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Abstract
Introduction: Acute facial palsy, characterized by sudden
hemifacial weakness, significantly impacts an individual’s
quality of life. Despite several predisposing factors iden-
tified for acute facial palsy, the specific relationship be-
tween diabetes mellitus (DM) and acute facial palsy has not
been comprehensively explored in recent studies. The aim
of the study was to assess the risk of acute facial palsy in
patients with DM using a nationwide population sample
cohort.Methods: DM cohort and non-DM cohort were built
using the Korean National Health Insurance Service-Sample
Cohort which represents the entire population of the Re-
public of Korea from January 2002 to December 2019. The
DM cohort comprised 92,872 patients with a record of
medication and a diagnosis of DM. Individuals who had
facial palsy before the diagnosis of DM were excluded. A
comparison cohort comprised 1,012,021 individuals with-
out DM matched sociodemographically in a 1:4 ratio. The
incidence of Bell’s palsy (BP) and Ramsay Hunt syndrome
(RHS) were evaluated in both cohorts. The risk factors
for acute facial palsy were also assessed. Results: Among
the 92,868 patients in the DM cohort, the incidence rate (IR) of
BP and RHS were 31.42 (confidence interval [CI], 30.24–32.63)
and 4.58 per 10,000 person-years (CI, 4.14–5.05), respectively.

Among the 371,392 individuals in the non-DM cohort, the
IR of BP was 22.11 per 10,000 person-years (CI, 21.62–22.59)
and the IR of RHS was 2.85 per 10,000 person-years (CI,
2.68–3.02). IR ratios for BP and RHS were 1.42 (CI, 1.36–1.48)
and 1.61 (CI, 1.43–1.80). In multivariate analysis, DM (hazard
ratio [HR] 1.428), age (HR 1.008), and high comorbidity
score (HR 1.051) were associated with increased risk of BP,
and male (HR 0.803) and living in metropolis (HR 0.966)
decreased the risk of BP. And DM (HR 1.615), high co-
morbidity score (HR 1.078), and living in metropolis (HR
1.201) were associated with increased risk for RHS.
Conclusion: This study suggests that patients with DM had
an increased risk of acute facial palsy including BP and RHS.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Acute peripheral facial palsy is a neurological disorder
characterized by the sudden onset of hemifacial weakness
resulting from a lower motor neuron lesion of the facial
nerve. Not only does this condition lead to functional
impairments, such as an inability to smile, blink, and oral
incompetence, but it also causes esthetic problems due to
facial asymmetry. In addition, some affected individuals
may encounter a decrease in tear flow and changes in
taste or salivation. These combined symptoms can have a
negative impact on a patient’s quality of life [1].
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Acute facial palsy affects approximately 20–30 indi-
viduals per one hundred thousand annually [2–4]. There
is no difference in incidence between male and female,
although some studies suggest that females may be
slightly more affected. Also, there is also no difference in
incidence between the right and left sides of the face [3, 5,
6]. Acute facial palsy can be attributed to a various un-
derlying medical condition such as infections, choles-
teatoma, trauma, acoustic tumors, malignancies, auto-
immune disorders, pregnancy, iatrogenic injuries, and
congenital abnormalities [5, 7–9]. The most common
type of acute facial palsy is idiopathic Bell’s palsy (BP).
Another condition, the Ramsay Hunt syndrome (RHS), is
known to be caused by the varicella-zoster virus and is
characterized by facial palsy, auricular vesicles, and
vestibulocochlear dysfunction. Notably, RHS is reported
to have a poorer prognosis than BP [3, 10].

There are several predisposing factors for acute facial
palsy, such as diabetes mellitus (DM), exposure to cold
temperatures, hemophilia, hereditary neuropathy, hy-
pertension, leukemia, Melkersson-Rosenthal syndrome,
Möbius syndrome, Paget’s disease, and sarcoidosis [4, 7].
Among these, DM is known to be related to micro-
angiopathy andmacroangiopathy and is believed to have
a negative impact on the body’s immune system [11].
This can potentially increase the risk of viral infections,
which can contribute to the development of acute facial
palsy. Previous studies have shown that people with DM
or abnormalities in glucose metabolism are more likely
to develop BP [12, 13]. In addition, the severity of facial
palsy tends to be more severe in these cases [14].
Similarly, other studies have shown that patients with BP
have a higher prevalence of DM than those without [15,
16]. In addition, one study found a lower incidence of
taste impairment in BP patients with DM, suggesting
that BP in DM patients may be thought of as a type of
diabetic mononeuropathy that occurs in a more distal
part of the fallopian canal [17]. However, most of these
studies are considerably dated, and there is a lack of
recent research on the relationship between DM and
acute facial palsy.

In South Korea, since 1989, all Koreans have been
enrolled in the National Health Insurance program. The
National Health Insurance Service (NHIS) offers open
health data on 1 million individuals, which is about 2% of
the National Health Insurance subscribers. This dataset
can be considered representative of the healthcare pop-
ulation of South Korea. Therefore, the present study
aimed to assess the risk of acute peripheral facial palsy in
patients with DM using this nationwide population
sample cohort.

Methods

Study Population and Design
This study utilized datasets from the Korean National Health

Information Database (NHIS-2023-2-150), provided by the
Korean NHIS. The NHIS database includes diagnoses and
associated comorbidities classified according to the 10th version
of the International Classification of Diseases and Related
Health Problems (ICD-10), demographic characteristics,
healthcare institution specifics, income level, and urbanization
status. We focused on the entire sample cohort population from
the period of January 2002 to December 2019. Individuals who
were diagnosed with DM (ICD-10 codes E10–E14) at least once
during this period were classified into the DM cohort. In
contrast, those who had never been diagnosed with DM during
the same period were categorized into the non-DM cohort,
serving as the control group. Patients diagnosed with acute
facial palsy before their DM diagnosis and control individuals
diagnosed with acute facial palsy before enrollment were ex-
cluded from the study. Individuals with incomplete data re-
garding gender, age, income status, and urbanization level were
also excluded from the study.

To reduce the influence of potential confounders that could
affect the onset of acute facial palsy, we employed a 1:4 nearest
neighbor matching between the two cohorts. As a result, the final
study population consisted of 92,868 individuals in the DM cohort
and 371,392 individuals in the non-DM cohort (shown in Fig. 1).
Throughout the observational period, occurrences of acute facial
palsy were monitored in both cohorts. The onset of acute facial
palsy was evaluated based on two conditions: BP (G51.0) and RHS
(B02.2).

BP was diagnosed clinically in most cases without specialized
tests. It was recognized as a characteristic hemifacial weakness with
sudden onset without other neurological findings. On the other
hand, RHS was diagnosed when the patient presented with pain
and a characteristic vesicular rash on the ipsilateral ear along with
facial weakness. In some cases, the presence of varicella-zoster
virus was confirmed by a Tzanck smear to confirm the vesicular
rash, but in characteristic cases, the diagnosis was made without
this specialized test. In clinical practice, these diagnostic decisions
were recorded in the NHIS database along with the time of di-
agnosis using the corresponding ICD-10 code. However, detailed
indicators related to the severity of the disease, such as the House-
Brackmann grade, are not collected.

Evaluation of Comorbidities
For the evaluation of comorbidities, we utilized the Charlson

comorbidity index (CCI) score proposed by Charlson et al. [18] in
1987. This index assigns scores to 17 diseases based on their
relative risks, using a weighted methodology. For the purpose of
this study and to eliminate the impact of DM, we excluded “di-
abetes without chronic complication” and “diabetes with chronic
complication” from the original items, applying an adjusted CCI
score for our assessment.

Statistical Analysis
Data were analyzed using R Studio, Integrated Development

Environment for R Version 1.0.136 (R Studio Inc., Boston, USA,
https://www.rstudio.com), and SAS Enterprise Guide software
version 7.1 (SAS Institute, Inc., Cary, NC, USA). Comorbidities
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and sociodemographic characteristics of the study cohort were
represented as percentages for categorical variables and as means
with standard deviations for continuous variables. Comparisons
between groups were made using independent sample t tests for
continuous variables and χ2 tests for categorical variables. For
the purpose of unbiasedly estimating the difference in acute
facial palsy incidence between the DM and non-DM cohorts, we
applied a 1:4 nearest neighbor matching method. This method
was chosen because it allows for increased statistical power
while maintaining balance and representativeness between
cohorts [19]. Propensity score was calculated by a logistic re-
gression analysis with covariates of gender, age, income, ur-
banization level, and the adjusted CCI score. The caliper was
adjusted to 0.01 to ensure a standardized mean difference with
an absolute value less than 10% [20]. Person-years were cal-
culated by summing up all the observation years per patient
from the enrollment to the endpoint: diagnosis of acute facial
palsy, death, or end of the study period. Incidence rates (IRs)
per 10,000 person-years were calculated using a 95% confidence
interval (CI). The incidence rate ratio (IRR) for acute facial
palsy was calculated for the DM cohort in comparison with the
non-DM cohort. Both univariate (crude) and multivariate
(adjusted) Cox proportional hazard models were utilized to
analyze the risk of acute facial palsy (hazard ratio [HR]) for
individuals, considering the included covariates.

Results

Demographics of the Study Population
From January 2002 to December 2019, the total sample

cohort population comprised 1,134,108 individuals. After
applying exclusion criteria, the DM cohort consisted of
92,872 individuals, while the non-DM cohort accounted
for 1,012,021. Following a 1:4 nearest neighbor matching,
the final study population included 92,868 individuals in
the DM cohort and 371,392 in the non-DM cohort
(shown in Fig. 1).

Table 1 shows the characteristics of the matched DM
and non-DM cohorts. The average age for both cohorts
was 57.7 years, with 55.7% being male and 44.3% female.
And the mean adjusted CCI score was 0.99. During the
study period, BP was diagnosed in 2,701 individuals
(2.9%) from the DM cohort and 8,154 (2.2%) from the
non-DM cohort. Furthermore, RHS was observed in 401
individuals (0.4%) in the DM cohort and 1,064 (0.3%) in
the non-DM cohort.

Fig. 1. Flow diagram of the study. NHIS, National Health Insurance Service. DM, diabetes mellitus.
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Incidence of Acute Facial Palsy
The IR of BPwas 31.42 per 10,000 person-years in theDM

cohort and 22.11 in the non-DMcohort, revealing a 1.42-fold
higher incidence in the DM cohort (95% CI 1.36–1.48). In
both cohorts, the IR of BP was higher in females than in
males and greater in individuals aged 50 and above than
those below 50. In every category, based on gender and age,
the BP incidence was consistently higher in the DM cohort
compared to the non-DM cohort (IRR 1.47, 95% CI
1.37–1.56 inmale; IRR 1.39, 95%CI 1.30–1.47 in female; IRR
1.51, 95% CI 1.37–1.66 in those below 50 years; IRR 1.40,
95% CI 1.33–1.47 in those 50 years and above) (Table 2).

Regarding RHS, the IR was 4.58 per 10,000 person-
years in the DM cohort and 2.85 in the non-DM cohort,

indicating a 1.61-fold increase in the DM cohort (95% CI
1.43–1.80). No significant difference in the incidence of
RHS based on gender or age was observed. However, the
incidence was consistently higher in the DM cohort for
both genders (IRR 1.64, 95% CI 1.40–1.91 in male; IRR
1.57, 95% CI 1.32–1.86 in female) and age groups (IRR
1.86, 95% CI 1.50–2.30 in those below 50 years; IRR 1.52,
95% CI 1.32–1.74 in those 50 years and above) (Table 3).

Risk Factors for Acute Facial Palsy
When analyzing factors affecting the development

of BP in the entire cohort, univariate analysis revealed
significant associations with the presence of DM,
higher age, female gender, highest income, rural

Table 1. Comorbidities and
sociodemographic characteristics of
the study cohort

DM
(n = 92,868)

Non-DM
(n = 371,392)

SMD

n (%) or M±SD n (%) or M±SD

Matching parameters
Gender

Male 52,564 (56.6) 206,235 (55.5) 0.0216
Female 40,304 (43.4) 165,157 (44.5) −0.0216

Age 57.55±12.73 57.72±13.12 −0.0132

Income
Lowest 20,734 (22.3) 84,510 (22.8) −0.0101
Lower mid 15,502 (16.7) 60,894 (16.4) 0.0078
Upper mid 18,804 (20.3) 73,156 (19.7) 0.0138
Highest 37,828 (40.7) 152,832 (41.2) −0.0085

Urbanization level
Metropolis 41,899 (45.1) 170,881 (46.0) −0.0179
Rural 50,969 (54.9) 200,511 (54.0) 0.0179

Adjusted CCI score* 0.97±1.53 0.99±1.43 −0.0172

Myocardial infarction + congestive
heart failure

4,220 (4.5) 12,111 (3.3) 0.0662

Peripheral vascular disease 8,168 (8.8) 27,816 (7.5) 0.0479

Cerebrovascular disease 5,864 (6.3) 21,707 (5.8) 0.0197

Outcome (1)
BP

Incidence 2,701 (2.9) 8,154 (2.2)
Follow-up years 9.26±5.57 9.93±5.56

Outcome (2)
RHS

Incidence 401 (0.4) 1,064 (0.3)
Follow-up years 9.42±5.58 10.06±5.55

DM, diabetes mellitus; M, mean; SD, standard deviation; SMD, standardized mean
difference; CCI, Charlson comorbidity index. *Adjusted CCI excludes the categories
“diabetes without chronic complication” and “diabetes with chronic complication”
from the original CCI.
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residence, and the presence of comorbidities. However,
multivariate analysis showed presence of DM, in-
creased age, being female, having the highest income,
and the presence of comorbidities, especially cere-
brovascular disease, as risk factors (Table 4). For the
development of RHS, presence of DM, living in a
metropolis, a higher adjusted CCI score, and the
presence of cerebrovascular disease emerged as sig-
nificant risk factors (Table 5).

Discussion

In this nationwide cohort study assessing the association
between DM and the risk of acute facial palsy, we found that
individuals with DM had an increased risk of both BP and
RHS. Furthermore, we also identified that other co-
morbidities, especially cerebrovascular disease, increased the
risk of acute facial palsy. Utilizing data spanning 17 years
from the KoreanNHIS-Sample Cohort, this research offers a
comprehensive overview of the factors associated with acute
facial palsy within the South Korean population.

Acute facial palsy significantly affects an individual’s
quality of life, leading to both functional and esthetic
challenges. Therefore, it is necessary to focus not only on
treatment of the disease but also on its prevention.
Understanding the risk factors underlying the onset and
progression of this condition is essential. Previous studies
have highlighted that the causes of acute facial palsy can
be attributed to various medical conditions and predis-
posing factors [4, 5, 7]. In particular, DM, which is as-
sociated with microangiopathy and immune system
dysfunction, is emerging as an important risk factor of
acute facial palsy.

BP is commonly regarded as an entrapment neurop-
athy resulting from processes of inflammation, edema,
and strangulation [14]. The well-documented micro-
angiopathy in DM patients can lead to impaired blood
supply to nerves, resulting in hypoxia-induced neurop-
athy [21]. In one study, a decrease in total capillary
basement membrane area, indicative of decreased nerve
conduction, was observed in DM patients, and a sig-
nificant increase in peripheral neuropathy was found
[22]. This supports the hypothesis that microvascular
pathology in DM underlies the development of peripheral
neuropathy. Another study found that in BP patients with
DM, nerve conduction studies revealed that they had
asymptomatic polyneuropathy, not just mononeuropathy
of the facial nerve. This suggested that BP, an entrapment
neuropathy, may be more likely to occur if the reserve
capacity of the distal peripheral nerve has already been Ta
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reduced by DM [12]. Consequently, in the present study,
the high susceptibility of DM patients to peripheral facial
neuropathy may have contributed to the development of
acute facial palsy.

Moreover, DM is recognized to influence the immune
system, leading to an increased vulnerability to viral
infections. Insulin itself has been identified as a molecule
capable of directly regulating the function of immune
cells, particularly T cells. However, in DM, T cell insulin
receptor expression diminishes, resulting in impaired
proliferation of antiviral T cells and cytokine production,
rendering individuals more susceptible to infections [11].
Indeed, during the era of coronavirus disease 2019
(COVID-19), DM emerged as one of the most commonly
reported comorbidities among severe patients, further
highlighting the susceptibility of diabetes patients to
infections [23]. The fact that the incidence of BP, known
to be susceptible to various infections, and RHS, known to
be primarily caused by varicella-zoster virus infection,
were increased in the DM cohort in the present studymay
also be explained by the preceding explanations.

Diabetes stands as a growing global health concern.
According to data from the IDF (International Diabetes
Foundation) in 2021, the global diabetic population stands
at approximately 537million, with projections indicating a
rise to 783 million by 2045 [24]. The prevalence of DM in
South Korea has been steadily increasing; as of 2020, it was
reported at 13.6%, higher than the average of OECD
(Organization for Economic Co-operation and Develop-
ment) countries. Despite the high prevalence of DMand its
association with acute facial palsy, the clinical significance
of DM in the context of acute facial palsy is often over-
looked. Given that diabetes can lead to numerous com-
plications, it warrants increased attention in both clinical
and public health strategies.

Based on these observations, there are notable clinical
implications when considering the management and
treatment of acute facial paralysis in patients with DM.
The standard treatment for both BP and RHS is known to
be high-dose systemic steroids and/or antiviral therapy
[4]. High-dose steroids have the potential to elevate blood
glucose levels, so caution is required when administered
to DM patients. The increased incidence of BP and RHS
within our DM cohort signifies a notable association.
Tight glycemic control is just as important as steroid
treatment in managing these conditions. Therefore, strict
DMmanagement alongside steroid treatment is essential.
In some cases, clinicians might consider early intra-
tympanic steroid injections as an alternative therapy.

Our study not only examined DM but also compre-
hensively investigated other factors that could influenceTa
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the onset of acute facial palsy. Our results suggest that
beyond DM, factors like age, female gender, higher in-
come, a higher adjusted CCI score, and cerebrovascular
disease elevated the risk of BP. Moreover, residing in a
metropolis, having a high adjusted CCI score, and con-
current cerebrovascular disease were associated with an
increased risk of RHS. In both BP and RHS, the presence
of comorbidities, especially cerebrovascular disease, was a
significant risk factor for disease development. Previous
studies have reported a higher incidence of ischemic
stroke in patients with BP [25, 26]. It is believed that viral
infections, one of the suspected causes of BP, can induce
vasculitis, which in turn increases such risks.

Age was also a significant risk factor for BP. As shown
in Table 2, both in the DM and non-DM cohorts, those
aged over 50 showed a higher IR of BP compared to

those under 50, which is consistent with previous
findings that the incidence increases with age [27]. The
prevalence of comorbidities increases with age, which
may explain the effect of age on the results of this study.
In this study, the IR of BP was also found to be higher in
females than in males. While some studies suggested
that gender does not play a role in BP’s occurrence,
considering pregnancy as a known predisposing factor
for BP, it is reasonable to assume that the higher inci-
dence among females could be influenced by such
effects [4].

Interestingly, socioeconomic aspects, like income and
residence, also appeared to influence the incidence of acute
facial palsy. These observations are likely attributable to the
characteristics of claim data, which captures only those
treated. In other words, residing in metropolises and

Table 4. Multivariate analysis of risk
factors for the development of BP
during the follow-up period in the
whole cohort

Overall development of BP (n = 464,260)

crude HR 95% CI adjusted HR 95% CI

DM
Yes 1.423 1.362–1.486 1.428 1.368–1.492
No Ref ref

Age 1.013 1.011–1.014 1.008 1.007–1.010

Gender
Male 0.758 0.730–0.787 0.803 0.773–0.835
Female ref ref

Income
Lowest 0.926 0.881–0.973 0.927 0.882–0.974
Lower mid 0.889 0.841–0.940 0.912 0.863–0.964
Upper mid 0.912 0.867–0.961 0.928 0.881–0.977
Highest ref ref

Urbanization level
Metropolis 0.946 0.911–0.982 0.966 0.930–1.004
Rural Ref ref

Adjusted CCI score* 1.087 1.073–1.101 1.051 1.034–1.068

Myocardial infarction + congestive heart failure
Yes 1.344 1.212–1.490 1.009 0.904–1.127
No ref ref

Peripheral vascular disease
Yes 1.352 1.254–1.457 1.059 0.976–1.150
No ref ref

Cerebrovascular disease
Yes 1.437 1.328–1.556 1.126 1.032–1.228
No ref ref

“ref” denotes the “reference group.” This is the baseline category against which the
other categories are compared during the analysis. DM, diabetes mellitus; CCI,
Charlson comorbidity index; HR, hazard ratio; CI, confidence interval. *Adjusted CCI
excludes the categories “diabetes without chronic complication” and “diabetes with
chronic complication” from the original CCI.
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having higher income might increase access to medical
care, subsequently leading to an increased diagnosis rate.
These results highlight the significance of healthcare
strategies aimed at enhancing medical accessibility.

A major strength of our study lies in its utilization of
a nationwide population dataset. To our knowledge,
this is the first formal study using a nationwide pop-
ulation database to assess the impact of DM on the
onset of acute facial palsy. Our findings emphasize the
potential neurological implications of comorbidities
such as DM. Additionally, the consistent increase in the
IRs of BP and RHS across various genders and age
groups within the DM cohort demonstrates the
successful identification of a potential association be-
tween DM and these conditions.

However, our study has several limitations. The
primary concern stems from the nature of claim data,
resulting in the exclusion of data from patients who did
not visit hospitals and the absence of detailed infor-
mation regarding patients’ actual health status and
treatment processes. In addition, this study did not
investigate the incidence of distal symmetrical neu-
ropathy, which could explain the higher incidence of BP
in patients with DM. Thus, while the important finding
that DM increases the incidence of acute facial palsy, it is
important to note that BP in DM patients cannot de-
finitively be classified as part of diabetic mono-
neuropathy. Further studies to investigate the associa-
tion with distal symmetrical neuropathy are required.
Another limitation is that, given the specialized nature of

Table 5. Multivariate analysis of risk
factors for the development of RHS
during the follow-up period in the
whole cohort

Overall development of RHS (n = 464,260)

crude HR 95% CI adjusted HR 95% CI

DM
Yes 1.617 1.442–1.814 1.615 1.440–1.812
No ref ref

Age 1.000 0.996–1.004

Gender
Male 1.014 0.915–1.124
Female ref ref

Income
Lowest 0.927 0.809–1.062
Lower mid 0.952 0.821–1.104
Upper mid 0.911 0.791–1.048
Highest ref ref

Urbanization level
Metropolis 1.186 1.071–1.314 1.201 1.084–1.330
Rural ref ref

Adjusted CCI score* 1.097 1.059–1.137 1.078 1.034–1.123

Myocardial infarction + congestive heart failure
Yes 1.176 0.868–1.593
No ref ref

Peripheral vascular disease
Yes 1.300 1.051–1.608 1.043 0.828–1.314
No ref ref

Cerebrovascular disease
Yes 1.553 1.257–1.920 1.295 1.026–1.634
No ref ref

“ref” denotes the “reference group.” This is the baseline category against which the
other categories are compared during the analysis. DM, diabetes mellitus; CCI,
Charlson comorbidity index; HR, hazard ratio; CI, confidence interval. *Adjusted CCI
excludes the categories “diabetes without chronic complication” and “diabetes with
chronic complication” from the original CCI.
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our South Korean sample population, our findings may
not be easily generalized to populations of other races
and ethnicities beyond South Korea. Furthermore, data
regarding the severity or prognosis of the facial palsy and
the severity or glycemic control of DM were also not
provided. Future research could potentially address
these limitations by integrating vast medical data
repositories.

In light of our findings, clinicians should be alert to
the potential increased risk of acute facial palsy in
patients with DM and be more attentive in their
management. Timely control and management of DM
can potentially alleviate the associated risks, high-
lighting the significance of early diagnosis and inter-
vention for DM patients.
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