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Abstract. Background and aim: This study systematically reviews the literature on changes in depression and
pain scores in patients with lumbar degenerative disc disease (LDDD) after treatment initiation. Mezhods:
A comprehensive review of PubMed, Web of Science, Science Direct, Academic Search Complete, and Google
Scholar was performed. Pooled prevalence estimates, subgroup analysis, sensitivity analysis, and publication
bias assessments were performed. Results: We identified eight eligible studies with 634 LDDD patients.
Our meta-analysis indicated a slight reduction in the mean Beck Depression Inventory scores from baseline
(11.51) to three months post-treatment (9.18). Conversely, there was a significant decrease in the mean Visual
Analogue Scale back pain scores from baseline (6.72) to three months post-treatment (2.62). This suggests
that treatment for LDDD may reduce pain levels in the short term; however, its effect on depression is lim-
ited. Additionally, patients in the conservative treatment group exhibited higher rates of depression both at
baseline (12.32) and at the 3-month follow-up (9.45) than those in the operative treatment group (11.23 at
baseline and 8.57 at the 3-month follow-up). In terms of pain, patients in the conservative treatment group
reported lower pain scores at baseline (6.14) but higher scores at the 3-month follow-up (3.53) than those in
the operative treatment group (7.68 at baseline and 1.45 at the 3-month follow-up). Conclusions: Our findings
underscore the need for integrated treatment approaches that address both depression and pain to improve
the outcomes of patients with LDDD. Although pain reduction is achievable, the management of depression
remains a challenge. (www.actabiomedica.it)
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lumbar intervertebral discs (2). These changes, includ-
ing disc degeneration, herniation, and narrowing of

Degenerative spinal diseases, often driven by pro-
longed static and excessive dynamic loads, physical
inactivity, and unique anatomical features like spine-
pelvic imbalance, present considerable challenges to
individuals’ overall well-being (1). Lumbar degenera-
tive disc disease (LDDD) is a common musculoskel-
etal disorder characterized by structural changes in

the spinal canal are the most common causes of acute
and chronic back pain, restricted mobility, and a decline
in quality of life, especially in individuals over 40 (2).
The prevalence of lumbar degenerative disc dis-
ease (LDDD) is shaped by several factors, includ-
ing the patient’s location, ethnicity, age, gender, and
genetic background (3). LDDD ranked among the
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top causes of disability, morbidity, and years lived with
disability (4). Consequently, LDDD represents a ma-
jor health concern, with a substantial socioeconomic
burden (5, 6). Treatment for LDDD includes a vari-
ety of strategies, ranging from non-invasive treatments
to more advanced surgical options (7). Some studies
also suggest that modifiable factors, such as reducing
elevated body mass index (BMI), controlling hyper-
tension, managing dyslipidemia and diabetes mellitus,
as well as quitting smoking, can decrease the risk of
intervertebral disc degeneration and herniation (3).
Despite these approaches, some individuals opt to
forego treatment, highlighting the complex nature of
this condition and the multitude of factors influenc-
ing treatment decisions and outcomes in those patients
(8, 9). Notably, depression is a prevalent comorbidity
in individuals with LDDD, surpassing the prevalence
rates observed in the general population. Ajiboye and
colleagues report that the prevalence of depression
among symptomatic LDDD patients is 32% (10). This
comorbidity significantly heightens pain perception
and functional impairment, ultimately compromising
treatment outcomes and leading to increased health-
care utilization (11).

Pain, both physical and psychological, consti-
tutes a defining feature of LDDD (12). Chronic
low back pain, radicular pain, and neuropathic pain
contribute significantly to morbidity, diminish-
ing the overall quality of life of affected individu-
als (12). Recent studies highlight the important
role of the neuroimmune interface, particularly
the neuroimmune communication between the
peripheral and central nervous systems, in the de-
velopment of chronic pain. Evidence suggests neu-
roimmune activation within the central nervous
system in LDDD patients, even in the absence of
systemic inflammation (13). Several cytokines are
elevated in both cerebrospinal fluid and blood se-
rum, with their levels correlating to back pain se-
verity. The connection between depression and pain
in LDDD is also deeply intertwined. Chronic
pain can lead to or worsen depression, while de-
pression can intensify pain perception by affecting
central sensitization and disrupting neuroendocrine
regulation (14). Understanding the dynamics of de-
pression and pain in LDDD is crucial for tailoring

effective patient care and treatment strategies. No
meta-analysis has been conducted to investigate
changes in depression and pain scores after treat-
ment initiation in LDDD patients. Therefore, this
study aimed to perform a systematic review and
meta-analysis to explore the changes in depression
and pain scores three months after treatment initia-
tion, based on the Beck Depression Inventory (BDI)
and Visual Analog Scale (VAS) back pain scores.
We sought to shed light on the interplay between
depression and pain in LDDD, providing valuable
insights for clinical practice and enhancing patient
outcomes (15, 16).

Materials and Methods

The study protocol was registered with the PROS-
PERO International Prospective Register of System-
atic Reviews (ID: CRD42024561303).

The PROSPERO database was searched to iden-
tify similar studies, and no similar studies were found.
We conducted a subsequent search of five major
electronic literature databases: PubMed, Web of Sci-
ence, ScienceDirect, Academic Search Complete, and
Google Scholar. The literature search for the specified
sources was initiated on January 1, 2024, and com-
pleted on June 1, 2024. The search strategy included
the following keywords: “depression” and “degenerative
disk disease”; “depressive disorder” and “degenerative
disk disease”; “depression” and “degenerative disk”
in all fields. The full search strategy is shown in
Supplementary Table 1 (Table S1).

Methodologically, literature screening and syn-
thesis adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)

guidelines. The inclusion criteria:

1. Cohort and cross-sectional studies, and
database analyses.

2. Studies that included patients with LDDD.

3. Studies reporting specific outcomes, includ-
ing mean scores on the Visual Analog Scale
(VAS) for back pain and Beck Depression
Inventory (BDI) scores at baseline and three
months post-treatment.
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Table 1. Summary of Included Articles Sorted by the Year of Publication.

Mean age of

study group

+SD orage | Patient | Outcome | Procedure Risk
Author, year Country Study design groups number | measures type Follow-up | of bias
Falavigna, Brazil prospective cohort | 61.54 +9.78 52 | VAS,BDI | Operative 22 months | 9,5
2011 (19) treatment
Misterska, Poland | prospectivestudy 43.47 90 | BDI Operative No 9
2013 (20) treatment
Engel-Yeger, Israel a cross-sectional 46.96 + 14.36 51 | VAS,BDI | Conservative | No 9,5
2016 (21) treatment
Jablonska, Poland | prospective cohort | 42.7+10.99 188 | VAS,BDI | Operative 6 months 9,5
2017 (22) treatment
Comella, USA open label study 51.5 15 VAS, BDI | Conservative | 12 months 10
2017 (23) treatment
Celenlioglu, Turkey prospective cohort 44,8 100 VAS, BDI | Conservative | 3 months 9,5
2018 (15) treatment
Sacaklidir, Turkey | prospective, 42.0+9.5 58 | VAS,BDI | Conservative | 3 months 9,5
2021 (24) observational treatment
Wy, 2021 (11) | China retrospective trial 59.5 +-9.76 80 | VAS,BDI | Operative 24 months 9

treatment

Abbreviations: BDI — Beck Depression Inventory; SD — standard deviation; VAS — Visual Analogue Scale.

4. Studies published in English between January
2010 and March 2024.

5. Articles focusing on surgical interventions and
conservative treatments.

The exclusion criteria:

1. Publications lacking essential information.
Studies duplicating previously reported findings.

3. Review articles or case reports involving fewer
than ten patients.

In accordance with the PRISMA guidelines, two
of the authors independently extracted the following
information from the identified full-text articles using
a standard data extraction form: (1) the first author’s
name, (2) publication year, (3) country, (4) study design,
(5) sample size, (6) lesion location, (7) mean age, (8)
mean + SD BDI score pretreatment, (9) mean + SD VAS
back pain score pretreatment, (10) mean + SD BDI score
at 3-month follow-up, and (11) mean + SD VAS back
pain score at the 3-month follow-up. Any disagreements
or conflicts were resolved by discussion and consensus.

Risk of bias

The Critical Appraisal Skills Programme (CASP)
qualitative research checklist was employed to evaluate
the methodological quality of the included studies (17).
This checklist comprised ten questions covering vari-
ous aspects, such as the study’s objectives, methodology,
research design, recruitment approach, data collection
methods, researcher-participant relationships, ethical
considerations, data analysis, research findings, and
overall value. Each criterion was assessed with a rat-
ing of ‘yes’ when adequately described (scored as 1),
‘no’ when absent (scored as 0), and ‘ cannot tell’ when
unclear or incomplete (scored as 0.5). The total scores
ranged from 0 to 10, with a score of at least 7 consid-
ered indicative of a satisfactory quality.

Statistical analysis

RStudio was used to calculate the pooled mean
with 95% confidence intervals. We used a random effects
model for the meta-analysis. We examined the following

outcomes: BDI at baseline and 3 months and VAS Back
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Pain at baseline and 3 months. Forest plots were used
to display pooled estimates using the “RevMan5” layout
function. Heterogeneity across studies was assessed using
subgroup analysis for treatment type and meta-regression
analysis for year of publication. Influence diagnostics
analysis was performed by identifying an outlier study
whose confidence interval did not overlap with the con-
fidence interval of the pooled effect. Publication bias was
evaluated through visual inspection of a funnel plot and
statistical analysis using Egger’s test to examine potential
asymmetry in the distribution of the study results.

Results
Description of the included studies

The initial database search yielded a total of 940
results. After removing 471 duplicates and 191 in-
eligible studies, 278 titles were screened for eligibil-
ity. Eight articles were included in the meta-analysis,
based on the inclusion and exclusion criteria, 8 articles
were included in the meta-analysis. A flowchart of the
study selection is presented in Figure 1 (18).

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases only

[ Identification of studies via databases and registers ]
)
c Records identified from:
g Pubmed (n = 138) Record_s rfamoved before
S Web of Science (n = 19) screening:
= Sei . _ —» Duplicate records removed
‘E cience Direct (n = 554) (n =471)
k) ASC (n=108)
= Google Scholar (n = 116)
S—
h 4
Records screened Records excluded
—>
(n=464) (n =336)
Y
Reports sought for retrieval Reports not retrieved
—
2 (n=128) (n=86)
i~
:
a A4
Reports assessed for eligibility Reports excluded:
(n=122) No required information (n =
77)
Insufficient information (n =
25)
Cervical DDD (n = 12)
B o o
s Studies included in review
S (n=8)

Figure 1. PRISMA flow chart of study selection (18).

Abbreviations: ACS: Academic Search Complete; DDD: Degenerative Disk Disease.
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The study design and patient characteristics are
presented in Table 1. All the included studies were
published between 2011 and 2021. Geographically,
the studies originated in diverse regions: three from
South Asia, one from Latin America, two from East-
ern Europe, one from North America, and one from
East Asia. Among these studies, six were prospective,
one was retrospective, and one was cross-sectional.

A total of 634 patients with LDDD were included
in eight studies. The mean sample size was 79.25 patients,
ranging from 15 to 188 patients per study. The mean age
ranged from 42.0 to 59.5 years. The mean follow-up pe-
riod ranged from 3 months to 2 years (Table 1).

Risk of bias (quality) assessment

All included studies had a CASP score of 9 or
above, indicating high quality and a low risk of bias, as
presented in Table 2.

Depression at baseline

Eight studies with ten groups presented the BDI
scores at baseline. Based on the random-effects model,
the pooled average mean of eight studies with ten
groups on the BDI score at baseline in patients with

LDDDwas11.51,95% CI[9.31;13.71],as presented in
Figure 2. The test for heterogeneity suggested the pres-
ence of high heterogeneity: 1°=88%, Q (df = 9) = 72.40,
p < 0.01.

Subgroup analysis based on the type of treatment
was conducted to investigate the sources of hetero-
geneity among the studies. Using the random-effects
model, the pooled average mean BDI score for the
five groups in the conservative treatment subgroup
indicated high heterogeneity, with a score of 12.32
(95% CI [6.93; 17.71]), I2 = 93%, Q (df = 4) = 59.61,
p < 0.01. In contrast, the operative treatment subgroup
exhibited moderate heterogeneity with a pooled mean
BDI score of 11.23 (95% CI [9.72; 12.75]), 12 = 46%,
Q (df = 4) = 7.43, p = 0.11, as shown in Figure 3.

Meta-regression analysis by year of publication
revealed significant changes in the effect sizes over
time (Figure S1). The analysis demonstrated that year
of publication is a significant moderator, with newer
studies showing higher effect sizes than older ones.
The influence analysis assessed the robustness of the
pooled estimates. The diagnostic evaluation of BDI
scores at baseline did not reveal any influential studies
(Figure S2). Upon visual inspection of the funnel plot,
no asymmetry was evident (Figure S3), which was
confirmed by non-significant Egger’s test (p= 0.3767).

Table 2. The Critical Appraisal Skills Programme (CASP) Qualitative Research Checklist.

Data Data
Authors Aim | Methodology | Design | Recruitment | collection | Relationship | Ethical | analysis | Finding | Values | Score
Celenhoglu, | Yes Yes Yes Yes Yes Yes Yes Yes Can't Yes 9,5
2018 (15) tell
Engel-Yeger, | Yes Yes Yes Yes Yes Yes Yes Yes Can't Yes 9,5
2016 (21) tell
Falavigna, Yes Yes Yes Yes Yes Yes Yes Yes Can't Yes 9,5
2011 (19) tell
Jablonska, Yes Yes Yes Yes Yes Yes Yes Yes Can’t Yes 9,5
2017 (22) tell
Comella, Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 10
2017 (23)
Misterska, Yes Yes Yes Yes Yes Yes Yes Can't Can't Yes 9
2013 (20) tell tell
Sacaklidir, Yes Yes Yes Yes Yes Yes Yes Yes Can't Yes 9,5
2021 (24) tell
‘W, 2021 Yes Yes Yes Yes Yes Can't tell Yes Yes Can't Yes 9
(11) tell




Acta Biomed 2024; Vol. 95, N. 5: ¢2024165

Mean Mean
Study Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Engel-Yeger, 2016 721 473 51 11.2% 721[591; 851 —f—
Falavigna, 2011 (a) 857 4.92 13 9.5% 8.57[5.90;11.24] — B ——
Kristin, 2017 9.05 6.82 15 8.5% 9.05[5.60;12.50) —F——
Falavigna, 2011 (b) 10.36 8.51 39 9.6% 10.36[7.69; 13.03] —B—
Wu, 2021 11.00 7.00 80 11.0% 11.00[9.47; 12.53] —
Misterska, 2013 11.86 7.23 90 11.0% 11.86[10.37; 13.35] —.—
Jabtonska, 2017 1210 6.74 188 11.5% 12.10[11.14; 13.06] -
Sacaklidir, 2021 12.50 10.00 58 9.7% 12.50[9.93; 15.07] —.—
Celenlioglu, 2018 (b) 16.40 13.10 61 8.7% 16.40[13.11; 19.69] P
Celenlioglu, 2018 (a) 16.90 8.90 39 9.4% 16.90[14.11: 19.69] —
Total (95% Cl) 634 100.0% 11.51[9.31; 13.71] .
Heterogeneity: Tau’ = 7.7028: Chi’ = 72.40, df = 9 (P < 0.01): I = 88% T

6 8 10 12 14 16 18

Figure 2. Pooled Baseline BDI Scores in Patients with LDDD.

Abbreviations: BDI: Beck Depression Inventory; C.L: confidence interval; LDDD: lumbar Degenerative Disk Disease;
SD: standard deviation.

Study or Mean Mean
Subgroup Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
treatment = conservative

Engel-Yeger, 2016 721 473 51 112% 7.21[5.91; 8.51] 1 ;

Kristin, 2017 9.05 6.82 15 8.5% S.05[5.60; 12.50] —a—

Sacaklidir, 2021 12.50 10.00 58 9.7% 12.50[9.93; 15.07] —
Celenlioglu, 2018 (b) 16.40 13.10 61 8.7% 16.40[13.11; 19.69] L —
Celenlioglu, 2018 (a) 16.90 8.90 39 9.4% 16.90[14.11; 19.69] —_—
Total (95% Cl) | 224 47.4% 12.32[6.93; 17.71] e ———
H g = P <0.01) | :

treatment = operative

Falavigna, 2011 (a) 857 492 13 9.5% 8.57[5.90; 11.24] —.—

Falavigna, 2011 (b) 10.36 8.51 33 9.6% 10.36[7.69; 13.03] ——

Wu, 2021 11.00 7.00 80 11.0% 11.00[9.47;12.53] —.—

Misterska, 2013 11.86 7.23 90 11.0% 11.86[10.37; 13.35] ——

Jabtonska, 2017 1210 6.74 188 11.5% 12.10[11.14; 13.06] —.—

Total (95% Cl) 410 52.6% 11.23 ; 12.75] i

H geneity: Tau” = 0.5339; Chi* = 7.43,df =4 (P =

Total (95% CI) 634 100.0% 11.51[9.31; 13.71] i
Heterogeneity: Tau® = 7.7028: Chi’ = 72.40, df = 9 (P < 0.01): I° = 88% Tl
Test for subgroup differences: Chi° = 0.29, df = 1 (P = 0.59) 6 8 10 12 14 16 18

Figure 3. Subgroup Analysis of the BDI Score at Baseline in Patients with LDDD by Treatment Type.

Abbreviations: BDI: Beck Depression Inventory; C.L: confidence interval; LDDD: lumbar Degenerative Disk Disease;
SD: standard deviation.
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Mean Mean
Study Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Sacaklidir, 2021 410370 58 12.0% 4.10[3.15;5.05] —F—
Wu, 2021 520 2.80 80 12.6% 5.20[4.59; 5.81] ——
Kristin, 2017 5.60 1.88 15 12.0% 5.60 [4.65; 6.55] —B—
Engel-Yeger, 2016  6.02 221 51 126% 6.02[5.41; 6.63] —-
Celenlioglu, 2018 (a) 7.10 2.30 39 124% 7.10[6.38;7.82] ——
Celenlioglu, 2018 (b) 7.70 200 61 127%  7.70 [7.20; 8.20] P -
Falavigna, 2011 (b) 879 065 39 129% 8.79[8.59; 8.99] : -
Falavigna, 2011 (a) 9.00 0.70 13 12.8%  9.00 [8.62; 9.38] B
Total (95% Cl) 356 100.0% 6.72 [5.26; 8.19] — e ———

Heterogeneity” Tau® = 2 9601: Chi” = 30042, df = 7 (P < 0.01): I* = 98%

Figure 4. Pooled Baseline VAS Back Pain Scores in Patients with LDDD.
Abbreviations: C.I.: confidence interval; LDDD: Lumbar Degenerative Disk Disease; SD: standard deviation; VAS: Visual

Analogue Scale.

Pain at baseline

Six studies with eight groups presented the VAS
back pain scores at baseline. Using the random-effects
model, the pooled mean VAS back pain score at baseline
for patients with LDDD was 6.72 (95% CI [5.26, 8.19])
(Figure 4). The test for heterogeneity indicated a high
level of heterogeneity, 12 = 98%, Q_(df = 7) = 300.42,
p <0.01.

Subgroup analysis based on the type of treatment
revealed significant heterogeneity among the studies.
Using the random-effects model, the pooled mean
VAS score for the four groups in the conservative
treatment subgroup was lower than that in the opera-
tive subgroup. Both subgroups exhibited high heter-
ogeneity, with scores of 6.14 (95% CI [4.41; 7.87]),
12 =98%, Q (df =5) =9.71,p < 0.01, and 7.68 (95% CI
[2.39; 12.97]), I? = 98%, Q (df = 2) = 125.2, p < 0.01,
respectively, as shown in Figure 5.

Meta-regression analysis by year of publication
revealed significant changes in effect sizes over time, as
depicted in Figure S4. Studies published in earlier years
have reported larger effect sizes than those reported in
more recent studies. Sensitivity analysis was used to
assess the robustness of the pooled estimates. The in-
fluence diagnostics of the VAS Back Pain Score at base-
line did not reveal any influential studies (Figure S5).
Upon visual inspection of the baseline VAS back pain

funnel plot, asymmetry was evident, suggesting a

non-symmetric distribution of the study results around
the estimated effect size (Figure S6), which was con-
firmed by a significant Egger’s test (p=0.001).

Depression at a 3-month follow up

Six studies with eight groups presented the dy-
namics of BDI scores at the 3 month follow up. Uti-
lizing the random-effects model, the pooled average
mean of these six studies, comprising eight groups,
revealed a BDI score of 9.18 (95% CI [7.73; 10.64])
among patients with LDDD (Figure 6). A test for
heterogeneity indicated significant heterogeneity
(I = 54%, Q (df = 7) = 15.36, p = 0.03).

Subgroup analysis based on the type of treat-
ment revealed significant variability among studies.
Using the random-effects model, the pooled average
mean BDI score for the four groups in the conserva-
tive treatment subgroup was higher than that in the
operative subgroup, with scores of 9.45 (95% CI [5.94;
12.96]), I = 69%, Q (df = 3) = 9.71, p = 0.02, and 8.57
(85% CI [7.31; 9.83]), 12 = 18%, Q (df = 3) = 3.64,
p = 0.02, respectively (Figure 7). Notably, heterogene-
ity within the operative treatment group was low.

Meta-regression analysis of the BDI score dynamics
at 3 months by year of publication revealed significant
changes in effect sizes over time, as depicted in Figure S7.
Studies published in earlier years have reported larger
effect sizes than those reported in more recent studies.
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Study or

Mean Mean

Subgroup Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Sacaklidir, 2021 410 3.70 58 12.0%
Kristin, 2017 560188 15 12.0%
Engel-Yeger, 2016 6.02 2.21 51 12.6%
Celenlioglu, 2018 (a) 7.10 2.30 39 12.4%

4.10[3.15; 5.05] -
5.60 [4.65; 6.55] ——
6.02[5.41; 6.63] =
7.10 [6.38; 7.82] B

Celenlioglu, 2018 (b) 7.70 2.00 61 12.7% 7.70[7.20; 8.20] ; . 3

Total (95% CI) 61.7° 6.14 :’,"V“ 7 ;f] *

Heterogeneity: Tau” = 50: Chi~ = 54.53. df = 4 (P I“ =

treatment = operative

Wu, 2021 520280 80 126% 5.20[4.59; 5.81] : B

Falavigna, 2011 (b) 8.79 065 39 128% 8.79[8.59; 8.99]
Falavigna, 2011 (a) 9.00 0.70 13 12.8% 9.00[8.62; 9.38] B

Total (95% CI) 132 38.3% 7.68[2.39; 12.97] —— e ——
Heterogene Tau = 4.4625 i~ = ) Af = P ( 080/

Total (95% ClI) 356 100.0% 6.72[5.26; 8.19] ot
Heterogeneity: Tau® = 2.9601: Chi’ = 300.42, df = 7 (P < 0.01): I = 98% ! ' ' ' '
Test for subgroup differences: Chi? = 124, df=1(P=027) 4 6 8 10 12

Figure 5. Subgroup Analysis of the VAS Back Pain Score at Baseline in Patients with LDDD by Treatment Type
Abbreviations: C.I.: confidence interval; LDDD: Lumbar Degenerative Disk Disease; SD: standard deviation; VAS: Visual

Analogue Scale.

Mean Mean
Study Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Sacaklidir, 2021 790 9.00 58 12.7% 7.90[5.58;10.22] —
Kristin, 2017 8.20 8.20 15 5.9% 8.20[4.05;12.35] ———&——
Jabtonska, 2017 830 569 188 23.6% 8.30[7.49; 9.11] =

Falavigna, 2011 (b) 8.70 8.73 39 10.5%
Celenlioglu, 2018 (b) 8.70 840 61 14.0%
Wu, 2021 9.20 6.90 80 18.2%
Celenlioglu, 2018 (a) 12.50 7.10 39 13.3%
Falavigna, 2011 (a) 15.53 15.74 13 1.7%

Total (95% CI) 493 100.0%

Heterogeneity: Tau® = 1 2632: Chi° = 15.36, df = 7 (P = 0.03): I° = 54%

8.70 [ 5.96; 11.44] ——
8.70 [ 6.59; 10.81] ——

9.20[7.69; 10.71] -

12.50 [10.27; 14.73]  —
15.53 [ 6.97; 24.09] .
9.18 [ 7.73; 10.64] -

I I 1
5 10 15 20

Figure 6. Pooled BDI Scores in Patients with LDDD at a 3-month Follow-up.
Abbreviations: BDI: Beck Depression Inventory; C.L: confidence interval; LDDD: lumbar Degenerative Disk Disease;

SD: standard deviation.

Sensitivity analysis was used to assess the robustness of
the pooled estimates. The influence diagnostics of the
BDI score dynamics at three 3-months revealed that
Celenlioglu, 2018 (15) (study #7) was an outlier (pooled
average mean BDI score = 12.50,95% CI [10.27; 14.73]),

as shown in Figure S8. A visual inspection of the fun-
nel plot for BDI score dynamics at 3 months suggested
a symmetric distribution of study results around the
estimated effect size, which was confirmed by non-
significant Egger’s test p = 0.2397 (Figure S9).
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Study or Mean Mean
Subgroup Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
treatment = conservative
Sacaklidir, 2021 7.90 9.00 58 12.7% 7.90[5.58; 10.22] —
Kristin, 2017 8.20 8.20 15 59% 8.20[4.05 1235 ——&F——
Celenlioglu, 2018 (b) 8.70 8.40 61 14.0% 8.70[6.59; 10.81] ——
Celenlioglu, 2018 (a) 12.50 7.10 39 13.3% 12.50[10.27; 14.73] —il—
otal (95% C 173 45.9% 9.45 [ 5.94; 12.96] "*"
H N Tau  =34835 Chi“=971 df=3 (P = 2} 1° = 69%
treatment = operative
Jabtonska, 2017 8.30 569 188 23.6% 8.30[7.49; 9.11] =
Falavigna, 2011 () 8.70 873 39 10.5% 8.70[5.96; 11.44] —=—
Wu, 2021 9.20 6.90 80 18.2% 9.20[7.69; 10.71] —
Falavigna, 2011 (a) 1553 1574 13 1.7% 15.53[6.97; 24.09] +
Total (95% C 320 54.1% 8.57[7.31; 9.83] *
Heterogeneity: Tau® = 0.0098; ChiZ = 3.64, df = 3 (P = 0.30); I = 18 i
Total (95% CI) 493 100.0% 9.18 [ 7.73; 10.64] -
Heterogeneity: Tau® = 1.2632: Chi’ = 15.36, df = 7 (P = 0.03); I = 54% ! ' ' '
Test for subgroup differences’ Chi® = 0.57, df = 1 (P = 0.45) 5 10 15 20

Figure 7. Subgroup Analysis of BDI Score Dynamics at a 3-Month Follow-Up in Patients with LDDD by Treat-

ment Type.

Abbreviations: BDI: Beck Depression Inventory; C.I: confidence interval; LDDD: lumbar Degenerative Disk Disease;

SD: standard deviation.
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Figure 8. Pooled VAS Back Pain Scores in Patients with LDDD at a 3-month Follow-up.
Abbreviations: C.I.: confidence interval; LDDD: Lumbar Degenerative Disk Disease; VAS: Visual Analogue Scale

Pain at 3-month follow-up

Five studies with seven groups presented the VAS
Back Pain score dynamics at the 3-month follow-up.
Based on the random-effects model, the pooled aver-

age mean VAS back pain score at 3 months in patients
with LDDD was 2.62 (95% CI [1.05; 4.20]). A test for

heterogeneity indicated a high level of heterogeneity
(I = 96%, Q (df = 6) = 135.09, p < 0.01), as shown in
Figure 8.

Subgroup analysis based on the type of treatment
revealed significant heterogeneity among the studies.
Utilizing the random-effects model, the pooled aver-
age VAS back pain score at the 3-month follow-up
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Figure 9. Subgroup Analysis of VAS Back Pain Score Dynamics at a 3-Month Follow-Up in Patients with
LDDD by Treatment Type.

Abbreviations: C.I: confidence interval; LDDD: Lumbar Degenerative Disk Disease; SD: standard deviation; VAS: Visual

Analogue Scale.

for the four groups in the conservative treatment sub-
group was higher than that in the operative subgroup.
The scores were 3.53 (95% CI [0.82; 6.23]), I2 = 94%,
Q(df=3)=48.03,p<0.01,and1.45(95%CI[-0.82;3.72]),
I = 93%, Q (df = 2) = 30.6, p < 0.01, respectively.
Both groups exhibited high heterogeneity, as shown
in Figure 9.

Meta-regression analysis of the VAS back pain
score dynamics at a 3-month follow-up by year of
publication did not reveal significant changes in effect
sizes over time, as depicted in Figure S10. Sensitivity
analysis was used to assess the robustness of the pooled
estimates. The influence diagnostics of the VAS back
pain score dynamics at the 3-month follow-up re-
vealed that Kristin Comella, 2017 (23) (study #6) was
an outlier (pooled average mean VAS back pain score =
4.20, 95% CI [2.85; 5.55]), as shown in Figure S11.
A visual inspection of the funnel plot for VAS back
pain score dynamics at 3 months suggested an asym-
metric distribution of study results around the esti-
mated effect size, which was confirmed by significant

Egger’s test (p = 0.0003) (Figure S12).

Discussion

This systematic review and meta-analysis aimed to
explore how depression and pain change in patients with
LDDD from baseline to three months after treatment.
Our findings offer several important insights into the
relationship between depression and pain in these pa-
tients, which carry significant clinical implications. Our
meta-analysis, using a random-effects model, showed a
modest decrease in the mean BDI scores from 11.51 at
baseline to 9.18 at three months post-treatment. In con-
trast, we observed a substantial reduction in the mean
VAS back pain scores, dropping from 6.72 at baseline to
2.62 after three months. This suggests that while treat-
ment for LDDD may effectively lower pain levels in the
short term, its impact on depression is less pronounced.

Additionally, our study found that patients re-
ceiving conservative treatment had higher depression
rates both at baseline (12.32) and at the three-month
follow-up (9.45) compared to those undergoing op-
erative treatment, who had depression scores of 11.23
at baseline and 8.57 at follow-up. Regarding pain,
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patients in the conservative treatment group reported
lower pain scores at baseline (6.14) but higher scores at
the three-month follow-up (3.53) compared to the op-
erative treatment group, which had baseline scores of
7.68 and follow-up scores of 1.45. Our findings align
with previous research that indicates a high prevalence
of depression among patients with LDDD and under-
scores the bidirectional relationship between depres-
sion and pain. Studies have demonstrated that mental
health-related quality of life significantly impacts the
subjective experience of pain; specifically, the sever-
ity of depression correlates with the severity of pain
and the clinical severity of lumbar disease (25-27).
Moreover, a meta-analysis on the prognostic value of
fear-avoidance beliefs in LDDD patients shows that
high fear-avoidance beliefs predict less improvement in
postoperative pain intensity and back-specific function,
and this effect is sustained for more than 12 months
after surgery (28). Our findings also align with exist-
ing research, emphasizing the psychological burden of
chronic pain in conservative management (29).

In patients with LDDD, chronic pain and depres-
sion affect more than just quality of life and disability,
impacting social and economic aspects as well, as evi-
denced by increased opioid use and greater utilization
of healthcare resources (30). Research on opioid use in
patients undergoing lumbar surgery for degenerative
lumbar spine conditions reveals that preoperative and
perioperative opioid intake, the presence of degenera-
tive disc disease, multiple prescribers, and depression
are significant predictors of prolonged and intensive
opioid use post-surgery (31).

One limitation of our study was the high heteroge-
neity observed among the included studies, which may
have affected the robustness of our findings. Addition-
ally, the three-month follow-up period may be insuffi-
cient for capturing the long-term changes in depression
and pain levels. Another meta-analysis conducted by
the authors of the present analysis, which assesses long-
term postoperative outcomes of minimally invasive
transforaminal interbody fusion in spondylolisthesis
patients, indicates that improvements in pain and func-
tional disability tend to decline over time (32).

Future research should focus on investigating
the long-term effects of LDDD treatment on de-
pression and pain. Additionally, studies exploring the

mechanisms underlying the relationship between de-
pression and pain in patients with LDDD may provide
valuable insights into novel treatment approaches.

In conclusion, this systematic review and meta-
analysis provide valuable insights into the dynamics
of depression and pain in patients with LDDD. Our
findings underscore the need for integrated treatment
approaches that address both depression and pain
to improve the outcomes of patients with LDDD.
Although pain reduction is achievable, the manage-
ment of depression remains a challenge. Future re-
search should explore multidisciplinary approaches
and long-term outcomes to optimize patient care.
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ANNEX

Meta-Regression of BDI Scores by Year
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Figure S1. Meta-Regression Analysis of the BDI Score at Baseline in Patients with LDDD by Year of Publication.
Abbreviations: BDI: Beck Depression Inventory; LDDD: Lumbar Degenerative Disk Disease.
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Figure S2. Influence Diagnostics for BDI Score at Baseline in Patients with LDDD.
Abbreviations: BDI: Beck Depression Inventory; LDDD: Lumbar Degenerative Disk Disease.
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Figure S3. Publication Bias Assessment for the BDI Score at Baseline in Patients with LDDD.

Abbreviations: BDI: Beck Depression Inventory; C.L.: confidence interval; LDDD: Lumbar Degenerative Disk Disease;
SD: standard deviation.
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Meta-Regression of the VAS Back Pain Scores by Year
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Figure S4. Meta-Regression Analysis of the VAS Back Pain Score at Baseline in Patients with LDDD by Year of

Publication.

Abbreviations: LDDD: Lumbar Degenerative Disk Disease; VAS: Visual Analogue Scale.
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Figure S5. Influence Diagnostics for VAS Back Pain Score at Baseline in Patients with LDDD.
Abbreviations: LDDD: Lumbar Degenerative Disk Disease; VAS: Visual Analogue Scale.
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Figure S6. Publication Bias Assessment for the VAS Back Pain Score at Baseline in Patients with LDDD.
Abbreviations: LDDD: Lumbar Degenerative Disk Disease; VAS: Visual Analogue Scale.
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Figure S7. Meta-Regression Analysis of the BDI Score Dynamics at a 3-Month Follow-up in Patients with LDDD by
Year of Publication.
Abbreviations: BDI: Beck Depression Inventory; LDDD: lumbar Degenerative Disk Disease.
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Figure S8. Influence Diagnostics for BDI Score Dynamics at a 3-Month Follow-up in Patients with LDDD.
Abbreviations: BDI: Beck Depression Inventory; LDDD: Lumbar Degenerative Disk Disease.
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Figure S9. Publication Bias Assessment for the BDI Score Dynamics at a 3-Month Follow-up in Patients
with LDDD.

Abbreviations: BDI: Beck Depression Inventory; LDDD: Lumbar Degenerative Disk Disease.
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Meta-Regression of the VAS Back Pain Score at 3-Months by Year
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Figure $10. Meta-Regression Analysis of the VAS Back Pain Score Dynamics at a 3-Month Follow-up in Patients with

LDDD by Year of Publication.
Abbreviations: BDI: Beck Depression Inventory; LDDD: lumbar Degenerative Disk Disease.
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Figure S11. Influence Diagnostics for VAS Back Pain Score Dynamics at a 3-Month Follow-up.
Abbreviations: LDDD: Lumbar Degenerative Disk Disease; VAS: Visual Analogue Scale.
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Figure S12. Publication Bias Assessment for the Visual Analogue Scale Back Pain Score Dynamics at a
3-Month Follow-up.
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S1 Table. Search strategy of the Systematic Review of the depression and Pain Dynamics in Lumbar Degenerative Disk Disease

in LDDD.
Academic Search
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2. Pain degenerative
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2. Pain AND
degenerative disk:
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