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Abstract
In the Division of Pediatric Neurology at the University Medical Center Göttingen we observed
that many patients with Bell`s palsy are overweight or obese. To evaluate whether overweight
and obesity are associated with increased risk of Bell´s palsy in children we conducted this
single-centered retrospective study by performing a database search for ICD-10 primary and
secondary diagnosis of G51.0 (facial nerve palsy) between January 1, 2010, and December 31,
2020. For risk assessment, patients body mass indices (BMI) were compared with BMI data of
controls from a nationwide child health survey.
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In total, 202 patients with peripheral facial nerve palsies (pFP) were included, of which nearly
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half were classified as Bell´s palsies. 38 % and 24 % of the patients with Bell´s palsy and pFP
had a BMI above the 90th percentile. High BMI was associated with statistically increased odds
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of Bell´s palsy in the group of overweight and obese patients (BMI > 90th percentile; OR, 2.42;
95 % CI, 1.6-3.8; P < 0.001) and solely obese patients (BMI > 97th percentile; OR 2.43; 95 %
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CI, 1.4-4.3; P = 0.003). In conclusion, we could confirm our observation that overweight and
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obesity are associated with increased risk of Bell´s palsy in children.

Keywords: Bell´s palsy, Children and Adolescents, Overweight and Obesity, Autoimmune
Disease
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Introduction
Obesity is an increasing and major health problem not only in adulthood but also in childhood
and adolescence worldwide [1]. It is implicated in the development of chronic diseases associated with the metabolic syndrome such as hypertension, type 2 diabetes and cardiovascular
disease [2, 3]. Recently, several studies gave critical evidence of overweight and obesity also
playing a role in inflammatory and autoimmune diseases in adults [4–8] and children [9–12].
Bell´s palsy, defined as an acute peripheral facial nerve palsy (pFP) of unknown cause, is the
most common cranial nerve palsy with an incidence of more than 20 per 100,000 person-years
in adults and a lower incidence of approximately 6 per 100,000 person-years in children [13–
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16]. Depending on the geographical region, Bell´s palsy accounts for up to one half of all pFP
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in children [17, 18]. Whereas the causes of non-idiopathic pFP are numerous, including infectious, neoplastic, traumatic or congenital diseases, the etiology of Bell´s palsy is not fully un-
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derstood yet. Earlier studies suggested a correlation with the reactivation of a herpes simplex
virus 1 (HSV 1)- infection in neural ganglia [19–21], though this is discussed controversially
in recent studies [22, 23]. Another hypothesis is that Bell´s palsy occurs due to a cell-mediated
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autoimmune reaction, which may be prompted by a viral infection beforehand and is described
as a mononeuritic variant of Guillain-Barré syndrome, respectively [24–26]. A few studies ad-

Jo
ur
n

dressed possible risk factors for Bell´s palsy apart from the well-known risk in pregnancy [27]
and found diabetes and hypertension to be related [28–30]. Recently So Young Kim et al. found
a proportionally positive association of BMI and occurrence of Bell´s palsy in a retrospective
study screening the ≥ 40-year-old population of the Korean National Health Insurance cohort
and postulated that obesity is a risk factor for Bell´s palsy [31].
To the best of our knowledge there are no studies investigating the association of overweight
and obesity with Bell´s palsy in a pediatric setting. In the Division of Pediatric Neurology at
the University Medical Center Göttingen we observed that many patients with Bell`s palsy are
overweight or obese. This study was conducted to evaluate whether overweight and obesity are
associated with increased risk of Bell´s palsy in children.

3

Methods
This single-center retrospective study of facial nerve palsies (FP) in children was carried out at
the Department of Pediatrics and Adolescent Medicine, University Medical Center Göttingen.
The study was performed in line with the principles of the Declaration of Helsinki. Approval
was granted by the Ethics Committee of University Medical Center in Göttingen (internal reference number: 5/12/17). All data were derived from database and medical record review and
were deidentified; thus, informed consent was waived by the University Medical Center Göttingen.
We performed a database search for ICD-10 primary and secondary diagnosis of G51.0 (facial
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nerve palsy) between January 1, 2010, and December 31, 2020. After precise analysis of the
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past and present medical history and clinical, laboratory and radiological findings, we excluded
adult patients ≥ 18 years old, patients with central FP, insufficient documentation and those
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who received the ICD-10 code G51.0 but did not present a FP by definition.
We recorded age, sex, time from manifestation to presentation at the hospital, the degree of pFP
via House-Brackmann (HB) score at presentation, the presence of associated diseases including
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overweight and obesity, the etiology of pFP and documented controls if conducted. We evaluated the HB score retrospectively based on the clinical examination in the medical record. Doc-
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umentation of solely “incomplete peripheral facial nerve palsy” was rated as HB score 3.
Bell´s palsy was diagnosed in case of proven absence of any other causes, including infectious,
neoplastic, iatrogenic (postoperative), traumatic or inflammatory (Multiple sclerosis, GuillainBarré syndrome) diseases.

Overweight and obesity was diagnosed using the Body-Mass-Index (BMI) category recommended by the European Childhood Obesity Group with overweight being defined as BMI
above the 90th to 97th percentile and obesity as BMI above the 97th percentile [32]. We did
not subdivide in obese and extremely obese patients, meaning that a BMI percentile above 97
was classified as obese. BMI percentiles were standardized for age and sex using the KromeyerHauschild references recommended for German children [33]. For risk assessment, patients
BMI percentiles were compared with the BMI data of 3.561 children aged 3 to 17 years who
participated in a nationwide study surveying the general health status of children and adolescents in Germany conducted by the Robert-Koch-Institute (RKI) from 2014-2017 named
“KiGGS Welle 2” [34]. BMI percentiles in KiGGS Welle 2 were equally standardized according
to the Kromeyer-Hauschild reference values. No further increase in prevalence of overweight
and obesity in comparison to the first KiGGS survey conducted from 2003-2006 was observed
in the second survey [34].
4

Statistical Analysis
We reported mean, standard deviation, median and range for continuous and ordinal data.
For statistical analysis we used IBM SPSS Statistics 27 (IBM Corp. Released 2020. IBM SPSS
Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp). Frequencies, including 95 %
Clopper-Pearson CIs, were reported for overweight and obese patients (BMI > 90th Percentiles)
and solely obese patients (BMI > 97th Percentiles) with Bell´s palsy and pFP in general, including Bell´s palsies, respectively. Comparisons between our cohort and the control cohort
from the RKI were performed using the Fisher exact test to determine statistical relevance with
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two-sided P < 0.05 considered statistically significant. For risk assessment we calculated OR
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with 95% CIs.
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Data Availability

The dataset generated and analyzed during the current study is available from the corresponding
author on reasonable request. The dataset of the control cohort from the Robert-Koch-Institut
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(RKI) is available in the RKI repository (https://www.rki.de/EN/Content/Health_Monitor-
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ing/JoHM_en/2018/JoHM_en_Inhalt_18_01.html).
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Results
Database search for primary and secondary ICD-10 diagnosis G51.0 (facial nerve palsy) yielded
265 cases, of which we excluded 63 patients (Fig. 1). Of the 202 pFP included, nearly half
(49 %, n=99) were diagnosed with Bell´s palsy and the other half (51%, n=103) were classified
as non-idiopathic pFP. The latter included 56 patients (28 % of all pFP) with confirmed neuroborreliosis via cerebral spinal fluid (CSF) analysis, 13 patients with postoperative pFP mostly
after tumor resections, 8 patients suffering from an otitis-associated pFP and 8 patients with
pathologic CSF constellation (2 patients with zoster oticus, 4 patients with an isolated CSF
pleocytosis, 2 patients were positively tested for herpes simplex virus (HSV)-DNA/elevated
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265 Facial nerve palsies (FP)
identified
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HSV-antibody indices in CSF).
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63 Excluded
30 Central FP
20 No FP

9 Insufficient data
4 Onset ≥ 18 y
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202 Peripheral facial nerve
palsies (pFP) included

Bell`s palsies
99 (49 % of all pFP)

Non-idiopathic pFP
103 (51 % of all pFP):
56 Neuroborreliosis (28 %)
13 Post-OP (6 %)
8 Ass. with Otitis (4 %)
8 Infectious liquor (4 %)
4 Trauma, 4 Inflammatory,
2 Congenital

Figure 1. Patient Selection and Etiology of Peripheral Facial Nerve Palsies (pFP).

In comparison to patients with pFP in general, patients with Bell´s palsy were on average two
years older at diagnosis with mean (SD) age in patients with Bell`s palsy of 11.6 (4.3) years
and mean (SD) age in patients with pFP, including patients with Bell´s palsy of 9.7 (4.7) years
(Table 1). There was no sexual preference in either Bell´s palsy or all pFP patients, and the
House-Brackmann (HB) score at presentation did not differ between the groups with a mean
(SD) score of 3.9 (0.4).
6

Peripheral facial nerve palsy including Bell´s palsy
Variable
No./Total No. (%)
Age in y, Mean (SD)
Median (range)
HB a, Mean (SD)
Median (range)

Total cohort
202
9.7 (4.7)
10 (1 mo.-17)
3.9 (0.4)
4 (2-5)

Female
97/202 (48)
9.6 (4.6)
10 (9 mo.-17)
3.8 (0.4)
4 (2-5)

Male
105/202 (52)
9.8 (4.8)
10 (1 mo.-17)
3.9 (0.3)
4 (3-5)

BMI > 90th Percentile
No./Total No. (%)
Age in y, Mean (SD)
Median (range)
HB, Mean (SD)
Median (range)

48/202 (24)
12.2 (3.7)
13 (1-17)
3.8 (0.4)
4 (3-4)

16/97 (16)
12.2 (3.1)
12.5 (7-17)
3.8 (0.4)
4 (3-4)

32/105 (30)
12.2 (4.0)
14 (1-17)
3.9 (0.4)
4 (3-4)

Variable
No./Total No. (%)
Age in y, Mean (SD)
Median (range)
HB, Mean (SD)
Median (range)

Total cohort
99
11.6 (4.3)
13 (9 mo.-17)
3.9 (0.4)
4 (3-5)

Female
51/99 (52)
11.5 (4.1)
12 (9 mo.-17)
3.9 (0.4)
4 (3-5)

Male
48/99 (48)
11.8 (4.5)
14 (1-17)
3.9 (0.3)
4 (3-4)

BMI > 90th Percentile
No./Total No. (%)
Age in y, Mean (SD)
Median (range)
HB, Mean (SD)
Median (range)

38/99 (38)
12.2 (4.0)
13.5 (1-17)
3.8 (0.4)
4 (3-4)

14/51 (27)
12.6 (3.1)
12.5 (8-17)
3.7 (0.5)
4 (3-4)

al
P

re
-p

ro

of

Bell`s palsy

24/48 (50)
12.0 (4.5)
14 (1-17)
3.9 (0.3)
4 (3-4)
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Table 1. Characteristics of the cohort (Peripheral facial nerve palsy versus Bell´s palsy)

38 % (38/99) and 24 % (48/202) of the patients with Bell´s palsy and pFP had a BMI above the
90th percentile, with boys having a larger proportion in both groups (24 % boys vs. 14 % girls
of patients with Bell`s palsy and 16 % boys vs. 8 % girls of patients with pFP in general). The
mean age of diagnosis of overweight and obese patients was 12.2 years in both groups, with no
major differences between the sexes (Table 1). Interestingly only one-fifth of the patients with
pFP and overweight or obesity were under the age of 10 years (10/48 in total numbers). Overweight and obese patients had a similar degree of facial nerve palsy as non-overweight or obese
patients with a mean HB (SD) score at presentation of 3.8 (0.4).
Of the patients with non-idiopathic pFP (103/202) only 10 were overweight or obese, which is
why we included the patients with Bell´s palsy in the group of patients with pFP in general.
Figure 2 shows the distribution of age, sex and BMI including BMI-percentiles of patients with
Bell´s palsy and non-idiopathic pFP.
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Figure 2. Distribution of age, sex and BMI of patients with Bell´s palsy (BP) and non-idiopathic
pFP (n-iFP).

To evaluate statistical significance, we compared our groups with the age groups from the RKI
with the highest prevalence of overweight and obesity (20,5 % of the 11-13 years old) and
obesity only (8,5 % of the 14-17 years old) (Table 2). High BMI was associated with statistically increased odds of Bell´s palsy in the overweight (BMI > 90th percentile; OR, 2.42; 95 %
CI, 1.6-3.8; P < 0.001) and obese group (BMI > 97th percentile; OR 2.43; 95 % CI, 1.4-4.3; P
= 0.003). The statistical significance was not equally achieved for boys and girls due to a significantly higher overweight and obesity rate in boys (BMI > 90th percentile) and a comparable
obesity rate (BMI > 97th percentile) in boys and girls. Boys with a BMI > 90th percentile had
an OR of 3.82 (95 % CI, 2.1-7.1; P < 0.001) and a lower OR of 2.00 (95 % CI, 0.9-4.6; P =
0.120) in the obese group only. In contrast, the odds for Bell´s palsy in the female cohort were
statistically significant in the obese but not the overweight and obese group (BMI > 97th percentile; OR, 2.89; 95 % CI, 1.3-6.2; P = 0.009 vs. BMI > 90th percentile; OR, 1.52; 95 % CI,
8

0.8-2.9; P = 0.206). The proportion of overweight or obese patients in the pFP cohort in general
was not statistically significant in either girls or boys, nor in the overall cohort (Table 2).
Controls
with BMI
> 90th Percentile (1113 y) a

Patients with Bell´s palsy
with BMI > 90th Percentile

Patients with Peripheral facial nerve palsy
with BMI > 90th Percentile

Variable
Female

%, (95% CI)
20.0
(15-26.2)

% (95% CI) No./Total No.
16.5
16/97
(9.3-23.7)

Male

21.1
(15.5-28.1)

Total

20.5
(17.6-23.2)

% (95% CI)
27.5
(15.741.1)
50.0
(35.464.6)
38.4
(28.347.5)

No./Total No. OR (95% CI) P Value
14/51
1.52
0.206
(0.8-2.9)
3.82
(2.1-7.1)

<0.001

30.5
(21.9-39.0)

32/105

1.65
(1.0-2.7)

0.050

38/99

2.42
(1.6-3.8)

< 0.001

23.8
(18.3-29.7)

48/202

1.21
(0.8-1.7)

0.336

Patients with Peripheral facial nerve palsy
with BMI > 97th Percentile

Variable

%, (95% CI)

% (95% CI) No./Total No.

OR (95% CI)

Female

7.7
(5.2-11.4)
9.2
(6.2-13.4)
8.5
(6.7-10.3)

19.6
(9.8-31.4)
16.7
(8.3-27.1)
18.2
(11.126.3)

2.89
(1.3-6.2)
2.00
(0.9-4.6)
2.43
(1.4-4.3)

8/48
18/99 3

P Value
0.009
0.120

% (95% CI) No./Total No.
11.3
(5.2-18.6)
10.5
(4.8-16.2)
10.9
(6.4-15.3)
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Patients with Bell´s palsy
with BMI > 97th Percentile

Total

P Value
0.478

24/48

Controls
with BMI
> 97th Percentile (1417 y) a

Male

OR (95% CI)
0.79
(0.4-1.4)

0.003



11/97
11/105
22/202

OR (95% CI)
1.51
(0.7-3.1)
1.17
(0.6-2.4)
1.34
(0.8-2.2)

P Value
0.235
0.708
0.274
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Table 2. Odds of pediatric risk for Bell´s palsy and Peripheral Facial Nerve Palsy
To see whether there were other possibly associated pre-existing conditions in patients with
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Bell´s palsy we checked our files regarding past and present medical history. 6 of the patients
with Bell´s palsy had documented recurrent facial nerve palsies, 4 of them had a BMI > 90th
percentile. 5 patients had autoimmune-related conditions such as neurodermitis, bronchial
asthma and psoriasis of which 3 patients had a BMI > the 90th percentile. Two patients had an
euthyroid goiter, two a hypothyreoidism, in each case one patient was obese. Three patients had
arterial hypertension, only one patient was obese. Interestingly, there was a positive family
history of pFP in 5 patients with Bell´s palsy. Family history was not documented on a regular
basis.
Of the 202 patients with pFP, 68 patients had a documented clinical follow-up in our department
and about half (54 %, n = 37) were patients with Bell´s palsy. For standardization we compared
patients who had a clinical follow-up < 120 days after manifestation and were not treated with
prednisolone (n = 41 patients with pFP) (Table 3). Of these patients 63 % (n = 26) had a HB
score of 1-2, 37 % (n = 15) had a HB score of 3-4. The distribution was comparable to the group
of patients with Bell´s palsy only. 23 patients with pFP and a BMI > 90th percentile had a
clinical follow-up, 13 within 120 days after manifestation and without treatment with prednisolone. Of these, 77 % (n 10) had a HB score of 1-2. The distribution was again comparable to
the group of patients with Bell´s palsy only. Of the 34 patients treated with prednisolone, only
9

12 patients had a documented clinical follow-up within 120 days, with 75 % (9) presenting a
HB score of 1-2.
Patients (n) a
pFP: 41
Bell´s palsy: 26

HB score 1-2, n (%) b
26 (63)
17 (65)

HB score 3-4, n (%)
15 (37)
9 (35)

BMI > 90th percentile
pFP: 13
Bell´s palsy: 10

10 (77)
7 (70)

3 (23)
3 (30)

Table 3. Outcome of Patients with pFP and Bell´s palsy (Clinical follow-up < 120 days after
manifestation)
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Discussion
This retrospective single-center database research from 2010 to 2020 yielded a large cohort of
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202 individually selected patients with pFP after comprehensive medical data analysis. Nearly
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50 % of the patients were diagnosed with Bell´s palsy after exclusion of any other causes. The
other half was classified as non-idiopathic pFP and was associated with an infectious disease in
70 % of the cases, mainly neuroborreliosis. The distribution is comparable to other studies fo-
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cussing on the etiology of pFP in children in Germany [17, 18]. Girls and boys were equally
affected and mean age of patients with pFP of 9.7 years was again comparable to the results in
the literature [17, 18, 35–37], which confirms the representative character of our cohort.
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The pathophysiology of Bell´s palsy remains unknown, but several predisposing factors have
been investigated in adults such as pregnancy, hypertension and diabetes [27–30] as well as
obesity [31]. No study to date has investigated the association of overweight and obesity with
Bell´s palsy in children. We found that the rate of patients with Bell's palsy who were overweight and/or obese was significantly higher than that of healthy controls. Thereby, the risk of
developing Bell's palsy is increased more than twofold with overweight and/or obesity. A limitation to the study is the comparison of our cohort with an external control cohort from the
RKI. The prevalence of overweight and obesity (BMI > 90th percentile) in the control cohort,
maintaining 3.561 children aged 3 to 17 years, was 15.4 % and of obesity alone (BMI > 97th
percentile) 5.9 %, each rising with age and no relevant gender imbalances [34]. Overweight and
obese patients with Bell´s palsy in our cohorts had a mean age of 12.2 years with a standard
deviation of 4. We compared our cohorts with the age groups from the RKI with the highest
prevalence of overweight and obesity (20,5 % of the 11-13 years old) and obesity (8,5 % of the
14-17 years old). Interestingly, the rate of boys with Bell´s palsy and a BMI > 90th percentile
almost doubled the rate of overweight and obese girls with Bell`s palsy (50% vs. 27,5%), while
there were no statistically significant gender differences in the prevalence of overweight and
10

obesity in the control cohort. In contrast, the proportion of obese girls and boys with a BMI
above the 97th percentile was comparable, with the rate of obese girls even being slightly higher
(19.6 % vs. 16.7 %). Taking that distribution into account, the statistical significance differed
between the sexes and led to the conclusion that the threshold for developing Bell´s palsy associated with a higher BMI appears to be lower in boys than in girls.
The rates of overweight and obese patients as well as exclusively obese patients generally did
not reach statistical significance in the cohorts of patients with pFP, which implies the significance of a high BMI only in connection with Bell's palsy. Due to the fact that overweight and
obesity are related to metabolic disorders such as hypertension and diabetes not only in adults
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but also in children [38–40] and that these comorbidities were associated with Bell´s palsies in
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adults [6, 28–30], we reviewed our files regarding pre-existing conditions in the cohort of patients with Bell´s palsy. We found three patients with documented arterial hypertension of
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which only one patient was obese. There was no patient with concomitant diabetes mellitus.
Due to the retrospective nature of the study, we were only able to assess documented and already diagnosed diseases and were not able to measure glycated hemoglobin (HbA1c) or long-
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term blood pressure in order to diagnose or uncover any preliminary stages of diabetes or hypertension. Apart from that, 5 patients were diagnosed with autoimmune diseases such as neu-
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rodermitis, bronchial asthma and psoriasis, of which 3 patients had a BMI > the 90th percentile.
It is also noteworthy that 6 of the patients with Bell´s palsy had documented recurrent facial
nerve palsies, of which 4 had a BMI > 90th percentile, which accounted for 11 % of all overweight or obese patients with Bell´s palsy. This may lead to the conclusion that overweight or
obese patients are at greater risk for recurrent Bell´s palsies although more studies are needed.
Choi et al. investigated the association of obesity and recovery from Bell´s palsy and found no
differences between weight categories and initial degree of facial nerve palsy, but found that
obesity and underweight reduce the ultimate recovery rate of patients with Bell´s palsy in a
cohort of adults and children in Korea [42]. In line with the first observation, the initial degree
of facial nerve palsy in overweight or obese patients did not differ from the rest of the cohort in
our study. Of the very limited comparable data from controls in our clinic, no major differences
in recovery rates for overweight or obese patients compared to non-overweight or obese patients
were detectable, but this association clearly requires more reliable data for investigation.
This study confirmed that overweight or obesity increased the odds for Bell´s palsy not only in
adult patients but also in obese girls and overweight and obese boys.
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Figure legends

Figure 1: Patient Selection and Etiology of Peripheral Facial Nerve Palsies (pFP)

re
-p

Of a total of 265 identified patients diagnosed with facial nerve palsies we excluded 63. Of the
remaining 202 patients with pFP, half were classified as Bell´s palsies and non-idiopathic pFP,

al
P

respectively.

Figure 2: Distribution of age, sex and BMI of patients with Bell´s palsy (BP) and non-idiopathic
pFP (n-iFP)
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Abbreviations: BP, Bell´s palsy; n-iFP, non-idiopathic pFP; BMI, body mass index, kg/m2.
The age of the patients is plotted against their BMI. BMI-percentiles are used to adjust BMI to
age and sex in children and adolescents [33]. Red dots represent patients with non-idiopathic
pFP, blue dots patients with Bell´s palsy.

Table legends
Table 1: Characteristics of the cohort (Peripheral facial nerve palsy versus Bell´s palsy)
Abbreviations: pFP, peripheral facial nerve palsy HB, House-Brackmann score; BMI, body
mass index, kg/m2; SD, standard deviation. a HB score was evaluated retrospectively based on
the clinical examination in the medical record. In 34 and 11 cases the degree of facial nerve
palsy of patients with pFP and Bell´s palsies were not sufficiently described and were taken out
of the HB cohort. Documentation of “incomplete peripheral facial nerve palsy” was rated as
HB score 3.
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Table 2: Odds of pediatric risk for Bell´s palsy and Peripheral Facial Nerve Palsy
Abbreviations: pFP, peripheral facial nerve palsy; BMI, body mass index, kg/m2; OR, odds
ratio.  Fisher exact test; significant at P < 0.05. a For the control group we used data from the
“KiGGS Welle 2” study from the Robert-Koch-Institute (RKI). We compared our data with the
age groups from the RKI with the highest prevalences of overweight and obesity (BMI > 90th
Percentile, 11-13 y, 167/816 in total numbers) and obesity (BMI > 97th Percentile, 14-17 y,
81/955 in total numbers) [34].

Table 3: Outcome of Patients with pFP and Bell´s palsy (Clinical follow-up < 120 days after

of

manifestation)
Abbreviations: pFP, peripheral facial nerve palsy; BMI, body mass index, kg/m2; HB, HouseDocumentation of “incomplete peripheral facial nerve palsy” was rated as HB score 3.
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Brackmann score. a For standardization none of these patients were treated with prednisolone.
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