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Obijectives: Scabies is a common and annoying disorder. Pernicious anemia (PA) is a serious
disease which, when untreated, leads to death. Mounting evidence suggests that immune-
mediated inflammatory processes play a role in the pathophysiology of both diseases. The
relationship between these two diseases has not been investigated. We conducted this study to
explore the potential relationship between scabies and PA.

Materials and methods: This nationwide, population-based study was conducted using
the National Health Insurance Research Database of Taiwan. In total, 5,407 patients with
scabies were identified as a study group and 20,089 matched patients were randomly selected
as a control group. We tracked patients in both groups for a 7-year period to identify the
incidence of PA. The demographic characteristics and comorbidities of the patients were
analyzed, and Cox proportional hazards regression was used to calculate the hazard ratios
for PA.

Results: Of the 25,496 patients in this study, 183 (0.7%) patients with newly diagnosed PA
were identified during the 7-year follow-up period; 71 of 5,407 (1.3%) from the scabies group
and 112 of 20,089 (0.6%) from the control group. Patients with scabies had a higher risk of
subsequent PA, with a crude hazard ratio of 2.368. After adjusting for covariates, the adjusted
hazard ratio was 1.51 (95% confidence interval: 1.09-2.08).

Conclusion: This study demonstrated an increased risk of PA (adjusted hazard ratio 1.51)
among patients with scabies. Immune-mediated inflammatory processes may contribute to this
association. Further studies are warranted to investigate the entire pathological mechanisms
between these two diseases. Physicians should pay attention to patients with history of scabies
presented with anemia. Further confirmative tests of PA may contribute to correct diagnosis
and initiation of vitamin B12 supplement.

Keywords: scabies, pernicious anemia, National Health Insurance Research Database, autoim-

mune gastritis, vitamin B12 deficiency, cobalamin

Introduction

Pernicious anemia (PA) is characterized by megaloblastic anemia caused by immune-
mediated chronic atrophic gastritis.! Parietal cell destruction and autoantibodies
against intrinsic factor result in malabsorption of vitamin B12, which is required
for DNA synthesis, and megaloblastic anemia follows. The clinical manifestations
of PA are nonspecific, but the presence of anti-intrinsic factor antibodies is highly
confirmatory. In patients older than 60 years, the estimated prevalence of PA was
1.9%, and it is believed that the condition is underdiagnosed.”? Immune-mediated
inflammatory processes play a crucial role in the pathophysiology of PA, and
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an increased risk of several kinds of cancers is noted in
patients with this condition. For example, a population-
based, case—control study of the US elderly population
revealed an increased risk of developing noncardia gas-
tric adenocarcinoma, gastric carcinoid tumors, tonsillar
cancer, hypopharyngeal cancer, esophageal squamous cell
carcinoma, small intestinal cancer, liver cancer, myeloma,
acute myeloid leukemia, and myelodysplastic syndrome in
patients with PA.?

Scabies is a common infectious disorder, with a preva-
lence ranging from 0.2% to 71.4% of the general population
in different countries, with the lowest prevalence in Iraq and
highest in Papua New Guinea.* The reported prevalence is
greater than 10% in most countries and most prevalent in the
Pacific and Latin American regions. Infestation by the mite
Sarcoptes scabiei var. hominis causes intractable pruritus,
and the disease burden is heavy.’ Scabies is more prevalent
in patients who live in crowded environments and those with
lower socioeconomic status. Children are infected most com-
monly with a peak occurring at 5-9 years. There are concerns
about the long-term impacts of scabies. Infection of scabies
will increase the risk of Streptococcus pyogenes infection,
and a higher risk of long-term chronic kidney disease (CKD)
was observed.® Infection induces host immune reactions and
systemic inflammatory processes are observed. Cytokine
alterations are noted in patients with scabies,”® especially
elevation of interleukin (IL)-17. Moreover, patients with
scabies have higher risks of chronic obstructive pulmonary
disease (COPD) and autoimmune diseases. Inmune-mediated
inflammatory cascades may contribute to the underpinning
pathophysiology.”'® Although systemic immune-mediated
inflammatory processes are part of the pathophysiology of
scabies, the whole picture of the long-term impact of scabies
remains largely unclear.

Some conditions are more prevalent in patients with
lower socioeconomic status, such as malnutrition, vitamin
deficiency, and parasite infection.!' Both scabies and
anemia are more common in this population. In addition,
immune-mediated inflammatory processes play a role in the
pathophysiologies of both scabies and PA. There is a possible
link between these two diseases. We, therefore, conducted a
nationwide population-based study to investigate the associa-
tion between scabies and PA.

Materials and methods
Database
This nationwide population-based cohort study was con-

ducted using the National Health Insurance Research Data-
base (NHIRD) of Taiwan. The National Health Insurance

(NHI) program is a unique public health and medical
insurance system, which covered 99.9% of the 23 million
residents of Taiwan as of the end of 2013.!21 Various types
of patient data, including demographic data, medical records,
prescription records, and details of medical procedures, are
recorded in the NHIRD. The Longitudinal Health Insurance
Database 2000 (LHID2000) is a sub-dataset of the NHIRD,
comprising data from one million people randomly selected
from the larger NHIRD in 2000, and this was used for the
analysis in our study.'

Study population

The patients included in the study population were chosen
from the LHID2000 between January 2000 and December
2013. The clinical diagnoses of the patients were based on
the International Classification of Diseases, 9th revision,
Clinical Modification (ICD-9-CM) system.'* The diagnoses
of scabies (ICD-9-CM: 133.0) and PA (ICD-9-CM: 281.0)
were determined by licensed doctors. Patients newly diag-
nosed with scabies between January 2001 and December
2006 were enrolled as the study group (Figure 1). In total,
7,288 patients with scabies were identified; the following
were excluded from the study: 1) patients who were diag-
nosed with scabies before January 1,2001 (n=33); 2) patients
with incomplete medical records (n=402); 3) patients who
were younger than 20 years (n=1,398); and 4) patients who
had a previous history of scabies or PA (n=48). Finally,
5,407 patients with scabies infection were enrolled as the
scabies group. The index year referred to the year the patient
was enrolled into the study. A matched cohort without sca-
bies was enrolled by randomly matching patients by gender,
age, insured region, and urbanization to the scabies group
with a ratio of 1:4. In total, 20,089 subjects were enrolled
in the non-scabies control group. Both cohorts were tracked
for a 7-year period. The primary outcome of the study was
to compare the incidence of PA in both groups. For each
subject, the occurrence of PA was recorded for 7 years from
the index year. In addition, we identified and analyzed the
impact of gender, age, income, geography, urbanization, and
comorbid diseases.

The study was approved by the Institutional Review
Board of the Tri-Service General Hospital (approval number:
TSGHIRB No B-105-06.). As this was a retrospective study
and all data were anonymized, the Institutional Review Board
committee agreed with the authors that it was not necessary
to obtain patient consent. The statistical methods and results
were reviewed by Chia-Lun Yeh, Institute of Bioinformatics
and System Biology, National Chiao Tung University,
Hsinchu, Taiwan.
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LHID2000
n=1,000,000

A

Subjects with scabies infection (2001-2006)
n=7,288

Exclusion criteria:

1. Subjects who diagnosed with scabies before January 1,
2001 (n=33)

2. Subjects with incomplete medical records (n=402)

3. Younger than 20 years (n=1,398)

4. Subjects who had previous history of scabies or
pernicious anemia (n=48)

Subjects with scabies, no pernicious anemia before index date
n=5,407

v
Matched cohort
Matched by gender, age, insured region, urbanization and income
with 1:4 ratio

4 y
Scabies (+) patients Scabies (-) patients
n=5,407 n=20,089
y v A Y
Pernicious Pernicious Pernicious Pernicious
anemia (+) anemia (-) anemia (+) anemia (-)

n=71 n=5,336 n=112 n=19,977

Figure | Flowchart of recruitment of subjects from the one-million random sample
of the National Health Insurance Research Database from 2000 to 2006 in Taiwan.
Notes: The exclusion criteria of the study is including (1) patients who were
diagnosed with scabies before January |, 2001 (n=33), (2) patients with missing
medical records (n=402), (3) patients who were younger than 20 years (n=1,398),
(4) patients with history of scabies or pernicious anemia (n=48).

Abbreviation: LHID, Longitudinal Health Insurance Database.

Covariates

The covariates of comorbidities that were selected in
this study comprised diabetes mellitus (DM; ICD-9-CM: 250),
hypertension (ICD-9-CM: 401-405), hyperlipidemia (ICD-
9-CM: 272.4), coronary heart disease (CHD; ICD-9-CM:
410-414), CKD (ICD-9-CM: 585, 586, 588), chronic liver
disease (ICD-9-CM: 571), cerebral vascular accident (ICD-
9-CM: 430-438), and COPD (ICD-9-CM: 496). Participants
were stratified by age into six groups of 10-year intervals:
20-29 years, 30-39 years, 40—49 years, 50-59 years,
60-69 years, and older than 70 years. Monthly income in
New Taiwan Dollars (NTD) was divided into four categories:
less than NTD 20,000; NTD 20,000 to NTD 39,999; NTD
40,000 to NTD 59,999; and more than NTD 60,000. The geo-
graphic areas of residency in Taiwan were divided into four
regions: the northern region, the central region, the southern
region, and “other regions” (ie, eastern and outlying islands).
Level of urbanization was classified into four groups.

Statistical analysis

SPSS software version 19.0 (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis, and Microsoft® SQL Server®
2008 software was used for data management. The chi-
square test was used to analyze descriptive data including
demographic characteristics, age, income, geography, level
ofurbanization, and comorbidities between the scabies group
and the non-scabies control group. Cox proportional hazards
regression models were used to estimate the effects of risk
factors on the hazard ratios (HRs) with accompanying 95%
confidence intervals (CIs). All models were adjusted for the
covariates (gender, age, income, geography, urbanization,
and comorbidities). A two-sided p<<0.05 was set as the
determinant of statistical significance.

Results

In total, 25,496 patients were enrolled in the study; 5,407 in
the scabies cohort and 20,089 in the non-scabies matched
control cohort. Table 1 shows the demographic and medical
characteristics of both groups. There were no differences
in the prevalence of scabies infection among the gender
or age groups. Most of the patients belonged to the lower
income group (p<<0.05) and were residents of northern
Taiwan (p<<0.001), which was the area with the highest
population density in Taiwan. Hypertension, COPD, cerebral
vascular accident, and DM were the most prevalent comor-
bidities. Patients with scabies had a higher prevalence of
comorbid diseases.

During the 7-year follow-up period, 183 (0.7%) patients
with newly diagnosed PA were identified — 71 of 5,407
(1.3%) from the scabies group and 112 of 20,089 (0.6%)
from the control group. The incidence rates of PA between
the scabies and control groups were significantly different.
Patients with scabies had a higher risk of subsequent PA, with
a crude HR of 2.368 (95% CI: 1.759-3.188). The Kaplan—
Meier survival curve for the cumulative incidences of PA of
both groups is presented in Figure 2. Further Cox regression
risk analysis was performed to analyze the risks of inde-
pendent factors and the results are summarized in Table 2.
Patients with scabies had an increased risk of subsequent
PA, with an adjusted HR of 1.51 (95% CI: 1.09-2.08). PA
was also prevalent in women and elders (adjusted HRs 0.53
for men and 2.22 for patients =70 years). The risk of PA
was not significantly different among patients with different
incomes, geographic residences, or levels of urbanization.
Higher risks of PA were observed in patients with DM, CKD,
and COPD (adjusted HRs: 1.6 for DM, 2.55 for CKD, and
1.57 for COPD).
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Table I Demographic data in both scabies and control groups

Variables Scabies Controls p-value
n (%) n (%)
5,407 (100%) 20,089 (100%)
Gender 0.777
Female 2,343 (43.3%) 8,662 (43.1%)
Male 3,064 (56.7%) 11,427 (56.9%)

Age 0633

20-29 829 (15.3%) 3,465 (17.2%)
30-39 657 (12.2%) 2,485 (12.4%)
4049 735 (13.6%) 2,776 (13.8%)
50-59 661 (122%) 2,451 (12.2%)
60-69 611 (11.3%) 2,267 (11.3%)
=70 1,914 (35.4%) 6,645 (33.1%)

Income group NTD? <0.05*
<20,000 4,504 (83.3%) 17,048 (84.9%)
20,000-39,999 564 (10.4%) 2,020 (10.1%)
40,000-59,999 257 (4.8%) 788 (3.9%)
=60,000 82 (1.5%) 233 (1.2%)

Geography <0.001*
North 2,169 (40.1%) 8,415 (41.9%)

Central 1,135 21%) 4,129 (20.6%)
South 1,868 (34.5%) 7,091 (35.3%)
Other 235 (4.3%) 454 (2.3%)

Urbanization 0.14

| (highest) 1,969 (36.4%) 7,533 (37.5%)
2 1,376 (25.4%) 5,110 (25.4%)
3 1,303 (24.1%) 4,853 (24.2%)
4 (lowest) 759 (14%) 2,593 (12.9%)
Comorbidity
DM 1,660 (30.7%) 3,550 (17.7%)  <0.001*
Hypertension 2,732 (50.5%) 6,839 (34%) <0.001*
Hyperlipidemia 1,333 (24.7%) 4,337 (21.6%)  <0.001*
CHD 1,533 (28.4%) 3,576 (17.8%)  <0.001*
CKD 635 (11.7%) 1,161 (5.8%) <0.001*
Chronic liver disease 1,326 (24.5%) 3,380 (16.8%)  <0.001*
Cerebral vascular accident 1,826 (33.8%) 2,755 (13.7%)  <0.001*
COPD 2,034 (37.6%) 3,338 (16.6%)  <0.001*

Note: *NTD refers to New Taiwan dollars, of which | US dollar =32 TWD, *»<0.05.
Abbreviations: CHD, coronary heart disease; CKD, chronic kidney disease;
COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus.

Discussion

Infection with scabies induces host immune reactions and
may increase the risk of subsequent autoimmune diseases.
Our study indicates an increased risk of subsequent PA in
patients with scabies. These patients have a 51% higher risk
of PA (adjusted HR: 1.51, 95% CI: 1.09-2.08) than patients
who have not had scabies.

PA results in vitamin B12 deficiency and may cause
anemia, neuropsychiatric impairment, and osteoporosis in
untreated patients.'® The long-term risk of gastric cancer is also
increased in patients with PA 37 Therefore, prompt diagnosis
of PA and supplementation with vitamin B12 is important.'6!®
The prevalence of PA is believed to be underestimated due

1.5%
Log rank, p<0.001
- Without scabies
_12%- _~+With scabies | = geeeeeeedd
S
]
K=
3 g 0.9%
%’ ©
g3
= O 0.6%
Qe
c
.
2
0.3% -
0.0% -

0 1 2 3 4 5 6 7
Follow up (years)

Figure 2 The Kaplan—Meier survival curve for the cumulative incidences of
pernicious anemia of both groups is presented (p<<0.001).

to its nonspecific symptoms and the fact that it is relatively
difficult to diagnose.!!® The prevalence of PA varies in
different races, ages, diagnostic tools, and countries. For
example, the overall prevalence was 1.9% in Carmel’s study,
but it was 4.3% among black women.? The incidence of PA
was 0.7% in the present study. Women and older adults have a
higher risk of PA, and our study revealed similar findings.>!*?

The clinical manifestations of PA are vague and nonspe-
cific. Many diseases will cause anemia, and supplementation
with iron or folate without investigation is common. PA is
easily neglected, and its diagnosis remains a challenge for
clinicians. The most important key for the correct diagnosis
of PA is clinical suspicion, followed by confirmative labora-
tory tests. There are several diagnostic modalities for PA, but
the convenience, sensitivity, specificity, and accessibility of
these are not ideal.?"-?> Histologically proven atrophic body
gastritis via endoscopy is valuable but invasive. Tests for
serum vitamin B12, methylmalonic acid, homocysteine, and
pepsinogen lack validation. Anti-parietal cell antibodies and
anti-intrinsic factor antibodies can be measured to diagnose
PA. Anti-parietal cell antibodies are noted in approximately
90% of patients with the condition, but are not specific to PA.
Anti-intrinsic factor antibodies are more specific, but testing
for them is less sensitive (~60%).> Therefore, diagnosis of
PA is complex, and underdiagnosis is common. According
to the findings of our study, a suspicion of PA should be
maintained in patients with scabies and coexisting anemia.
Further confirmative tests are warranted, and vitamin B12
supplementation is essential.
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Table 2 Independent predictors of risk factors of pernicious
anemia by Cox regression analysis in the 7-year follow-up period

Crude HR Adjusted HR
(95% CI) (95% CI)
Scabies 2.37 (1.76-3.19)* 1.51 (1.09-2.08)*
Gender
Female | |
Male 0.51 (0.38-0.69)* 0.53 (0.39-0.71)*
Age
20-29 | |
30-39 0.83 (0.3-2.29) 0.77 (0.28-2.13)
4049 1.61 (0.71-3.68) 1.16 (0.5-2.69)
50-59 2.39 (1.09-5.21)t 1.24 (0.55-2.82)
6069 3.64 (1.74-7.61)t 1.47 (0.66-3.27)
=70 5.83 3.05-11.12)* 222 (1.07-4.61)t
Income group NTD®
<20,000 | |

20,000-39,999

40,000-59,999

=60,000
Geography

North

Central

South

Other
Urbanization

I (highest)

2

3

4 (lowest)
Comorbidity disease

DM

Hypertension

Hyperlipidemia

CHD

CKD

Chronic liver disease

Cerebral vascular accident
COPD

0.49 (0.26-0.92)"
0.12 (0.02-0.86)"
0.4 (0.06-2.85)

[
122 (0.81-1.84)
151 (1.08-2.12)t
1.77 (0.81-3.87)

[

0.67 (0.43-1.02)
1.34 (0.94-1.9)
129 (0.84-1.99)

3.71 (2.78-4.96)¢
3.99 (2.91-5.49)¢
1.98 (1.46-2.67)}
3.05 (2.27-4.08)¢
5.44 (3.95-7.49)¢
1.66 (1.2-2.3)1
3.81 (2.85-5.1)F
349 (2.61-4.67)F

I (0.65-1.53)
1.08 (0.75-1.55)
115 (0.51-2.56)

0.65 (0.42-1.01)
111 (0.76-1.61)
0.86 (0.54-1.36)

[
1.05 (0.53-2.08)
0.33 (0.05-2.39)
0.97 (0.13-7.12)

1.6 (1.14-2.24)t
.28 (0.84-1.95)
1.07 (0.76-1.52)
1.09 (0.78-1.53)
2.55 (1.8-3.6)F
117 (0.83—1.65)
128 (0.9-1.82)
1.57 (1.12-2.19)t

Notes: *NTD refers to New Taiwan dollars, of which | US dollar =32 TWD;
p<<0.05 for comparison between patients with two groups, #H<0.00l for
comparison between patients with two groups.
Abbreviations: CHD, coronary heart disease; Cl, confidence interval; CKD,
chronic kidney disease; COPD, chronic obstructive pulmonary disease; DM, diabetes

mellitus; HR, hazard ratio.

PA is an autoimmune disease and is thought to be part of

polyglandular autoimmune syndrome type 2 (PAS 2), which
includes such disorders as autoimmune thyroid disease,
Addison’s disease, type 1 DM, and vitiligo. In patients with
PA, thyroid disease and DM are common comorbidities,
suggestive of the autoimmune polyendocrine syndrome.'
In the present study, patients with DM, CKD, and COPD
had higher risks of PA (Table 2, adjusted HR 1.6 for DM,
2.55 for CKD, and 1.57 for COPD). Immune-mediated
inflammatory processes are believed to play important roles

in the abovementioned three diseases. DM is a well-known
autoimmune disease, and IL-6 and IL-17 pathways are
involved in the pathophysiology of CKD.?*2¢ IL-17 alteration
is thought to be a crucial role in patients with COPD.° PA is
strictly regarded as an autoimmune disease.'” Autoantibodies
against the proton pump, gastric H*, K* ATPase, which
is highly expressed in parietal cells, are involved in the
immune mechanism of PA.?>?*?7 IL-21 and tumor necrosis
factor-alpha are highly expressed in animals with autoim-
mune gastritis.”® In patients being treated for hepatitis C
with interferon-alpha, PA can be induced.?**! Similarly,
immune-mediated inflammatory processes also play an
important role in scabies. Marked cytokine alterations have
been noted in scabies.”® In porcine models, IL-17-related
pathways may contribute to the immunopathology of crusted
scabies.” In human skin equivalents, multiple host—parasite
interactions were revealed.’? All of these findings support
the possible role of scabies in the immune-mediated nature
underpinning the pathophysiology of PA. However, the
entire mechanisms of immune-mediated diseases are com-
plex, and it is difficult to elucidate the influences of scabies
of these diseases. We found that patients with scabies had
a higher risk of subsequent PA, and immune-mediated
inflammatory processes may contribute to this relationship.
Further studies are warranted to investigate the association
and test this hypothesis.

Scabies can be treated with drugs including topical
permethrin, lindane, benzyl benzoate, and oral ivermectin.
However, lindane, a neurotoxin that interferes with gamma
aminobutyric acid neurotransmitter function, may cause
aplastic anemia.* Therefore, the World Health Organization
has not recommended lindane use since 1995, and lindane
is no longer available in the market. Hematological adverse
effects have not been reported for other drugs.

The strength of our study is the large study population.
In addition, the NHIRD covers approximately 99% of the
23 million residents of Taiwan, making the analysis broadly
representative. However, this study is subject to several
limitations. First, the causal relationship between scabies
and PA could not be identified directly due to its cross-
sectional design. Second, details of the laboratory tests are
not available in the NHIRD; therefore, a further compari-
son of laboratory data could not be undertaken; because of
this, the severity of anemia and related vitamin B12 and
autoantibody levels were unknown. Third, the NHIRD is
organized by the ICD-9-CM; therefore, some patients with
PA may have been classified as simply having anemia, and
the incidence of PA may have been underestimated. The fear
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of unmeasured/imperfectly measured confounders is also a
limitation of this study.

Conclusion

In conclusion, this nationwide population-based study pro-
vides evidence indicating a possible relationship between
scabies and PA. Specifically, patients with scabies had an
increased risk of subsequent PA, with an adjusted HR of 1.51.
Immune-mediated inflammatory processes may contribute to
this relationship. Further studies are warranted to investigate
the entire pathological mechanisms between these two dis-
eases. Physicians should pay attention to patients with history
of scabies presented with anemia. Further confirmative tests
of pernicious anemia may contribute to correct diagnosis and
initiation of vitamin B12 supplement.
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