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Abstract

Neurological complications such as peripheral neuropathies are the most common complications among patients with morbid
obesity following bariatric surgery. Reduction in nutrient intake especially thiamin may develop polyneuropathy, while neuro-
pathic symptoms improved in patients with diabetes independent of glycemic control after bariatric surgery. The aim of the
present review is to investigate the effect of bariatric surgery on peripheral neuropathy. Electronic literature search was done via
scientific search engines. After the removal of duplicates and selection of articles of interest, 4 studies were included. A random
effects model was applied in this meta-analysis. Considering the pooled analysis, bariatric surgery was significantly associated
with Neuropathy Symptoms Score (NSS) (ES =—3.393, 95% CI (—4.507, —2.278), and P value < 0.0001). Reduction in NSS
for patients with type 2 diabetes and BMI < 35 kg/m* who were insulin-dependent was more than patients with morbid obesity
without diabetes. Furthermore, neuropathy disability score (NDS) significantly decreased in patients having bariatric surgery
(ES=-10.626,95% CI (- 1.120,—0.132), and P value < 0.013). The NDS significantly decreased in patients with type 2 diabetes
and BMI < 35 kg/m” treated with insulin as well as patients with morbid obesity and type 2 diabetes. In subgroup of patients with
follow-up of more than 6 months after surgery, a significant reduction in NDS was detected while this reduction was not
significant in patients with a follow-up of 6 months or less. Bariatric surgery had a positive effect on peripheral neuropathy,
though many studies showed neuropathy as one of the complications of bariatric surgery.
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Introduction

The prevalence of obesity has been increasing with huge im-
pact on society because of its associated morbidity and mor-
tality [1]. The absence of effective treatment for obesity as
well as development of laparoscopic surgery has resulted in
noticeable number of bariatric surgery [2]. In bariatric surgery,
restricted food intake and intestinal malabsorption lead to rap-
id, continuous, and remarkable weight loss [3]. Diabetes
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remission, reducing cardiovascular events, and mortality are
other beneficial effects of bariatric surgery [4—6]. However,
some complications are infrequently reported after surgical
procedures [7]. Neurological complications are more recog-
nized in some studies [2, 8, 9]. Peripheral neuropathies, as the
most prevalent neurological complications, have been report-
ed in about 16% of operated patients which may be due to
nutritional deficiency such as thiamine deficiency [9, 10].
However, there are some other studies with improvement in
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neuropathic symptoms in patients with diabetes independent
of glycemic control after bariatric surgery [11-13]. This may
be due to oxidative, nitrosative, and carbonyl stress reduction
following metabolic surgery, known to have an essential role
in the underlying mechanisms of diabetic neuropathy [13].
Since the results of previous studies are contradictory, the
present study aims to investigate the effects of bariatric sur-
gery on peripheral neuropathy by a systematic review.

Materials and Methods
Search Strategy

An inclusive search following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [14] was carried out using the data-
bases of PubMed, Web of Science, EMBASE, and Scopus
to identify the English articles published until November 1,
2018. The following keywords were used in this search:
(“bariatric surgery” OR “metabolic surgery” OR “obesity
surgery” OR “sleeve OR Roux-en-Y” OR “gastric bypass”
OR “duodenal switch” OR “gastric banding” OR “duode-
nal-jejunal bypass liner” OR “biliopancreatic diversion with
duodenal switch” OR “biliopancreatic diversion” OR

Fig. 1 PRISMA flowchart of
study selection

Records deleted due to

“adjustable gastric band” OR “duodenal switch” OR “lap
band” OR “gastric balloon”) AND (“neuropathy” OR “ax-
onal neuropathy” OR “polyneuropathy” OR “motor neu-
ropathy” OR “sensory neuropathy” OR “autonomic neurop-
athy” OR “electromyography” OR “EMG” OR “nerve con-
duction velocity” OR “nerve conduction study”).
Additionally, the references of the extracted articles were
reviewed to obtain any other related articles.

Study Selection

1994 articles were first isolated and the duplicates were
removed; consequently, 1328 records were reviewed based
on the title and abstract to see if they were eligible to be
included in the project. Then, the full texts of 275 articles
were reviewed and target articles were chosen based on the
inclusion criteria. The inclusion criteria included the fol-
lowing: (1) cohort studies comparing the outcomes prior to
and following the surgery; (2) studies on adult patients
(18-80 years old); (3) studies on peripheral neuropathy;
and (4) the studies issued in English. The exclusion criteria
included the following: (1) animal studies; (2) inaccessi-
bility to full-text articles; (3) randomized clinical trials,
case reports, and review articles; and (4) studies on adoles-
cents. Figure 1 depicts how the articles are chosen.

Records identified through
database searching
(n=1994)

duplication (n=666) J<

Unrelated data (n=36)

\ 4
[ Records screened (n=1328) ]

Records excluded by title
>L or abstract (n=1288)

A 4

Full-text articles assessed
for eligibility (n=40)

N

4

Studies included in meta-analysis= 4 ]
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Fig. 2 Effect size of overall %
change in NSS !

Study Year ES (95% Cl) Weight

Muller-Stich 2015 -3.80 (-4.22,-3.38) 27.09
Muiller-Stich 2013 -4.25(-5.81,-2.69) 18.15
Azmi S 2017 — -1.90 (-2.30,-1.50) 27.19
Azmi S 2017 — -3.90 (-4.21,-3.59) 27.56
Overall (I-squared = 95.6%, p = 0.000) <> -3.39 (-4.51,-2.28)  100.00
NOTE: Weights are from random effects analysis

T - T

-6 -2 0

Data Extraction and Quality Assessment

Two authors extracted the data from each selected paper inde-
pendently (A.M., and R.A.) according to the author’s name,
publication year, journal name, study population, country of
the study population, sex, sample size, procedure type, follow-
up period, and outcomes prior to and following bariatric sur-
gery. The same eligibility criteria were applied to the full-text
articles. If the authors disagreed on the studies selection, they
would solve it through discussion with another reviewer (M.
M.). In addition, if some issues needed clarification, the au-
thors were contacted. The kappa-statistics (k) was calculated
to determine the inter-reviewer agreement. Desirable agree-
ment was achieved for the abstracts and titles (x =0.82), as
well as for full-text screening (x =0.75). The nine-star
Newecastle—Ottawa Scale (NOS) was used to assess each se-
lected study regarding quality. The aforementioned scale in-
volves 3 parts of participant selection, comparability of the

Fig. 3 Funnel plot of the mean

study groups, and outcome assessment provided by follow-
up adequacy [15].

Statistical Analysis

STATA, version 12.0 (STATA Corporation, College Station,
TX, USA), was used for data analysis. The estimated effects
of the outcomes of interest were determined by the mean dif-
ference (MD) and standard deviations (SDs). Cochran’s Q test
(from chi-square) and the /* statistic were used to evaluate the
studies in terms of statistical heterogeneity; consequently, the
inconsistency across the results of the studies was determined
and the proportion of the total variations was explained ac-
cording to their estimates based on the presence of heteroge-
neity rather than sampling errors. In detail, the /* values of 0%,
<30%, 30-60%, and > 60% indicated no, low, moderate, and
high heterogeneities, respectively [16].

Funnel plot with pseudo 95% confidence limits
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%

Study Year ES (95% CI) Weight
1

insulin dependent T2DM and BMI<35 kg/m2 |
1
1

Muller-Stich 2015 — -3.80 (-4.22, -3.38) 27.09
1

Muller-Stich 2013 L : -4.25 (-5.81, -2.69) 18.15
1

Subtotal (I-squared = 0.0%, p = 0.585) <>: 3.83(4.23,-343) 4525
i
1

morbidly obese H
1
1

Azmi S 2017 ! —— -1.90 (-2.30, -1.50) 27.19

Azmi S 2017 —-— -3.90 (-4.21, -3.59) 27.56
1

Subtotal (I-squared = 98.3%, p = 0.000) <:> 2.90 (-4.86,-0.94)  54.75
1

Overall (I-squared = 95.6%, p = 0.000) <> -3.39 (-4.51,-2.28)  100.00
1

NOTE: Weights are from random effects analysis i

T ! T

-
Fig. 4 Effect size of change in NSS according to population sub-group

The Egger’s test was used to evaluate publication
bias, which was shown graphically by the funnel plots
of mean difference vs. standard error. To deal with any
likely small-study effects, the asymmetries of the funnel
plots were inspected visually, whereas the Egger’s test
was performed to address the publication bias over and
above any subjective evaluations. P<0.10 was consid-
ered statistically significant [17].

Study Year
More than 6 month

Muller-Stich 2015
Azmi § 2017

Subtotal (I-squared = 0.0%, p = 0.707)

6 month or less

Miller-Stich 2013

The analysis of all outcomes was done according to the
surgical procedure, study population, and follow-up time.
The procedures were classified into laparoscopic Roux-en-
Y gastric bypass (LRGB) and vertical sleeve gastrectomy.
Study population was classified as follows: insulin-
dependent type 2 diabetes mellitus (T2DM) with BMI <
35 kg/mz, morbid obese patients, pre-T2DM morbid obese
patients, and morbid obese patients with T2DM. The

%

ES (95% Cl) Weight

-3.80 (4.22,-3.38)  27.09

-3.90 (-4.21,-3.59) 27.56

-3.86 (-4.11,-3.61)  54.65

18.15

Azmi S 2017

Subtotal (I-squared = 87.8%, p = 0.004) <>

Overall (I-squared = 95.6%, p = 0.000)

NOTE: Weights are from random effects analysis

4.25 (-5.81, -2.69)

—— -1.90 (-2.30, -1.50)  27.19

2,95 (-5.24,-0.66)  45.35

-3.39 (-4.51,-2.28)  100.00

T
-6

Fig. 5 Effect size of change in NSS according to follow-up time sub-group
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Fig. 6 Effect size of overall %

change in NDS Study Year ES (95% Cl) Weight
Muller-Stich 2015 — 3 -2.50 (-2.73, -2.27) 8.02
Miller-Stich 2013 —I—i -1.50 (-2.68, -0.32) 5.57
Azmi S 2017 1 —-— 0.80 (0.53,1.07) 7.97
Azmi S 2017 —I— -0.70 (-0.91, -0.49) 8.05
Casellini CM 2016 ‘ —-— 0.03 (-0.20, 0.26) 8.02
Casellini CM 2016 ‘—I— -0.41 (-0.64, -0.18) 8.02
Casellini CM 2016 +‘ -0.89 (-1.11, -0.67) 8.03
Casellini CM 2016 3 — 0.41(0.20,0.62) 8.04
Casellini CM 2016 —H -0.16 (-0.36, 0.04) 8.05
Casellini CM 2016 - -0.04 (-0.25, 0.17) 8.04
Casellini CM 2016 + -0.90 (-1.42,-0.38) 7.48
Casellini CM 2016 — : -1.65 (-2.20, -1.10) 7.40
Casellini CM 2016 + -1.02 (-1.62, -0.42) 7.30
Overall (I-squared = 97.7%, p = 0.000) <> -0.63 (-1.12, -0.13) 100.00
NOTE: Weights are from random effects ana@ysis

Ty ] ]

follow-up times were divided into more than 6 months and
6 months or less. For each outcome of interest, the related
effect size (mean effect after the surgery minus mean effect
before the surgery) was used in the analysis.

Results

Study Characteristics

After retrieving 1994 papers from the electronic databases,
only 4 studies were selected in the meta-analysis following

the exclusion of some because they were not consistent with
the inclusion criteria (the Neuropathy Symptoms Score

Fig. 7 Funnel plot of the mean

difference of NDS in patients o 4
before and after surgery
C\l. -
L
n
ﬂ: -
Lq -

(NSS): n=3, and the Neuropathy Disability Score (NDS):
n=4) (Fig. 1). Table 1 shows the key features. In the present
study, the prospective human studies were only selected that
were in English and their full texts were available. The
shortest and longest follow-up periods were 1 month and
12 months, respectively. The quality scores of the included
studies based on NOS had a range of 6-8.

Meta-analysis Results of the Outcomes of Interest
NSS (Overall Changes)

Three appropriate studies were covered in the analysis. To
show the effect size prior to and following in each study and

Funnel plot with pseudo 95% confidence limits

Mean Difference
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the pooled effect sizes, a forest plot was used (Fig. 2). A
random effects model was applied to combine the results of
the studies due to their heterogeneity (Q =68.72, P <0.0001,
and 7 = 95.6%). According to the pooled analysis, there was
an association between bariatric surgery and a significant de-
crease in the NSS (ES=—3.393, 95% CI (—4.507, —2.278),
and P value <0.0001). Finally, there was no publication bias
in the funnel plot (Fig. 3).

NSS (According to Population)

From among the included studies, 3 studies reported alter-
ations in NSS prior to and following bariatric surgery. The
pooled results of 4 sub-groups according to population dem-
onstrated a significant decrease after bariatric surgery. The
reduction in NSS for patients with type 2 diabetes and BMI
<35 kg/m* who were insulin-dependent was 3.830 (95%
CI=—4.234, —3.426 and P<0.001). Moreover, a decrease

of 2.904 (95% Cl=-4.864, —0.944 and P value = 0.004)
was detected in patients with morbid obesity without diabetes
(Fig. 4). Significant heterogeneity was not found between the
studies (7 = 0.0%, P value = 0.585) performed in patients with
type 2 diabetes and BMI < 35 kg/m? treated with insulin, but
high heterogeneity was observed in group of patients with
morbid obesity without diabetes (P =98.3%, P<0.001).

NSS (According to the Procedure Type)
Considering the only one surgical procedure, the results of this

subgroup were exactly the same as the results of overall
change in this variable.

NSS (According to the Follow-up Time)

We found a significant reduction in NSS in both sub-
groups of follow-up time (ES=-3.864, 95% CI (—

%

Study Year ES (95% Cl) Weight
insulin dependent T2DM and BMI<35 kg/m2 :
Muller-Stich 2015 —— : -2.50 (-2.73,-2.27) 8.02
Muller-Stich 2013 i : -1.50 (-2.68, -0.32) 5.57
Subtotal (I-squared = 62.4%, p = 0.103) <> ! -2.17 (-3.09, -1.25)  13.59

I
morbidly obese :
Azmi S 2017 : —— 0.80 (0.53, 1.07) 7.97
Azmi S 2017 —=— -0.70 (-0.91,-0.49)  8.05
CaselliniCM 2016 : —— 0.03 (-0.20, 0.26) 8.02
CaselliniCM 2016 —— -0.41(-0.64,-0.18) 8.02
CaselliniCM 2016 +: -0.89(-1.11,-0.67) 8.03
Subtotal (I-squared = 96.5%, p = 0.000) <:> -0.24 (-0.79, 0.31)  40.09
: I
morbidly obese patients Pre-DM :
CaselliniCM 2016 : —i— 0.41 (0.20, 0.62) 8.04
CaselliniCM 2016 : — -0.16 (-0.36,0.04) 8.05
CaselliniCM 2016 ! —— -0.04 (-0.25,0.17)  8.04
Subtotal (l-squared = 87.4%, p = 0.000) : <:> 0.07 (-0.27, 0.41) 2414
: I
morbidly obese patients T2DM :
Casellini CM 2016 —a—— -0.90 (-1.42,-0.38) 7.48
CaselliniCM 2016 — : -1.65 (-2.20, -1.10)  7.40
CaselliniCM 2016 —_— -1.02 (-1.62,-0.42) 7.30
Subtotal (I-squared = 51.8%, p = 0.126) <> : -1.19 (-1.65, -0.73) 22.18
: I
Overall (I-squared = 97.7%, p = 0.000) <> -0.63 (-1.12,-0.13)  100.00

I
NOTE: Weights are from random effects analysis :

I I I I
-3 -1 0 1 2

Fig. 8 Effect size of change in NDS according to population sub-group
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%

Study Year ES (95% Cl) Weight

T
LRYGB !
Muller-Stich 2015 —— : -2.50 (-2.73, -2.27) 8.02
Miller-Stich 2013 L : -1.50 (-2.68, -0.32) 5.57
Azmi S 2017 ! —— 0.80 (0.53,1.07)  7.97
Azmi S 2017 —-— -0.70 (-0.91, -0.49) 8.05
Subtotal (I-squared = 99.1%, p = 0.000)-<?> -0.96 (-2.49, 0.57) 29.60

|
vertical sleeve gastrectomy .
Casellini CM 2016 X —— 0.03 (-0.20, 0.26) 8.02
Casellini CM 2016 —.— -0.41 (-0.64, -0.18) 8.02
Casellini CM 2016 +E -0.89 (-1.11, -0.67) 8.03
Casellini CM 2016 ! —-— 0.41(0.20,0.62) 8.04
Casellini CM 2016 - -0.16 (-0.36, 0.04) 8.05
Casellini CM 2016 - -0.04 (-0.25,0.17) 8.04
Casellini CM 2016 —I+ -0.90 (-1.42,-0.38) 7.48
Casellini CM 2016 —_— : -1.65 (-2.20, -1.10) 7.40
Casellini CM 2016 —_—. -1.02 (-1.62, -0.42) 7.30
Subtotal (I-squared = 93.3%, p = 0.000) <;\:> -0.46 (-0.81, -0.12) 70.40

|
. 1
Overall (I-squared = 97.7%, p = 0.000) <> -0.63 (-1.12, -0.13) 100.00
NOTE: Weights are from random effects analysis E

T T T T
-1

-3

Fig. 9 Effect size of change in NDS according to procedure type sub-group

4.114, —3.615), P value <0.0001, for sub-group of more
than 6 months, and ES=-2.949, 95% CI (-—5.239, —
0.659), P value=0.012, for sub-group of 6 months or
less). Test of heterogeneity showed that there was no sig-
nificant heterogeneity in the sub-group of more than
6 months (12 =0.0%, P value=0.707) whereas among
studies with follow-up time of 6 months or less, signifi-
cant heterogeneity was detected (I* =87.8%, P value =
0.004) (Fig. 5).

NDS (Overall Changes)

NDS was significantly reduced in patients having a bariatric
surgery (ES=-10.626, 95% CI (- 1.120, —0.132), and P val-
ue <0.013) (Fig. 6). Significant heterogeneity was observed
between the studies (Q =532.43, P value <000.1) using the
chi-square test before the analysis and pooling the results. To
have the pooled estimates of the studies, the random effects
model was used. Publication bias was found based on the
funnel plot (Fig. 7).

NDS (According to Population)

Figure 8 illustrates the pooled results of 4 studies in the
sub-group of population. NDS significantly decreased in

patients with type 2 diabetes and BMI <35 kg/m” treat-
ed with insulin as well as patients with morbid obesity
and type 2 diabetes (ES=—-2.174, 95% CI (-3.093, —
1.255), and P value <0.0001; ES=-1.188, 95% CI (-
1.651, —0.726), and P value <0.0001, respectively).
There was no heterogeneity among these studies for
sub-group analysis (I* =62.4%, P value=0.103 for pa-
tients with type 2 diabetes and BMI <35 kg/m?® treated
with insulin; and P =51.8%, P value=0.126 for pa-
tients with morbid obesity and type 2 diabetes).

NDS (According to the Procedure Type)

Four studies had reported NDS in the patients undergo-
ing bariatric surgeries. Between two procedure types
(LRYGB and vertical sleeve gastrectomy), the NDS de-
crease was only significant in vertical sleeve gastrecto-
my; however, NDS also declined in patients underwent
LRYGB (ES=-0.463, 95% CI (—0.807, —0.119), and
P value=0.008; ES=-0.959, 95% CI (—2.491, 0.573),
and P value=0.220, respectively) (Fig. 9). The results
indicated a heterogeneity between the studies in both
sub-groups (> =99.1%, P value <0.001 for LRYGB
group and > =93.3%, P value <0.001 for vertical
sleeve gastrectomy).
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%

Study Year ES (95% Cl) Weight

T
More than 6 month :
Muller-Stich 2015 —i— : -2.50 (-2.73, -2.27) 8.02
Mller-Stich 2013 i : -1.50 (-2.68, -0.32) 5.57
Azmi S 2017 —— -0.70 (-0.91,-0.49) 8.05
Subtotal (I-squared = 98.4%, p = 0.000) <>>— -1.57 (-3.02,-0.13) 21.64

1
' |
6 month or less :
Azmi S 2017 X —i— 0.80 (0.53, 1.07) 7.97
CaselliniCM 2016 : —.— 0.03 (-0.20,0.26)  8.02
CaselliniCM 2016 :—I— -0.41 (-0.64,-0.18) 8.02
CaselliniCM 2016 +E -0.89 (-1.11,-0.67) 8.03
CaselliniCM 2016 : —— 0.41(0.20, 0.62) 8.04
CaselliniCM 2016 | — -0.16 (-0.36, 0.04) 8.05
CaselliniCM 2016 E —— -0.04 (-0.25,0.17) 8.04
CaselliniCM 2016 ——— -0.90 (-1.42,-0.38) 7.48
CaselliniCM 2016 —a— : -1.65 (-2.20, -1.10) 7.40
CaselliniCM 2016 —I—:— -1.02 (-1.62,-0.42) 7.30
Subtotal (I-squared = 94.7%, p = 0.000) <:<> -0.34 (-0.71,0.03) 78.36

I
Overall (I-squared = 97.7%, p = 0.000) <> -0.63 (-1.12,-0.13) 100.00

T
NOTE: Weights are from random effects analysis E

3 3 0 1' 2

Fig. 10 Effect size of change in NDS according to follow-up time sub-group

NDS (According to the Follow-up Time)

A significant reduction in NDS was seen in subgroup of
patients with follow-up of more than 6 months after
surgery (ES=-1.570, 95% CI (=3.015, —0.126), and
P value=0.033), though slight and non-significant de-
crease was also observed in patients with follow-up of
6 months or less (ES=-0.341, 95% CI (—0.708, —
0.025), and P value =0.068). A significant heterogeneity
in both sub-groups were detected according to time of
follow-up (> =98.4%, P value <0.001 for more than
6 months sub-group; P =94.7%, P value <0.001 for
6 months or less sub-group) (Fig. 10).

Discussion

Although we found that bariatric surgery had a positive
effect on NSS and NDS overall as well as in all sub-
groups, several studies showed that neuropathy was a
significant complication that may happen after bariatric
surgery due to nutritional deficiencies [18, 19]. It can be
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described by the fact that serious deficiencies in a wide
range of micronutrients are present in morbid obesity.
Therefore, it seems that the excessive dietary intakes
do not include nourishing food items [20-22].
Furthermore, nutrient deficiencies may also happen after
bariatric surgery due to incorrect supplementation. Thus,
morbid obese patients should have close nutritional
monitoring before and after bariatric surgery.

Considering all mentioned above, improvement in
neuropathy in this study may be indebted to multifacto-
rial effects. It seems that oxidative, nitrosative, and car-
bonyl stress, which may cause diabetic neuropathy, im-
proves after bariatric surgery [13]. The above mentioned
findings are supported by other experimental evidence,
as well. In a study that was conducted by Obrosova
et al., it was found that targeting peroxy nitrite forma-
tion in an animal model of TIDM induced diabetic
neuropathy; therefore, peroxynitrite decomposition re-
duces neuropathy [23].

Dyslipidemia may be another factor. Dyslipidemia re-
sults in high levels of oxidized low-density lipoprotein
(oxLDLs) that may injure dorsal root ganglion (DRG)
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neurons via lectin-like oxLDL receptor-1 leading to the
development and progression of diabetic neuropathy
[24]. As different bariatric surgeries improve dyslipid-
emia independent of weight loss [25, 26], it can also
affect neuropathy.

Hyperglycemia also induces mitochondrial oxidative stress
as well as acute injury in DRG neurons [24]. Therefore, dia-
betes remission after bariatric surgery may also result in de-
creased risk of microvascular complications such as neuropa-
thy even if type 2 diabetes relapses. This supports the “legacy
effect” of bariatric surgery. Up to now, nonsurgical treatment
for poor glycemic control had shown the “legacy effect” on
microvascular complications [27].

Weight loss may be another factor leading to improvement in
peripheral nerve function and nerve regeneration after bariatric
surgery [28]. As obesity affects small fiber integrity, it can sig-
nificantly increase risk for peripheral neuropathy, independent of
glucose control because glucose control is specifically related
with large myelinated fiber function [29].

There are some limitations in this meta-analysis. Because of
small sample sizes and number of articles in each subgroup, it
was not possible to investigate the publication bias. Moreover,
significant heterogeneity was observed among studies; neverthe-
less, the data were analyzed in subgroups in the present study.
Consequently, to correct them partly, a random effects model was
applied.

Conclusion

In conclusion, current studies provide consistent evidence that
bariatric surgery leads to neuropathy improvement. However,
many other studies showed neuropathy as one of the compli-
cations following bariatric surgery.
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