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INTRODUCTION

S ciatica is one of the common causes of disability in the
community. The most common cause of sciatica is lumbar
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Abstract: Recurrent lumbar disc herniation (rLDH) is a common

complication following primary discectomy. This systematic review

aimed to investigate the current evidence on risk factors for rLDH.

Cohort or case-control studies addressing risk factors for rLDH were

identified by search in Pubmed (Medline), Embase, Web of Science, and

Cochrane library from inception to June 2015. Relevant results were

pooled to give overall estimates if possible. Heterogeneity among

studies was examined and publication bias was also assessed.

A total of 17 studies were included in this systematic review. Risk

factors that had significant relation with rLDH were smoking (OR 1.99,

95% CI 1.53–2.58), disc protrusion (OR 1.79, 95% CI 1.15–2.79), and

diabetes (OR 1.19, 95% CI 1.06–1.32). Gender, BMI, occupational work,

level, and side of herniation did not correlate with rLDH significantly.

Based on current evidence, smoking, disc protrusion, and diabetes

were predictors for rLDH. Patients with these risk factors should be paid

more attention for prevention of recurrence after primary surgery. More

evidence provided by high-quality observational studies is still needed to

further investigate risk factors for rLDH.

(Medicine 95(2):e2378)

Abbreviations: BMI = body mass index, CI = confidence interval,

DHI = disc height index, HR = hazard ratio, LDH = lumbar disc

herniation, NOS = Newcastle–Ottawa Scale, OR = odds ratio,

rLDH = recurrent lumbar disc herniation, ROM = range of motion,

RR = relative risk.
iu, PhD, Lili Yu, MD, and Xiuchun Yu, MD

disc herniation (LDH).1 Compared with conservative treatment,
surgical intervention may have greater improvements2,3 or
faster rates of pain relief.4 In spite of significant improvement
in surgical technique, complications such as recurrent lumbar
disc herniation (rLDH) do occur.5 The recurrence rate has been
reported to vary between 5% and 15%.6–8 Secondary surgery
will be more difficult due to epidural fibrosis and scarring.
Moreover, reoperations lead to physical and psychological
suffering for patients and substantial costs for society.9,10

Risk factors for rLDH are increasingly being investi-
gated.11–27 Many estimated risk factors have been reported
in previous studies, such as age, gender, body mass index
(BMI), smoking, herniation type, diabetes, and herniation level.
However, results in these previous studies were not always
consistent. Regarding to gender, Kim et al reported that man
was a risk factor for rLDH;19 however, many other observa-
tional studies did not find significant correlations between a
man and rLDH.13–15,17,23,25,26 As for smoking, some studies
revealed that smoking increased the risk of postoperative
recurrence,11,14,18 whereas other studies found no significant
difference between smokers and nonsmokers.15,19,23 Due to
inconsistent results, reliable conclusions could not be drawn
on these risk factors.

In order to identify the predictors for rLDH, we have carried
out a systematic review and meta-analysis based on the current
evidence. The pooled estimates may help health professionals at
givers, and patients to identify the potential population, prevent
rLDH, and investigate the mechanism further.

METHODS

Search Strategy and Selection of Studies
A systematic search of Pubmed (Medline), Embase, Web

of Science, and Cochrane library was performed by 2 investi-
gators to identify all the relevant studies from inception to June
2015. The following keywords and/or corresponding MESH
terms were used: risk factor

�
or prognost

�
factor

�
or epidemio-

logic factor
�

or multivariate analysis; and prolapsed disc or
herniated disc or disc displacement or disc herniation or disc
prolapse or prolapsed disk or herniated disk or disk displace-
ment or disk herniation or disk prolapse or

�
discectomy; and

recurren� or relapse or reoperation or rehospitalization or
readmission or failure.

Two independent reviewers performed the search, with
the limitation of publications in the English language. For
those studies with incomplete data, we tried to contact with
the authors. Additionally, manual searches of the references
cited in all the relevant articles were also conducted. Dis-
agreements were resolved by consensus, and a third reviewer
essary. All analyses were based on
tudies; thus no ethical approval and
equired.
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cohort study by Keskimaki, however, showed significantly
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Selection Criteria
Only studies fulfilling the following inclusion criteria were

included in this systematic review: (1) observational study
(case-control or cohort study) investigating risk factors of
rLDH; (2) studies reported (or enough data to calculate them)
estimates of odds ratio (OR), relative risk (RR) or hazard ratio
(HR) with their corresponding 95% confidence interval (CI); (3)
clear diagnosis of rLDH by medical record or symptoms with
radiographic findings; (4) study reported in English.

Those studies that were published for the same study
population or not original studies were excluded from the
current systematic review. In the event of disagreement between
the 2 reviewers regarding whether a study met inclusion criteria,
consensus was reached by joint review.

Data Extraction and Quality Assessment
Two reviewers independently extracted data from the

selected papers including authors, published year, study
location, case-control or cohort studies, number of cases and
controls, related risk factors, corresponding OR, RR, or HR, and
95% CI. If the included studies reported several multivariable-
adjusted effect estimates, the fully adjusted for potential con-
founding variables were selected. Newcastle–Ottawa Scale
(NOS) was used for quality assessment. We considered studies
with an NOS score of 7 or more to be high quality.

Statistical Analysis
The correlation between risk factors and rLDH was

examined on the basis of OR, RR, or HR and 95% CI provided
in the selected studies. The values of OR, RR, and HR were
treated in the same manner and referred to as OR. For risk
factors that had a consistent definition and a similar category
across several studies, a meta-analysis was performed to obtain
a pooled estimate. When not possible, a qualitative descriptive
analysis was performed.

Heterogeneity among the studies was accessed by the Q
test and I2 statistics. Where statistically significant heterogen-
eity was found (P< 0.1), the random effects model was used to
combine results. Otherwise, the fixed effects model was used.28

Subgroup analyses were performed on the basis of the study
design, study location, and surgical procedure. Study locations
were categorized into Asia, Europe, and America. Surgical
procedures were categorized into minimal invasive surgery
and open surgery. Minimal invasive surgery included micro-
endoscopic discectomy and percutaneous endoscopic discect-
omy, whereas open surgery included discectomy, laminotomy,
and other open surgical procedures. Potential publication bias
was accessed using Egger’s test.29

Huang et al
All analyses and tests were conducted by Stata Version

12.0 (Stata Corp, College Station, TX). P< 0.05 was considered
to indicate statistical significance.

RESULTS

Studies Selection
Four hundred and fifteen articles were identified using our

search strategy, 119 were excluded for duplication. Then 254
articles were excluded for screening based on titles and
abstracts. After the assessment of full-text articles, 25 of the

remained 42 studies were excluded. Finally, 17 studies were
included in this systematic review. The results of the database
search were shown in a flowchart (Figure 1 ).

2 | www.md-journal.com
Studies Characteristics and Results
There were 13 case-control and 4 cohort studies included

in this systematic review. The general characteristics of the
included studies are presented in Table 1. Meta-analysis was
performed to obtain pooled estimates for 7 risk factors. As
judged by Egger’s test, there was no evidence of publication
bias being present at 5% significance level for any of the risk
factors with P value of 0.105.

AGE
A total of 14 studies gave the results of age. There were 9

studies reported age as baseline data without effect
size.11,13,16,18–20,23,25,26 Of the 9 studies, 8 studies showed
similar age without statistical difference between recurrent
and nonrecurrent group, and only 1 study by Kim20 demon-
strated that patients in the recurrent group were older than those
in the nonrecurrent group after percutaneous endoscopic dis-
cectomy. For the other 5 studies, it was impossible to pool the
effect size due to different categorizations. A large cohort study
by Jansson et al reported that patients between 40 and 59 years
had a higher risk of reoperation than those <40 years, whereas
the risk turned lower among patients>60 years.24 Another large

FIGURE 1. Flow diagram of study selection and identification
process.
higher risk for patients aged <50 years compared with the
older group.22

GENDER
There were 12 studies including 10 case-control stu-

dies11,13–15,17–19,23,25,26 and 2 cohort studies22,24 reporting
the gender effect size. For case-control studies alone, the pooled
OR for men was 1.56 (95% CI, 1.02–2.39, Z¼ 2.03, P¼ 0.042)
with heterogeneity (P¼ 0.112, I2¼ 37.1%), whereas for cohort
studies, the pooled OR for men was 0.93 (95% CI, 0.82–1.06,
Z¼ 1.09, P¼ 0.275) with heterogeneity (P¼ 0.033,
I2¼ 78.0%) (Figure 2). The overall estimate of men as a risk

factor was 1.10 (95% CI, 0.90–1.34, Z¼ 0.95, P¼ 0.340), with
heterogeneity (P¼ 0.004, I2¼ 60.4%) (Figure 2), suggesting
that no significant difference was detected between men and

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Forest plot of gender and recurrent lumbar disc herniation. OR¼odds ratio.

FIGURE 3. Forest plot of subgroup analysis by study location for gender and recurrent lumbar disc herniation. OR¼odds ratio.

Huang et al Medicine � Volume 95, Number 2, January 2016
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women in the probability of rLDH. When the included studies
were classified by study location, the pooled effect size of men
in Asia was 2.25 (95% CI, 1.30–3.88, Z¼ 2.90, P¼ 0.004) with
heterogeneity (P¼ 0.161, I2¼ 39.0%), in Europe was 0.93
(95% CI, 0.86–1.02, Z¼ 1.59, P¼ 0.111) with heterogeneity
(P¼ 0.282, I2¼ 20.8%), in America was 1.40 (95% CI,
0.52–3.80, Z¼ 0.66, P¼ 0.506) with heterogeneity
(P¼ 0.355, I2¼ 0%) (Figure 3). When the included studies
were classified by the surgical procedure, the pooled effect size
of men in the minimal invasive surgery group was 1.78 (95%
CI, 1.19–2.66, Z¼ 2.79, P¼ 0.005) with heterogeneity

FIGURE 4. Forest plot of subgroup analysis by the surgical pro-
cedure for gender and recurrent lumbar disc herniation.
OR¼odds ratio.
(P¼ 0.539, I2¼ 0.0%), in the open surgery group was 0.96
(95% CI, 0.80–1.15, Z¼ 0.48, P¼ 0.633) with heterogeneity
(P¼ 0.013, I2¼ 65.6%) (Figure 4).

FIGURE 5. Forest plot of smoking and recurrent lumbar disc herniat

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
BMI
Ten studies compared BMI between recurrent and non-

recurrent groups.11,13–15,18–20,23,25,26 The pooled analysis was
only conducted in 2 studies with effect size of BMI> 25 and the
combined OR was 1.11 (95% CI, 0.57–2.16, Z¼ 0.30,
P¼ 0.764) with heterogeneity (P¼ 0.543, I2¼ 0.0%).13,14

The other 8 studies reported BMI as baseline data. Of the 8
studies, 2 demonstrated a higher BMI in the recurrent group15,20

and 6 showed no difference in BMI between recurrent and
nonrecurrent group.11,18,19,23,25,26

SMOKING
Six case-control studies provided the effect size of smok-

ing.11,14,15,18,19,23 The result of meta-analysis showed a low
level of heterogeneity (P¼ 0.378, I2¼ 6.0%,) and the fixed
effect model was used. The pooled OR was 1.99 (95% CI, 1.53–
2.58, Z¼ 5.15, P¼ 0.000), which indicated smoking increased
risk of postoperative recurrence (Figure 5). Subgroup analysis
was conducted based on the surgical procedure (Figure 6).

Type of Disc Herniation
Various classification techniques are available for LDH. In

this systematic review, only classification of protrusion, extru-
sion, and sequestration were available to obtain pooled estimate.
Data combination was based on 4 case-control studies.12,14,19,20

Due to low level of heterogeneity (P¼ 0.141, I2¼ 45.0%), the
fixed effect model was used. The pooled estimate of contained
LDH was 1.79 (95% CI, 1.15–2.79, Z¼ 2.58, P¼ 0.010),
suggesting that disc protrusion was a predictor for rLDH
(Figure 7).

DIABETES
One cohort and 3 case-control studies were

included.11,18,19,21 The fixed effect model was used due to little

Predictors of Recurrent Lumbar Disc Herniation
heterogeneity (P¼ 0.388, I2¼ 0.8%). The pooled OR was 1.19
(95% CI, 1.06–1.32, Z¼ 3.06, P¼ 0.002), which revealed
correlation between diabetes and rLDH (Figure 8).

ion. OR¼odds ratio.

www.md-journal.com | 5



light work and strenuous work.11,15,23 The pooled OR of light

re f

Huang et al Medicine � Volume 95, Number 2, January 2016
Level and Side of Disc Herniation
The most commonly affected levels of LDH were L4/5 and

L5/S1.With regard to the 2 levels, 4 case-control studies
provided the effect size.12,13,17,25 The pooled estimate of L5/
S1 level by the fixed effect model was 1.28 (95% CI, 0.84–1.96,
Z¼ 1.15, P¼ 0.250), with heterogeneity (P¼ 0.324,
I2¼ 13.7%) (Figure 9). As to side of disc herniation, pooled
OR of right side by 2 case-control studies was 0.91 (95% CI,

FIGURE 6. Forest plot of subgroup analysis by the surgical procedu
0.50–1.65, Z¼ 0.31, P¼ 0.755), with heterogeneity (P¼ 0.871,
I2¼ 0.0%).17,25 Hence, neither level nor side was a predictor for
rLDH (Figure 10).

FIGURE 7. Forest plot of lumbar disc protrusion and recurrent lumba

6 | www.md-journal.com
Occupational Work
Three case-control studies investigated difference between

or smoking and recurrent lumbar disc herniation. OR¼odds ratio.
work were 0.91 (95% CI, 0.41–2.01, Z¼ 0.21, P¼ 0.837), with
heterogeneity (P¼ 0.841, I2¼ 0.0%).

Other Risk Factors

Kara et al reported that the lack of regular physical exercise

was a significant predictor for rLDH.23 Dora et al concluded
that minor disc degeneration was a risk factor for rLDH.26 Kim

r disc herniation. OR¼odds ratio.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



iati

Medicine � Volume 95, Number 2, January 2016 Predictors of Recurrent Lumbar Disc Herniation
FIGURE 8. Forest plot of diabetes and recurrent lumbar disc hern
et al found that the recurrent group had a higher disc height
index (DHI) and a more range of motion (ROM).18

DISCUSSION
This systematic review was to investigate the current

evidence on risk factors for rLDH. Previous studies have
explored many potential risk factors for rLDH, such as age,
gender, BMI, smoking, diabetes, type of LDH, occupational
work, and so on. However, pooled estimates demonstrated that

only smoking, disc protrusion, and diabetes had significantly
association with rLDH. With regard to gender, when subgroup
analysis was based on different study locations, we found that

FIGURE 9. Forest plot of L5/S1 disc herniation and recurrent lumbar

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
for male patients it was more likely to suffer from rLDH when
they were Asian people. When subgroup analysis was based on
the surgical procedure, we found that for male patients it was
more likely to suffer from rLDH when they underwent minimal
invasive surgery. Concerning smoking, we speculated that for
smokers it was more likely to suffer from rLDH when they
underwent minimal invasive surgery by subgroup analysis.

The overall result for men showed a relatively higher
heterogeneity (I2¼ 60.4%). It could be found that the subgroup
heterogeneity declined when subgroup analysis was based on

on. OR¼odds ratio.
study locations. Also we found subgroup heterogeneity in the
minimal invasive surgery group disappeared when subgroup
analysis was based on surgical procedures. We speculated that

disc herniation. OR¼odds ratio.

www.md-journal.com | 7
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the heterogeneity might lie in study location and different open
surgical procedures.

Smoking has been reported to contribute to many patho-
logical processes. Many complications such as wound healing,
cardiopulmonary complications after elective orthopedic
surgery were related to smoking.30 This systematic review
demonstrated that smoking also significantly correlated with
rLDH. However, it should be noted that the weight of the study
conducted by Shimia et al accumulated to 70.40%11. Hence we
compared the overall result with that removing the dominant
study. The pooled estimates were 1.99 (95%CI, 1.53–2.58) and
2.54 (95%CI, 1.57–4.11) respectively, which indicated that the
dominant study did not have significant impact on the overall
results.

The exact mechanism why smoking leads to rLDH is still
incompletely understood. Previous studies have explored the
potential mechanism. The defect in the annulus fibrosus and
posterior longitudinal ligament after discectomy is thought to
heal in normal physiological conditions. However, those toxins
generated by cigarette smoking may impair or delay these
normal conditions.31 Previous study demonstrated that nicotine
affected disc annulus nutrition and oxygenation.32 Gill et al
compared the ligament healing process in passively smoking
mice with nonsmoking mice and found that cellular density in
the injured ligament was significantly lower in the smoking
mice. Also, the smoking mice exhibited lower type I collagen
expression in the injured ligament, which was identified as the
major structural component of extracellular matrix.33 Nemoto
et al subjected 4-week-old rats to passive smoking for 8 weeks.
They found that intervertebral discs exhibited cracks, tears, and
misalignment of the annulus fibrosus and the level of inter-
leukin-1beta in intervertebral discs was higher in the smoking
group than in the nonsmoking group.34 Besides cellular and
molecular changes, repetitive cough caused by smoking
increased intervertebral pressure, which may also partly con-
tribute to rLDH.35

FIGURE 10. Forest plot of right-side disc herniation and recurren
Lumbar disc protrusion without a herniated fragment or
defect in the annulus was reported to have the highest risk of
rLDH by Carragee et al.7 The current meta-analysis reinforced

8 | www.md-journal.com
the previous study. Pooled estimates in this meta-analysis
revealed that combined OR of disc protrusion was 1.79 (95%
CI, 1.15–2.79). It has been speculated that disc protrusion
represents the beginning of a process of serial fragmentation
of disc material, whereas extrusion and sequestration are an
end-stage of this process.12 One other potential reason could be
that lump removal was possible in most cases with disc extru-
sion or sequestrations, whereas relatively less disc removal is
performed in most cases with disc protrusion.12

This systematic review also showed that diabetes corre-
lated with rLDH, with the pooled OR 1.19 (95% CI, 1.06–1.32).
It should also be noted that the weight of study by Kim et al was
up to 97.79%.21 Likewise, pooled results with and without the
dominant study were compared. The pooled estimates were 1.19
(95%CI, 1.06–1.32) and 2.19 (95%CI, 1.05–4.57) respectively,
which indicated that the results did not reverse when the
dominant study was trimmed. Previous studies have explored
the mechanisms. Robinson et al compared the intervertebral
discs between nondiabetic and diabetic patients using discarded
discs from operations. They found that the proteoglycans from
diabetic subjects were banded at a lower buoyant density, which
indicated a lowered glycosylation rate and a lower number of
sugar side chains per core protein. They also found that there
was a slight increase in the chain length of chondroitin sulfate in
the diabetic group and further analysis of the glycosaminogly-
can chains showed a decreased amount of keratan sulfate
glycosaminoglycan.36 They concluded that these changes might
lead to increased susceptibility to disc prolapse. Besides that, as
Carragee reported, the competence of annulus fibrosis might be
valuable for the prediction of the recurrence after lumbar
discectomy.7 For diabetic subjects, annulus fibrosis healing
might take longer time and not be as sturdy as nondiabetic
subjects.

There are several other most commonly mentioned risk
factors such as age, gender, BMI, occupational work, level of
disc herniation, and so on. Due to different categorizations,

mbar disc herniation. OR¼odds ratio.
pooled effect size of age was unavailable. The included studies
had inconsistent results11,13,14,16–20,22–26 and a conclusion
could not be drawn based on the current evidence. As for

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



gender, pooled OR in case-control studies showed men were
more likely to suffer from rLDH. However, the results were not
significant when combined with cohort studies. BMI was
another widely concerned risk factor. Most included studies
compared BMI as baseline data and these inconsistent results
could not come to a conclusion. The combined OR of BMI> 25
by 2 case-control studies still found no significant relations
between BMI and rLDH. With respect to occupational status, it
is generally accepted that heavy physical labor leads to
increased loading of lumbar disc, which may contribute to
rLDH.35,37,38 However, pooled estimates in the systematic
review did not show a correlation between work status and
rLDH. The L5/S1 level was detected to be related to higher
recurrence rate by Morgan-Hough.12 But pooled effect size did
not reveal a higher risk of recurrence in patients with L5/S1
LDH. Likewise, no significant difference was detected between
the left and the right side for rLDH.

Several limitations in this systematic review should be
pointed out. First, the definition of rLDH in the included studies
was incomplete consistent. Clinically, it is more appropriate to
define rLDH as reherniation at the same level and same side.
However, some of the included studies defined the rLDH
regardless of the length of pain-relief period and some regard-
less of herniation side (Table 1). Regarding the surgical
procedures, the selected studies included discectomy, micro-
discectomy, and percutaneous transforaminal endoscopic dis-
cectomy as shown in Table 1. Various definitions of rLDH and
different surgical procedures may both generate heterogeneity.
Second, OR and RR were treated in the same way in this
systematic review. Generally, it is reasonable to combine OR
with RR when the incidence was low (<10%). With the
incidence turning higher, combination of OR and RR is more
likely to generate bias.39 For rLDH, the incidence has been
reported to varied from 5% to 15%,which may potentially give
rise to bias. Third, some risk factors in this meta-analysis were
limited by a small number of included studies. Besides, not all
the selected studies reported estimates of risk adjusted for
confounders and some ORs were calculated by the crosstab
data without adjustment. Hence the pooled estimates may
include some confounding of the true relationship between risk
factors and rLDH. Fourth, although recommended by the
Cochrane Collaboration,40 the NOS was argued about unclear
weighting scheme, which might lead to a limited exploration of
the studies quality.41

CONCLUSION
This meta-analysis revealed that smoking, disc protrusion,

and diabetes were predictors for rLDH. Patients with these risk
factors should be paid more attention for prevention of rLDH.
The exact mechanism between risk factors and rLDH warrants
further investigation. Due to a limited number of literature,
more evidence provided by high-quality observational studies
are still needed to investigate risk factors for rLDH further.
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