
of each participant was also performed before surgery, and 
at 6 months and 1 year after surgery. Blood examination 
items included triglycerides and HDL. The participants 
completed the following clinical outcome assessments 
before surgery, and at 6 months and 1 year after surgery: 
the Zurich Claudication Questionnaire (ZCQ) and the 
Japanese Orthopaedic Association Back Pain Evalua-
tion Questionnaire (JOABPEQ). The following patient 
data were collected: age; sex; body mass index (BMI); 
duration of conservative therapy before surgery; medical 
history, including DM, hypertension, dyslipidemia, and 
degenerative lumbar scoliosis; and perioperative factors 
including surgical procedures, surgical time, and surgical 
blood loss. Surgical treatment was considered effective 
in each domain of the JOABPEQ according to a previous 
study [17].

CT examinations

All CT examinations were performed as spinal CT examina-
tions, which were covered entire abdomen from diaphragm 
to pelvis and reconstructed as spinal CT with bone algorithm 
and bone window setting and abdominal CT with abdominal 
window setting. CT data were obtained with a 64-detec-
tor row CT scanner (Revolution Maxima: GE Healthcare, 
Chicago, IL, USA). CT examinations were conducted as 
unenhanced CT with helical scanning using the following 
parameters: 64 × 0.625 mm collimation, auto mA with image 
noise, 120 kVp, 0.516 beam pitch, 0.7 s gantry rotation time, 
512 × 512 matrix, and 320-mm field of view. All CT data 
were then reconstructed with the filtered back projection or 
hybrid iterative reconstruction (ASIR-V4, GE) methods in 
contiguous section thickness of 5 mm and used for generat-
ing the lung reconstruction kernel as a soft tissue kernel 
(GE). All CT examinations were performed with breath-
holding at end expiration.

Statistical analyses

Data among groups were compared using the chi-squared 
test, Wilcoxon signed-rank test, or Kruskal–Wallis test as 
appropriate. Correlations between BMI and VFA were eval-
uated by Spearman correlation coefficients. We constructed 
a Poisson regression model to explore the factors, includ-
ing age, sex, BMI, medical history including hypertension, 
dyslipidemia, and diabetes mellitus, surgical procedure, and 
preoperative score in 5 domains of JOABPEQ, associated 

with changes in visceral fat accumulation before and after 
lumbar spinal surgery. Considering that Poisson regression 
model have the advantage to estimate direct relative risk 
[18], it was selected to directly estimate relative risk, which 
adjusted for age and sex, for preoperative VFA ≥ 100 cm2 
and 1-year postoperative decrease of VFA. In this model, 
the JOABPEQ scores were categorized in tertiles to account 
for the number of samples according to a previous study 
[6]. Poisson regression was performed using the STATA16 
software (Stata Corporation, College Station, TX, USA). P 
values < 0.05 to indicate statistical significance.

Results

The study enrolled a total of 138 patients. Table 1 summa-
rizes the characteristics of participants, and Table 2 shows 
the preoperative and 6-month and 1-year postoperative ZCQ 
scores including symptom severity and physical function 
and JOABPEQ scores. The 6-month and 1-year postopera-
tive ZCQ and JOABPEQ scores were significantly improved 
compared with the baseline data in all domains (Table 2).

First, to examine the association between VFA and BMI, 
we calculated the correlation coefficient between preopera-
tive VFA and preoperative BMI for participants and found a 
correlation coefficient of 0.62, indicating a moderate correla-
tion (Fig. 1B). Table 3 shows preoperative and 6-month and 

Table 1   Baseline Characteristics

BMI body mass index

Patients n = 138

Gender Male: 75, female: 63
Age (years) 62.4 ± 14.2
BMI (kg/m2) 23.8 ± 3.8
Duration of conservative therapy before surgery
< 6 months 67 (48.6%)
>  = 6 months, < 1 year 34 (24.6%)
>  = 1 year, < 3 year 16 (11.6%)
>  = 3 years 19 (13.8%)
Unclear 2 (1.4%)
Medical history
Diabetes mellitus 16 (11.6%)
Hypertension 52 (37.7%)
Dyslipidemia 39 (28.3%)
Degenerative lumbar scoliosis 18 (13.0%)
Surgical procedure
Decompression alone 81 (58.7%)
Fusion alone 9 (6.5%)
Decompression + fusion 48 (34.8%)
Surgical time (min) 82.3 ± 54.1
Surgical blood loss (ml) 46.5 ± 74.3
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1-year postoperative data for VFA on CT and serum levels 
of triglycerides and HDL in blood examination. VFA tended 
to increase after surgery as a whole (Table 3). No signifi-
cant changes were seen in men; however, significant changes 
were seen in women 6 months and 1 year after surgery com-
pared with before surgery (Table 3). In blood examination, 
triglyceride levels also tended to increase after surgery as a 
whole (Table 3). While men showed no significant changes, 
women showed significant changes 6 months and 1 year after 
surgery compared with before surgery (Table 3). Meanwhile, 
HDL levels tended to decrease both as a whole and by sex; 
however, none of these changes were significant (Table 3).

When the participants were divided into two groups 
based on whether VFA increased or decreased 1 year after 

surgery, each group included 55.8% (n = 77) and 44.2% 
(n = 61) of the patients, respectively. Figure 2 shows the per-
centage of the four groups that were further divided based 
on whether the preoperative VFA was greater or less than 
100 cm2; group A, postoperative increase in VFA and pre-
operative VFA < 100 cm2; group B, postoperative increase 
in VFA and preoperative VFA ≥ 100 cm2; group C, postop-
erative decrease in VFA and preoperative VFA < 100 cm2; 
group D, postoperative decrease in VFA and preoperative 
VFA ≥ 100 cm2 (Fig. 2). In the present study, we exam-
ined whether the preoperative JOABPEQ scores for each 
domain differed among these four groups (Table 4). How-
ever, no significant difference in the preoperative score of 
each JOABPEQ domain was found among the four groups 

Table 2   Valuables of patient 
reported outcome at baseline 
and follow-up after surgery 
(n = 138)

ZCQ Zurich Claudication Questionnaire, JOABPEQJOA Back Pain Evaluation Questionnaire
*Wilcoxon signed-rank test

Median (25–75% tile) p value*

Preoperation 6POM 1POY preoperation 
versus 6POM

preoperation 
versus 1POY

ZCQ
Symptom severity 3.3 (2.9–3.7) 1.9 (1.0–2.4) 1.7 (0.9–2.3) < 0.001 < 0.001
Physical function 2.8 (2.2–3.2) 0.8 (0.5–1.5) 0.5 (0–1.5) < 0.001 < 0.001
JOABPEQ
Pain disorder 43 (14–71) 100 (71–100) 100 (86–100) < 0.001 < 0.001
Lumbar function 50 (25–75) 83 (67–100) 92 (83–100) < 0.001 < 0.001
Walking ability 21 (0–43) 100 (64–100) 100 (71–100) < 0.001 < 0.001
Social life 35 (22–51) 78 (57–100) 78 (58–100) < 0.001 < 0.001
Psychological disorder 44 (32–53) 67 (53–80) 68 (53–82) < 0.001 < 0.001

Table 3   Visceral fat area on CT 
and serum levels of triglyceride 
and high-density lipoprotein 
cholesterol at baseline and 
follow-up after surgery 
(n = 138)

HDL high-density lipoprotein cholesterol
*Wilcoxon signed-rank test

Preoperation 6POM 1POY p value*

Preoperation 
versus 6POM

Preoperation 
versus 1POY

CT
Visceral fat area (cm2)
Whole (n = 138) 99.5 ± 47.2 100.6 ± 51.1 104.0 ± 53.6 0.342 0.08
Men (n = 75) 110.3 ± 47.7 108.5 ± 53.6 114.3 ± 57.3 0.663 0.655
Women (n = 63) 85.6 ± 43.1 89.5 ± 45.9 91.7 ± 46.5 0.024 0.012
Laboratory data
Triglyceride (mg/dl)
Whole (n = 138) 137.0 ± 79.8 144.4 ± 80.6 142.6 ± 70.7 0.074 0.09
Men (n = 75) 138.0 ± 80.1 141.8 ± 84.6 138.3 ± 67.8 0.629 0.545
Women (n = 63) 135.7 ± 80.0 148.1 ± 76.1 147.6 ± 74.2 0.028 0.048
HDL (mg/dl)
Whole (n = 138) 63.1 ± 16.4 62.8 ± 16.2 61.8 ± 15.6 0.731 0.185
Men (n = 75) 60.0 ± 15.5 59.0 ± 15.5 57.8 ± 14.4 0.39 0.63
Women (n = 63) 67.1 ± 16.7 67.7 ± 15.7 66.6 ± 15.8 0.723 0.92
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(Table 4). Then, the frequency of effective cases of surgi-
cal treatment in each domain for JOABPEQ was compared 
among the four groups (Fig. 3). However, they also showed 
no significant differences among the four groups (Fig. 3). 
Next, the participants were divided into two groups based on 
whether surgery was effective or ineffective in each domain 
of the JOABPEQ, and the frequency of postoperative VFA 
increase or decrease was compared between the two groups 
(Fig. 4). In this analysis, there were no significant differences 
in the frequency of postoperative VFA increase or decrease 
between the two groups in all domains.

Finally, to identify the characteristics of those with a pre-
operative VFA ≥ 100 cm2 and a decrease in VFA 1 year after 
surgery, we used a Poisson regression model to examine the 
factors associated with this group. After adjusting for age 
and sex, a lower score in the walking ability of preopera-
tive JOABPEQ was associated with an increased risk of this 
group (RR 2.1; 95% CI 1.1–4.1) (Table 5).
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Group D: Postoperative decrease of VFA and Preoperative VFA ≥ 100 cm2
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Fig. 2   Distribution of the four groups

Table 4   Comparison of preoperative scores of each domain for JOABPEQ among four groups

JOABPEQ Japanese Orthopaedic Association Back Pain Evaluation Questionnaire
*Kruskal–Wallis test

Postoperative increase Postoperative decrease p value*

Group A 
VFA < 100 cm2 
(n = 44)

Group 
BVFA >  = 100 cm2 
(n = 33)

Group 
CVFA < 100 cm2 
(n = 27)

Group 
DVFA >  = 100 cm2 
(n = 34)

Pain disorder 43 (14–71) 30 (0–71) 43 (14–57) 43 (29–71) 0.47
Lumbar function 50 (40–77) 50 (42–75) 58 (42–83) 50 (33–83) 0.848
Walking ability 40 (12–57) 43 (14–43) 29 (21–64) 25 (7–48) 0.547
Social life 45 (32–51) 32 (22–51) 46 (31–51) 45 (26–51) 0.455
Psychological disorder 46 (34–51) 45 (36–53) 39 (34–51) 43 (36–59) 0.788
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Fig. 3   Comparison of the frequency of effective cases of surgical 
treatment among the four groups. Group A, postoperative increase 
in the visceral fat area (VFA) and reoperative VFA < 100  cm2 
(n = 44); group B, postoperative increase in the VFA and preoperative 
VFA ≥ 100 cm2 (n = 33); group C, postoperative decrease in the VFA 
and preoperative VFA < 100 cm2 (n = 27); and group D, postoperative 
decrease in the VFA and preoperative VFA ≥ 100 cm2 (n = 34)
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Discussion

This study followed the lipid metabolism of patients with 
LSDs who underwent lumbar spinal surgery. Overall, 
patients with LSDs tended to have increased VFA and 
increased triglyceride and decreased HDL levels on blood 
examination after lumbar spinal surgery, indicating that the 
lipid metabolism of patients with LSDs tended to deteriorate 
after lumbar spinal surgery. In particular, female patients 
with LSDs had significantly increased VFA and increased 
serum levels of triglycerides after lumbar spinal surgery. The 
multivariable analysis showed that the group with > 100 cm2 
of preoperative VFA and a postoperative decrease in VFA 
had significantly worse preoperative walking ability.

Considering that lumbar spinal surgery improves motor 
function weakness and impaired social life in patients 
with LSDs [11, 12, 14], the lipid metabolism of patients 
with LSDs may have improved. Meanwhile, considering 
that improvement in psychological disorders could lead 
to increased appetite [19], lumbar spinal surgery has the 
potential to deteriorate lipid metabolism as psychological 
disorders improved [15]. The results of this study indicated 
that lipid metabolism in patients with LSDs tends to deterio-
rate with lumbar spinal surgery. Separate analyses for men 
and women showed that this was true for women. Because 
women were reported to have a less daily exercise [20], lipid 
metabolism in female patients with LSDs may more strongly 
reflect improved psychological impairment than improve-
ments in motor function following lumbar spinal surgery 
than male patients with LSDs. However, patients with LSDs 
who are not diagnosed with metabolic syndrome or obesity 
do not need to improve their lipid metabolism after lumbar 
spinal surgery. Therefore, most importantly, LSD patients 
with a preoperative diagnosis of metabolic syndrome or obe-
sity will have their lipid metabolism improved by lumbar 
spinal surgery. In this study, we attempted to identify associ-
ated factors using multivariable analysis, with a preoperative 
VFA of ≥ 100 cm2 and a decrease in postoperative VFA 
as objective variables. On multivariable analysis, a lower 
walking ability before lumbar spinal surgery was associ-
ated with VFA improvement. Given that LSD patients with 
lower walking ability before lumbar surgery are more likely 
to cause metabolic syndrome because of decreased physi-
cal activity and that such patients may have improved lipid 
metabolism because of improved walking ability following 
lumbar spinal surgery, these results are to some extent con-
sistent with our clinical impression. Conversely, our results 
also indicate that lumbar surgery alone does not improve 
the lipid metabolism of patients with LSDs. According to 
the previous study [21], patients who underwent total knee 
replacement for knee osteoarthritis, another common mus-
culoskeletal degenerative disease, showed no change in the 

frequency of metabolic syndrome 2 years postoperatively. 
These findings may suggest the importance of postopera-
tive lifestyle guidance for the improvement of lipid metabo-
lism in patients with musculoskeletal degenerative diseases. 
Regarding clinical research, the results of this study were 
not conclusive because the study participants did not receive 
uniform postoperative lifestyle guidance, including exer-
cise. To accurately assess changes in lipid metabolism after 
lumbar spinal surgery in patients with LSDs, all patients 
with LSDs should receive the similar postoperative lifestyle 
guidance.

This study had several limitations. First, the number of 
participants is limited. A larger sample is needed to gain 
a more comprehensive understanding of lipid metabolism 
in patients with surgical LSDs. In particular, multivariable 
analysis for identifying factors involved in VFA improve-
ment may yield more meaningful results if conducted in 
a larger number of patients. Second, this study did not 
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include patients with LSDs receiving conservative ther-
apy as a control group. VF has been reported to likely 
increase with age because of a decrease in muscle mass 

and a decrease in basal metabolic rate with age [22, 23]. 
Thus, whether our findings are specific to lumbar spinal 
surgery remains unclear. Third, the follow-up duration of 

Table 5   Poisson regression model of a preoperative visceral fat area  ≥ 100 cm2 and a decrease in visceral fat area 1 year after surgery

No. of par-
ticipants

No. of 
outcome

Incidence (%) p value by chi-
square test

Age & sex-adjusted 
relative risk (RR)

95% confidence 
interval (CI)

p value

Age
  < 50 32 6 18.8 0.11 Reference
  50–64 38 11 29.0 1.6 (0.7–3.9) 0.29
  65–74 36 13 36.1 1.9 (0.8–4.4) 0.13
  > 74 32 4 12.5 0.8 (0.3–2.8) 0.78
Sex
  Women 63 10 15.9 0.03 Reference
  Men 75 24 32.0 1.8 (0.9–3.4) 0.10
BMI (kg/m2)
  < 25.0 93 19 20.4 0.10 Reference
  >  = 25.0 45 15 33.3 1.5 (0.8–2.6) 0.16
Hypertension
  No 86 18 20.9 0.19 Reference
  Yes 52 16 30.8 1.5 (0.8–2.7) 0.22
Dyslipidemia
  No 99 22 22.2 0.29 Reference
  Yes 39 12 30.8 1.7 (1.0–3.2) 0.06
Diabetes mellitus
  No 122 30 24.6 0.97 Reference
  Yes 16 4 25.0 1.0 (0.4–2.6) 0.99
Surgical procedure
  Decompression alone 81 22 27.2 0.41 Reference
  Fusion 57 12 21.1 0.7 (0.4–1.2) 0.18
JOABPEQ
  Pain disorder
    Tertile1 (score < 29) 42 6 14.4 0.17 0.5 (0.2–1.1) 0.08
    Tertile2 46 13 28.3 0.9 (0.5–1.7) 0.83
    Tertile3 (score > 43) 50 15 30.0 Reference
  Lumbar function
    Tertile1 (score < 42) 35 10 28.6 0.76 1.2 (0.6–2.4) 0.58
    Tertile2 51 11 21.6 1.0 (0.5–1.9) 0.91
    Tertile3 (score > 67) 52 13 25.0 Reference
  Walking ability
    Tertile1 (score < 21) 42 15 35.7 0.12 2.1 (1.1–4.1) 0.02
    Tertile2 36 8 22.2 1.1 (0.5–2.5) 0.74
    Tertile3 (score > 36) 60 11 18.3 Reference
  Social life
    Tertile1 (score < 32) 44 12 27.3 0.50 1.4 (0.6–2.9) 0.43
    Tertile2 46 13 28.3 1.4 (0.7–2.9) 0.33
    Tertile3 (score > 49) 48 9 18.8 Reference
  Psychological disorder
    Tertile1 (score < 39) 45 10 22.2 0.66 1.0 (0.5–2.1) 0.98
    Tertile2 44 13 29.6 1.4 (0.7–2.7) 0.32
    Tertile3 (score > 48) 49 11 22.5 Reference
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1 year was insufficient to assess the impact of lumbar spi-
nal surgery on lipid metabolism. In the longer term, the 
impact of lumbar surgery on lipid metabolism in patients 
with LSDs may be different. Fourth, given that metabolic 
syndrome is more likely to occur in middle-aged individu-
als than in older people [24, 25] and that a significant 
relationship between lumbar spinal canal stenosis and 
metabolic syndrome has been observed in people aged 
< 65 years [7], this study should have focused primarily 
on those aged < 65 years. Fifth, this study only analyzed 
VFA on CT images and serum triglyceride and HDL levels 
in blood examination and did not examine metabolic syn-
drome based on diagnostic criteria. Finally, we have not 
examined potential variations in exercise levels or dietary 
habits that could underlie the observed changes in VFA 
and serum triglycerides levels in female patients after sur-
gery. The absence of evaluation of these variables was one 
of limitations in this study. To the best of our knowledge, 
however, this is the first prospective study to assess lipid 
metabolism in patients with LSDs who underwent surgery. 
This study could provide useful information for both phy-
sicians and surgeons.

In conclusion, the results of this study demonstrated 
that patients with LSDs did not necessarily have improved 
lipid metabolism after lumbar spinal surgery. Instead, 
female patients with LSDs had significantly deteriorated 
the status after lumbar spinal surgery. Finally, the multi-
variable analysis indicated that a worse preoperative walk-
ing ability was associated with the improvement in excess 
VF accumulation after lumbar spinal surgery.

Acknowledgements  Yoshiharu Ohno, M.D., Ph.D. has a research grant 
from Canon Medical Systems Corporation. Hirona Kimata T.M. is an 
employee of Canon Medical Systems Corporation but did not have 
control over any of the data and information submitted for publica-
tion or which data and information were to be included in this study. 
This study was technically supported by Canon Medical Systems 
Corporation.

Funding  No source of funding.

Declarations 

Conflict of interest  None of the authors has any potential conflict of 
interest.

Ethical approval  This study enrolled only patients who agreed to 
participate in the study after being informed about risk of radiation 
exposure from CT as well as the study protocol approved by the eth-
ics committee of our institution (approval number, 2020–02). All par-
ticipants individually provided written informed consent. All study 
methods were conducted in accordance with the guidelines set out in 
the Declaration of Helsinki.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 

provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Musculoskeletal conditions. https://​www.​who.​int/​news-​room/​
fact-​sheets/​detail/​muscu​loske​letal-​condi​tions. Accessed 2022 
July 14 

	 2.	 Kreiner DS, Shaffer WO, Baisden JL, Gilbert TJ, Summers JT, 
Toton JF, Hwang SW, Mendel RC, Reitman CA, North Ameri-
can Spine Society (2013) An evidence-based clinical guideline 
for the diagnosis and treatment of degenerative lumbar spinal 
stenosis (update). Spine J 13(7):734–743

	 3.	 Kreiner DS, Hwang SW, Easa JE, Resnick DK, Baisden JL, Bess 
S, Cho CH, DePalma MJ, Dougherty P 2nd, Fernand R, Ghiselli 
G, Hanna AS, Lamer T, Lisi AJ, Mazanec DJ, Meagher RJ, 
Nucci RC, Patel RD, Sembrano JN, Sharma AK, Summers JT, 
Taleghani CK, Tontz WL Jr, Toton JF, North American Spine 
Society (2014) An evidence-based clinical guideline for the 
diagnosis and treatment of lumbar disc herniation with radicu-
lopathy. Spine J 14(1):180–191

	 4.	 Uesugi K, Sekiguchi M, Kikuchi S (1976) Relationship between 
lumbar spinal stenosis and lifestyle-related disorders: a cross-
sectional multicenter observational study. Spine 38(9):540–545

	 5.	 Sato K, Inagaki R, Michikawa T, Kawabata S, Ito K, Morita M, 
Hayakawa K, Kaneko S, Yamada S, Fujita N (2022) Prescription 
drug survey of elderly patients with degenerative musculoskel-
etal disorders. Geriatr Gerontol Int 22(2):121–126

	 6.	 Nagai S, Inagaki R, Michikawa T, Kawabata S, Ito K, Hachiya 
K, Takeda H, Ikeda D, Kaneko S, Yamada S, Fujita N (2023) 
Efficacy of surgical treatment on polypharmacy of elderly 
patients with lumbar spinal canal stenosis: retrospective explor-
atory research. BMC Geriatr 23(1):169

	 7.	 Ono R, Takegami M, Yamamoto Y, Yamazaki S, Otani K, Seki-
guchi M, Konno SI, Kikuchi SI, Fukuhara S (2022) Impact of 
lumbar spinal stenosis on metabolic syndrome incidence in 
community-dwelling adults in Aizu cohort study (LOHAS). 
Sci Rep 12(1):11246

	 8.	 Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, 
Franklin BA, Gordon DJ, Krauss RM, Savage PJ, Smith SC 
Jr, Spertus JA, Costa F, American Heart Association; National 
Heart, Lung, and Blood Institute (2005) Diagnosis and manage-
ment of the metabolic syndrome: an american heart association/
national heart, lung, and blood institute scientific statement. 
Circulation 112(17):2735–2752

	 9.	 (2005) Definition and the diagnostic standard for metabolic syn-
drome, Committee to evaluate diagnostic standards for meta-
bolic syndrome. Nihon Naika Gakkai Zasshi, 94(4):794–809.

	10.	 Kawakami M, Takeshita K, Inoue G, Sekiguchi M, Fujiwara Y, 
Hoshino M, Kaito T, Kawaguchi Y, Minetama M, Orita S, Taka-
hata M, Tsuchiya K, Tsuji T, Yamada H, Watanabe K, Struc-
tured abstract preparation team (2023) Japanese Orthopaedic 
Association (JOA) clinical practice guidelines on the manage-
ment of lumbar spinal stenosis, 2021-secondary publication. J 
Orthop Sci 28(1):46–91

	11.	 Fritsch CG, Ferreira ML, Maher CG, Herbert RD, Pinto RZ, 
Koes B, Ferreira PH (2017) The clinical course of pain and 

http://creativecommons.org/licenses/by/4.0/
https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-conditions
https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-conditions


4161European Spine Journal (2023) 32:4153–4161	

1 3

disability following surgery for spinal stenosis: a system-
atic review and meta-analysis of cohort studies. Eur Spine J 
26(2):324–335

	12.	 Mariconda M, Galasso O, Secondulfo V, Cozzolino A, Milano C 
(2008) The functional relevance of neurological recovery after 
lumbar discectomy: a follow-up of more than 20 years. J Bone 
Joint Surg Br 90(5):622–628

	13.	 Lee BH, Kim TH, Park MS, Lim S, Park JO, Kim HS, Kim HJ, 
Lee HM, Moon SH (2014) Comparison of effects of nonopera-
tive treatment and decompression surgery on risk of patients 
with lumbar spinal stenosis falling: evaluation with functional 
mobility tests. J Bone Joint Surg Am 96(13):e110

	14.	 Gates M, Tang AR, Godil SS, Devin CJ, McGirt MJ, Zuckerman 
SL (2021) Defining the relative utility of lumbar spine surgery: a 
systematic literature review of common surgical procedures and 
their impact on health states. J Clin Neurosci 93:160–167

	15.	 Carreon LY, Jespersen AB, Støttrup CC, Hansen KH, Andersen 
MO (2020) Is the hospital anxiety and depression scale associ-
ated with outcomes after lumbar spine surgery? Glob Spine J 
10(3):266–271

	16.	 Fujita N, Michikawa T, Miyamoto A, Sakurai A, Otaka Y, Suzuki 
S, Tsuji O, Nagoshi N, Okada E, Yagi M, Tsuji T, Kono H, Ishii K, 
Nakamura M, Matsumoto M, Watanabe K (2020) Lumbar spinal 
surgery improves locomotive syndrome in elderly patients with 
lumbar spinal canal stenosis: a multicenter prospective study. J 
Orthop Sci 25(2):213–218

	17.	 Fukui M, Chiba K, Kawakami M, Kikuchi S, Konno S, Miyamoto 
M, Seichi A, Shimamura T, Shirado O, Taguchi T, Takahashi K, 
Takeshita K, Tani T, Toyama Y, Wada E, Yonenobu K, Tanaka 
T, Hirota Y (2008) Japanese orthopaedic association back pain 
evaluation questionnaire. Part 3. Validity study and establishment 
of the measurement scale: subcommittee on low back pain and 
cervical myelopathy evaluation of the clinical outcome commit-
tee of the Japanese orthopaedic association. Japan J Orthop Sci 
13(3):173–179

	18.	 Zou G (2004) A modified poisson regression approach to prospec-
tive studies with binary data. Am J Epidemiol 159(7):702–706

	19.	 Nakamura C, Ishii A, Matsuo T, Ishida R, Yamaguchi T, Takada 
K, Uji M, Yoshikawa T (2020) Neural effects of acute stress 
on appetite: a magnetoencephalography study. PLoS ONE 
15(1):e0228039

	20.	 Tudor-Locke C, Ainsworth BE, Thompson RW, Matthews CE 
(2002) Comparison of pedometer and accelerometer meas-
ures of free-living physical activity. Med Sci Sports Exerc 
34(12):2045–2051

	21.	 In Y, Kong CG, Kim JM, Choi NY, Sur YJ (2010) Effect of 
total knee arthroplasty on metabolic syndrome. J Arthroplasty 
25(7):1110–1114

	22.	 Pascot A, Lemieux S, Lemieux I, Prud’homme D, Tremblay A, 
Bouchard C, Nadeau A, Couillard C, Tchernof A, Bergeron J, 
Després JP (1999) Age-related increase in visceral adipose tis-
sue and body fat and the metabolic risk profile of premenopausal 
women. Diabetes Care 22(9):1471–1478

	23.	 Szulc P, Duboeuf F, Chapurlat R (2017) Age-related changes in 
fat mass and distribution in men-the cross-sectional STRAMBO 
study. J Clin Densitom 20(4):472–479

	24.	 Hirode G, Wong RJ (2020) Trends in the prevalence of meta-
bolic syndrome in the United States, 2011–2016. JAMA 
323(24):2526–2528

	25.	 Ge H, Yang Z, Li X, Liu D, Li Y, Pan Y, Luo D, Wu X (2020) 
The prevalence and associated factors of metabolic syndrome in 
Chinese aging population. Sci Rep 10(1):20034

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Impact of surgical treatment on lipid metabolism in patients with lumbar spinal disorders: Prospective observational study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study participants
	Data collection
	CT examinations
	Statistical analyses

	Results
	Discussion
	Acknowledgements 
	References




