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Abstract

Purpose

Infection, chronic pain and depression are considered risk factors for herpes zoster (HZ).
However, the correlation between plantar fascial fibromatosis (PFF) and HZ remains
unknown. This study investigated HZ risk in patients with PFF.

Methods

Data was extracted from the Longitudinal Health Insurance Database 2000, which is a sub-
sample of the Taiwan National Health Insurance (NHI) Research Database and contains 1
million NHI beneficiaries. Between 2000 and 2012, patients diagnosed as having PFF were
included in the case cohort. Every case was age and sex-matched with individuals without
PFF through 1:4 frequency matching (control cohort). The end of the follow-up was defined
as December 31, 2013, the date of HZ diagnosis, death, emigration, or withdrawal from the
NHI program.

Results

In total, 4,729 patients were diagnosed as having PFF and were matched with 18,916 indi-
viduals without PFF. Patients with PFF were 1.23 times more likely to develop HZ than were
those without PFF. Among those aged >65 years, patients with PFF had a higher HZ risk
than did those without PFF (adjusted hazard ratio [aHR] = 1.48). Men with PFF had a signifi-
cantly higher risk of HZ than did men without PFF (aHR = 1.44).

Conclusion

Patients with PFF, particularly older and male patients, having a high HZ risk and may thus
be vaccinated for HZ.
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Introduction

Plantar fascial fibromatosis (PFF), also known as Ledderhose’s disease, was first described by
Ledderhose in 1897 [1]. PFF is characterized by a benign, slow-growing nodule forming in the
plantar fascia. Over time, nodule growth may cause walking to become painful.

PFF prevalence is poorly understood but is most commonly seen in young adults. The pre-
vious studies have shown that the prevalence of PFF in men is twice that of women. PFF pres-
ents bilaterally in 25% of patients [2-4]. Although PFF can be diagnosed through physical
examination alone, ultrasound or magnetic resonance imaging can be used to rule out other
diseases and confirm PFF. Conservative treatment modalities, including steroid injection,
radiation, and extracorporeal shock wave therapy, and surgical intervention are used to treat
PFF [3, 4].

Herpes zoster (HZ) is characterized by painful vesicular skin rashes in affected areas caused
by the reactivation of the varicella-zoster virus from its latent state in posterior dorsal root gan-
glions. A systematic review of the literature determined that the incidence rate of HZ in the
general population was between 2.1 and 5.5 per 1,000 person-years. The HZ incidence rate was
higher in patients with underlying conditions such as diabetes (9.4-15.3 per 1000 person-
years) or chronic obstructive pulmonary disease (11.0-11.4 per 1000 person-years). The high-
est HZ incidence rate (up to 400.0 per 1,000 person-years) was observed in immunocompro-
mised patients [5].

HZ incidence was reported to increase with age because of the age-related attenuation of
immunity. The HZ incidence rate was high in adults aged 75-79 years (9.12 per 1,000 person-
years) [6]. The 10-year recurrence risk of HZ was 10.26% [7]. Postherpetic neuralgia is an
unpleasant complication that can last from months to years after recovery from the acute
stage.

The burden of diseases such as infection [8, 9], chronic pain related diseases [10-14] and
depression [15] has been considered to cause stress in affected patients and increase HZ risk.
Both PFF and PFF-related pain may also cause stress in affected individuals and thus increase
HZ risk. In this study, we investigated the association between PFF and HZ risk.

Materials and methods
Patients

A unique (single-payer) program was operated by the Taiwan National Health Insurance
(NHI) since March 1, 1995. Approximately 99.9% of Taiwanese residents are enrolled. In this
study, data was extracted from the Longitudinal Health Insurance Database 2000 (LHID2000)
which was a subsample of the NHI Research Database (NHIRD) containing 1 million NHI
beneficiaries. A de-identification process was applied before analysis to ensure the patients’
privacy. The International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) was used to identify diagnoses.

Study population

Patients with PFF (ICD-9-CM: 728.71) were assigned to the case cohort. The index date for
the PFF group was the date of the first PFF diagnosis. Patients aged <20 years or those who
were diagnosed as having as HZ (ICD-9-CM.: 053) before the index date were excluded. A total
of 4,729 patients were diagnosed as having PFF between 2000 and 2012; they were age and sex-
matched with 18,916 individuals not diagnosed as having PFF between 2000 and 2012 through
1:4 frequency matching. The reference date for the non-PFF group was set as the index date of
their age and sex-matched PFF counterpart. The end of the follow-up period was defined as
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either the end of 2013 or the date on which individuals were diagnosed as having HZ, died,
emigrated or withdrew from the NHI program. Some comorbidities correlated to HZ were
selected, namely diabetes (ICD-9-CM: 250), coronary artery disease (CAD; ICD-9-CM: 410-
414), depression (ICD-9-CM: 296.2, 296.3, 300.4, and 311), chronic kidney disease (ICD-
9-CM: 585 and 586), obesity (ICD-9-CM: 278), and cancer (ICD-9-CM: 140-208). Postherpe-
tic neuralgia is the most common complication after recovery from HZ. In this paper, posther-
petic neuralgia and recurrence of HZ were also analyzed.

Ethics approval and consent to participate

The NHIRD encrypts patient personal information to protect privacy and provides researchers
with anonymous identification numbers associated with relevant claims information, includ-
ing sex, date of birth, medical services received, and prescriptions. Therefore, patient consent
is not required to access the NHIRD. This study was approved to fulfill the condition for
exemption by the Institutional Review Board (IRB) of China Medical University (CMUH104--
REC2-115-AR4). The IRB also specifically waived the consent requirement.

Statistical analysis

To explore the association between PFF and HZ, the incidence of HZ in patients with and indi-
viduals without PFF was calculated, and the risk of HZ was evaluated using the Cox propor-
tional hazards regression. Hazard ratios with 95% confidence intervals (95% CI) were
calculated to estimate the risk, and adjusted hazard ratios (aHR) with 95% CI were also calcu-
lated after adjusting for statistically significant confounding factors in the models. The Kaplan-
Meier curves of the cumulative HZ incidence in patients with and individuals without PFF
were used to depict the difference between the cohorts, and the log-rank test was also
performed.

Categorical data was presented as counts and percentages; the chi-square test was used to
examine the differences between demographic distributions and the comorbidities of the case
and control cohorts. Continuous data was presented as means and standard deviations (SD),
and the t-test was used to compare mean values between the case and control cohorts for each
continuous variable. Statistical analysis was performed using SAS 9.4 (SAS Institute Inc., Cary,
NC). The plots were created using R language. A p of <0.05 was considered statistically
significant.

Results
Baseline characteristics

The distribution of demographic characteristics and comorbidities in the cohorts with and
without PFF was listed in the Table 1. Both cohorts, 41.0%, 41.7% and 17.3% of the individuals
were aged <49, 50-64, and >65 years, respectively, with a mean (+ SD) age of 52.3 (£ 13.1)
and 51.9 (* 13.5) years in the case and control cohorts, respectively. Moreover, 63.2% were
women and 36.8% were men. Both the cohorts did not exhibit significant differences in inves-
tigated comorbidities, namely diabetes, chronic kidney disease, and cancer.

Association of risk factors with HZ and Kaplan-Meier plot in the cohorts

PFF, age, sex, and comorbidities (diabetes, CAD, depression, chronic kidney disease, and can-
cer) were determined to be significant risk factors for HZ (Table 2). Patients with PFF were
1.23 times more likely to develop HZ than were those without PFF after adjustments for age,
sex, and comorbidities (Fig 1).
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Table 1. Demographic characteristics and comorbidities in cohorts with and without plantar fascial fibromatosis.

Plantar facial fibromatosis

No Yes
Variable N = 18916 N =4729 p-value
Age, year 0.99
<49 7752(41.0) 1938(41.0)
50-64 7892(41.7) 1978(41.7)
65+ 3272(17.3) 818(17.3)
Mean+SD' 51.9+13.5 52.3+13.2 <0.001
Sex 0.99
Female 11960(63.2) 2990(63.2)
Male 6956(36.8) 1739(36.8)
Comorbidity
Diabetes 1231(6.51) 307(6.49) 0.97
CAD 2599(13.7) 842(17.8) <0.001
Depression 1056(5.58) 321(6.79) 0.002
Chronic kidney disease 307(1.62) 63(1.33) 0.15
Obesity 311(1.64) 203(4.29) <0.001
Cancer 557(2.94) 135(2.85) 0.74

Chi-Square Test;
T T-Test
CAD denotes coronary artery disease

https://doi.org/10.1371/journal.pone.0259942.t001

Stratified analysis of the association between PFF and HZ

Patients with PFF aged >65 years had a higher HZ risk than did their non-PFF counterparts
(aHR =1.48, 95% CI = 1.14-1.92). Men with PFF had a significantly higher HZ risk than
did those without PFF (aHR = 1.44, 95% CI = 1.12-1.85). Patients with PFF and any comor-
bidity had a higher HZ risk than did those without PFF (aHR = 1.35, 95% CI = 1.09-1.69)
(Table 3).

The joint effects of comorbidities and PFF on HZ risk was illustrated in Table 4. The statis-
tically significant higher risk of HZ was observed in the patients with both PPF and CAD
(aHR = 1.63, 95% CI = 1.28-2.08) than those without PPF and CAD. Postherpetic neuralgia
was no difference between the patients with and without PFF (15.1% vs 10.4%) (adjusted odds
ratio [aOR] = 1.21 (95% CI = 0.89-1.64) (Table 5). However, recurrence of HZ was slight dif-
ference but statistically significant between the patients with and without PFF (32.1% vs
27.9%) (aOR = 1.51 (95% CI = 1.00-2.27).”

Sensitivity analysis

We used logistic regression to calculate the propensity score for PFF status by estimating
the assignment probability based on baseline variables, including age, sex, comorbidities of
diabetes, CAD, depression, chronic kidney disease, obesity, and cancer. The HZ risk was
higher in PFF patients than in propensity score-matched non-PFF patients (aHR = 1.35,
95% CI = 1.12-1.62).

Discussion

This is the first population-based study to identify the association between PFF and HZ;
patients with PFF were 1.23 times more likely to develop HZ than were those without PFF.
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Table 2. The incidence and risk factors for herpes zoster.

Variables Event PY Rate” (95% CI) Crude HR (95% CI) Adjusted HR¥ (95% CI)
Plantar fascial fibromatosis
No 834 105562 7.90(7.60, 8.23) 1.00 1.00
Yes 265 26587 9.97(9.28, 10.8) 1.26(1.10, 1.45)** 1.23(1.07, 1.41)**
Age, year
<49 250 56409 4.43(4.17,4.70) 1.00 1.00
50-64 566 54171 10.5(9.95, 11.0) 2.38(2.05, 2.76)*** 2.21(1.89,2.57)***
65+ 283 21568 13.1(12.2, 14.3) 3.01(2.54, 3.57)"** 2.65(2.21, 3.18)***
Sex
Female 788 85062 9.26(8.92, 9.66) 1.40(1.23, 1.60)*** 1.26(1.10, 1.44)***
Male 311 47087 6.60(6.22,7.01) 1.00 1.00
Comorbidities
Diabetes
No 1000 124051 8.06(7.75, 8.40) 1.00 1.00
Yes 99 8097 12.2(10.7, 14.0) 1.54(1.25, 1.89)*** 1.07(0.87, 1.33)
CAD
No 857 113781 7.53(7.23,7.83) 1.00 1.00
Yes 242 18368 13.2(12.0, 14.0) 1.77(1.53, 2.04)*** 1.25(1.07, 1.46)**
Depression
No 1026 125644 8.17(7.91, 8.48) 1.00 1.00
Yes 73 6505 11.2(9.75, 12.9) 1.43(1.13, 1.82)** 1.18(0.93, 1.51)
Chronic kidney disease
No 1076 130543 8.24(7.99, 8.57) 1.00 1.00
Yes 23 1605 14.3(11.0, 18.7) 1.80(1.19, 2.73)** 1.31(0.86, 1.99)
Obesity
No 1083 129722 8.35(8.07, 8.65) 1.00 1.00
Yes 16 2427 6.59(5.14, 8.48) 0.82(0.50, 1.35)
Cancer
No 1062 129118 8.23(7.91, 8.48) 1.00 1.00
Yes 37 3030 12.2(10.1, 14.8) 1.54(1.11, 2.14)* 1.18(0.85, 1.65)

Rate”, incidence rate, per 1,000 person-years; Crude HR, relative hazard ratio; Adjusted HR¥, multivariable analysis including age, sex, and comorbidities of diabetes,
CAD, depression, chronic kidney disease, and cancer;

*p<0.05,

“*p<0.01,

“**p<0.001

https://doi.org/10.1371/journal.pone.0259942.t002

In this study, PFF prevalence was found to be 0.5% (Table 1). Furthermore, the majority
(82.7%) of patients with PFF were aged <65 years. Carroll et al. reported that PFF was most
commonly seen in patients aged 20-40 years [3]. Heyd et al. reported that the onset of PFF
symptoms was observed in patients aged 30-40 years [2]. However, we determined that the
prevalence was similar in patients aged <49 (41.0%) and 50-65 (41.7%) years. PFF has a
multifactorial etiology such as traumatic causes, Dupuytren’s contractures, diabetes mellitus
or alcohol consumption [3, 4]. The etiology of men having a higher prevalence than women
is still unclear [3, 4]. In contrast to previous studies [2-4], we observed that women were
affected nearly 1.7 times as often as men (63.2% vs. 36.8%). This may due to the difference
of tolerance for pain lead to a higher rate of women seeking medical treatment. Moreover,
the data for this study was extracted from the LHID2000 which had a large sample size with

PLOS ONE | https://doi.org/10.1371/journal.pone.0259942 November 24, 2021 5/11


https://doi.org/10.1371/journal.pone.0259942.t002
https://doi.org/10.1371/journal.pone.0259942

PLOS ONE

Plantar fascial fiboromatosis and herpes zoster

u‘—). — — Without plantar facial fibromatosis
s e With plantar facial fibromatosis
@ Log-rank test: P-value=0.001 .
N
w
i)
g
o 2
e -
w D
(o]
L
[&]
[ =
L
9
[&]
{ =
o [[p]
L o
= o
©
=
=
=]
B,
o
O_ -
e | | | |
0 5 10 15
years

Fig 1. Comparison of cumulative incidence of herpes zoster for patients with (dashed line) and without (solid
line) plantar fascial fibromatosis.

https://doi.org/10.1371/journal.pone.0259942.9001

1 million insured persons. Thus, the results can be trustable. Despite Although the preva-
lence of PFF was higher in women in the present study, but we observed that the burden of
PFF for HZ development was higher in men. Men with PFF were 1.44 times more likely to
develop HZ than were men without PFF. Therefore, PFF may be a larger source of stress in
men.

Although PFF is a benign disease, it can become a painful condition during walking as the
nodules grow. Several studies have reported that chronic pain is associated with depression.
Rapti et al. reported that 22.5% of patients with chronic pain had depression, the majority of
whom (62%) were women [16]. A large sample study from the Healthcare Cost and Utilization
Project database in the United States conducted by Orhurhu et al. reported that 22.9% of
patients with chronic pain were diagnosed as having depression. The authors investigated the
trends of depression among patients with chronic pain, and reported that the rates of depres-
sion were 22.6% in 2011 and 23.1% in 2015 [17]. Among elderly patients with chronic pain,
the prevalence of depression was higher. Morete et al. reported that 35.2% of elderly patients
with chronic pain were diagnosed as having depression [18]. Orhurhu et al. noted a significant
increasing trend of depression among patients with chronic pain aged 65-84 years, and the
rates were 29.0% in 2011 and 32.4% in 2015 [17]. Humo et al. attempted to explain the associa-
tion between chronic pain and depression through molecular mechanisms. They suggested
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Table 3. Incidence of herpes zoster by age, sex and comorbidity and Cox model measured hazards ratio for patients with plantar facial fibromatosis compared to
those without plantar fascial fibromatosis.

Plantar fascial fibromatosis

No Yes

Variables Event PY Rate” (95% CI) Event PY Rate” (95% CI) Crude HR (95% CI) Adjusted HR¥ (95% CI)
Age, years

<49 187 45109 | 4.15(3.89,4.43) 63 11300 | 5.58(4.89,6.35) 1.34(1.01, 1.79)* 1.31(0.98, 1.75)

50-64 443 43339 10.2(9.66,10.9) 123 10832 11.4(10.2,12.8) 1.11(0.91, 1.36) 1.10(0.90, 1.34)

65+ 204 17113 11.9(10.9,13.0) 79 4454 17.7(15.0,21.1) 1.48(1.14, 1.92)** 1.48(1.14, 1.92)**
Sex

Female 609 68002 8.96(8.57,9.37) 179 17060 10.5(9.56,11.6) 1.17(0.99, 1.38) 1.15(0.98, 1.36)

Male 225 37560 | 5.99(5.57,6.41) 86 9527 9.03(7.99,10.3) 1.51(1.18, 1.93)** 1.44(1.12, 1.85)**
Comorbidities®

No 570 82086 | 6.94(6.60,7.30) 149 18627 | 8.00(7.30,8.83) 1.15(0.96, 1.38) 1.13(0.95, 1.36)

Yes 264 23476 11.3(10.5,12.2) 116 7960 14.6(12.8,16.6) 1.29(1.04, 1.61)* 1.35(1.09, 1.69)**

Rate”, incidence rate, per 1,000 person-years; Crude HR, relative hazard ratio; Adjusted HR¥, multivariable analysis including age, sex, and comorbidities of diabetes,
CAD, depression, and chronic kidney disease;

$: Individuals with any comorbidity of diabetes, CAD, depression, and chronic kidney disease, obesity, and cancer were classified into the comorbidity group;
*p<0.05,

**p<0.01

https://doi.org/10.1371/journal.pone.0259942.t003

that the polymorphisms of the 5-hydroxytryptamine transporter and an inhibitory or excit-
atory imbalance of neurotransmission may be the reasons [19].

The association between depression and HZ has been reported by two population-based
studies [15, 20]. Choi et al. reported that HZ prevalence in patients with depression was signifi-
cantly higher than that in patients without depression (6.8% vs. 6.3%) [20], and Liao et al.
reported an HZ incidence of 4.58 per 1,000 person-years in patients with depression, but that of
only 3.54 per 1,000 person-years in those without depression. The incidence of HZ was 1.3-fold
higher in patients with depression than in those without depression [15]. Both studies have
reported that patients with depression had a higher risk to develop HZ. Furthermore, both stud-
ies have indicated that HZ risk was higher in middle-aged patients with depression [15, 20]. Zor-
rilla et al. found that depression was associated with reduced lymphocyte proliferative response
and a reduction of T-cell proportion [21]. Miller found that T cells played a role in depression
through a downregulation of inflammatory response. T cells might induce neuroprotective and
anti-inflammatory effects during stress and inflammation, a damaged T cell function might
result to the occurrence of depression [22]. Because varicella-zoster virus specific cellular immu-
nity markedly declined in depressed patients, the infection rate of HZ was higher [23].

Livengood et al. described that physical or psychologic stress stimulates neural, hormonal,
and behavioral activity designed to restore homeostasis. They considered that both pain and
stress cause changes in the perceptual and stress systems, resulting in the abnormal output pat-
terns of the body’s neuromatrix [24]. PFF and PFF-related syndromes, such as pain and
depression are believed to be powerful stressors. Therefore, HZ risk among patients with PFF
is high.

This retrospective study was performed using Taiwan’s NHIRD. However, this study has
several limitations. First, bias when diagnosing (either PFF or HZ) may exist between special-
ists and general practitioners. However, all diagnoses and results in the NHIRD are verified by
the NHI Administration, which is operated by the Taiwanese government, and all insurance
claims were reviewed by medical specialists. Therefore, the diagnosis codes are reliable.
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Table 4. Cox method estimated hazard ratios of herpes zoster associated plantar fascial fibromatosis and comorbidities.

Variables N Event (n) Adjusted HR' (95% CI) p-value#
Plantar fascial fibromatosis Diabetes 0.81
No No 17685 760 1(Reference)
No Yes 1231 74 1.09(0.85, 1.38)
Yes No 4422 240 1.24(1.07, 1.43)**
Yes Yes 307 25 1.38(0.93, 2.06)
Plantar fascial fibromatosis CAD 0.32
No No 16317 669 1(Reference)
No Yes 2599 165 1.12(0.94, 1.34)
Yes No 3887 188 1.16(0.99, 1.37)
Yes Yes 842 77 1.63(1.28, 2.08)***
Plantar fascial fibromatosis Depression 0.50
No No 17860 780 1(Reference)
No Yes 1056 54 1.25(0.95, 1.65)
Yes No 4408 246 1.24(1.08, 1.44)**
Yes Yes 321 19 1.46(0.92, 2.30)
Plantar fascial fibromatosis Chronic kidney disease 0.83
No No 18609 816 1(Reference)
No Yes 307 18 1.32(0.83,2.12)
Yes No 4666 260 1.24(1.08, 1.43)**
Yes Yes 63 5 1.47(0.61, 3.55)
Plantar fascial fibromatosis Obesity
No No 18605 826 1(Reference) 0.56
No Yes 311 8 0.71(0.35, 1.42)
Yes No 4526 257 1.24(1.08, 1.43)**
Yes Yes 203 8 1.15(0.57, 2.30)
Plantar fascial fibromatosis Cancer 0.69
No No 18359 805 1(Reference)
No Yes 557 29 1.21(0.83, 1.75)
Yes No 4594 257 1.25(1.09, 1.44)**
Yes Yes 135 8 1.26(0.63, 2.53)

T Model was adjusted for age and sex;

*p-value for interaction;

“p<0.01;
#**p < 0.001

https:/doi.org/10.1371/journal.pone.0259942.t004

Second, data on the severity of the disease were not available in the NHIRD. The severity of a
disease may influence the decision making regarding treatment and prognosis. Third, data on
lifestyle were also not available. Lifestyle, such as diet or exercise, may influence the immunity
of the human body. Smoking may also influence the occurrence of HZ [25]. Although there
are several limitations, using population-based data can avoid selection bias, and provide pow-
erful statistical outcomes.

Conclusion

Compared with individuals without PFF, patients with PFF, particularly those older and male
patients, had a higher HZ risk. Vaccination against HZ may thus be essential for patients with

PFF.
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Table 5. Postherpetic neuralgia and recurrence of herpes zoster, and estimated odds ratio by logistic regression

analysis.
Plantar fascial fibromatosis
No Yes
n/N n/N
Postherpetic neuralgia 87/834 40/265
Rate, % 10.4 15.1
cOR (95% CI) 1 (Reference) 1.22(0.90, 1.64)
aORs (95% CI) * 1 (Reference) 1.21(0.89, 1.64)
Recurrence of HZ 233/834 85/265
Rate, % 27.9 32.1
cOR (95% CI) 1 (Reference) 1.53(1.02, 2.28)*
aORs (95% CI) * 1 (Reference) 1.51(1.00, 2.27)*

*Adjusted for age, sex, and comorbidities of diabetes, CAD, depression, and chronic kidney disease
Abbreviations: cOR, crude odds ratio; aOR, adjusted odds ratio
*p<0.05

https://doi.org/10.1371/journal.pone.0259942.t1005
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