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Abstract

Objectives—We hypothesized that tonsillectomy modifies the risk of Parkinson’s disease (PD)
and tested the hypothesis in a nationwide population-based cohort study.

Methods—We used Danish medical registries to construct a cohort of all patients in Denmark
with an operation code of tonsillectomy 1980-2010 (n= 195,169) and a matched age and sex
general population comparison cohort (n=975,845). Patients were followed until PD diagnosis,
death, censoring, or end of follow-up Nov 30t 2013. Using Cox regression, we computed hazard
ratios (HRs) for PD and corresponding 95% confidence intervals (CIs), adjusting for age and sex
by study design, and potential confounders.

Results—We identified 100 and 568 patients diagnosed with PD amongst the tonsillectomy and
general population comparison cohort, respectively, finding similar risks of PD [adjusted (a) HR =
0.95 (95% CI: 0.76-1.19); for > 20 years follow-up (aHR=0.96 (95% CI: 0.64-1.41)].

Conclusion—Tonsillectomy is not associated with risk of PD, especially early onset PD.
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Introduction

Methods

Parkinson’s Disease (PD) may be a prion-like disorder with inter-neuronal propagation of
aggregated a-synuclein.! In the transmissible prion disease, variant Creutzfeld Jakob disease
(vCJD), prions may initially infect the Peyer’s patches in the gut and tonsils.2 In fact, tonsil
biopsies are used to diagnose vCJD.3 From these lymphoid tissues, prions spread via
autonomic nerves to the dorsal motor nucleus of the vagus, sympathetic ganglia, and the
intermediolateral cell column in the spinal cord.# Thus, the spread of prions is reminiscent of
the spreading pattern hypothesized to occur in PD,% © which can affect similar neural
populations 7.

If lymphoid tissues of the tonsils may play a part in establishing or facilitating the
pathological conditions in PD including initial misfolding of a-synuclein, tonsillectomy
would potentially protect against PD. This possibility has not previously been studied. In
Danish patients, 90% with a hospital diagnosis of chronic tonsillitis had subsequent
tonsillectomy.8 The close relation between the immune system and the microbiome, which
may influence PD risk,® provides further justification for this study. We hypothesized that
tonsillectomy modifies the risk of PD and tested the hypothesis in a nationwide population-
based cohort study.

Denmark has universal tax-supported health care, including free access to hospital-based
care. All residents are assigned a unique personal identification number, registered in the
Danish Civil Registration System at birth or upon immigration, permitting unambiguous
linkage across registries. 10

We assembled a population-based Danish cohort of all patients with a surgical code for
tonsillectomy (see appendix) between January 1, 1980 and December 31, 2010. Patients
were identified from the Danish National Patient Registry (DNPR), 11 which has registered
all diagnoses (the International Classification of Diseases (ICD), Eight revision from 1977 to
1993, and Tenth Revision since 1994.12: 13 ) and procedures associated with inpatient
hospitalizations in Denmark since 1977 and all hospital outpatient clinic visits since 1995.

Using the Danish Civil Registration System, we assembled a matched general population
comparison cohort of individuals with no history of tonsillectomy prior to the tonsillectomy
date of the corresponding patient (the index date). 10 We randomly selected up to five
persons from the general population for each patient without replacement, matched on year
of birth, sex, and year of index date.

PD was identified based on first-time inpatient diagnoses (from 1980 on) or outpatient
hospital clinic diagnoses (from 1995 on) in the DNPR. We excluded patients with a PD
diagnosis prior to the index date, excluding all prevalent cases.

Little is known about risk factors for tonsillitis or tonsillectomy, except age and sex.8: 14 We
therefore chose known risk factors for PD, and used these for adjustment. In addition to age
and sex, these risk factors were previous head trauma, diabetes, smoking (using the correlate
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chronic pulmonary disease), and cardiovascular diseases.1® As there is an association
between tonsillectomy and increased risk of Crohn’s disease, 16 we also controlled for this,
despite a lack of a clear association with PD.17

We followed each cohort from the index date until emigration, death, November 30, 2013, or
PD diagnosis, whichever came first.

Statistical methods

Results

We characterized the tonsillectomy and general population comparison cohorts according to
sex, age group at index (0-14, 15-24, 25-34, 35+ years), year of index date, and potential
confounders.

We calculated incidence rates of PD per 10,000 person-years in the two cohorts. We used
Cox proportional hazards models to compute hazard ratios (HRs) and associated 95%
confidence intervals (Cls) for PD, comparing the tonsillectomy cohort and the general
population comparison cohort, adjusting for age and sex by study design, and then potential
confounders.

We stratified all analyses by sex. Time of follow-up was additionally stratified into 11-15
years, 16-20 years, and >20 years since tonsillectomy/index date.

We conducted three sensitivity analyses. In the first, we restricted case ascertainment of after
1995, the time when outpatient data were first available. In the second, we restricted the
analysis to persons born after 1967, to ensure close to complete assessment of the exposure,
and followed to early onset PD. In the third, we restricted the analyses to persons over 35
years at tonsillectomy. To assess possible misclassification due to left truncation of data, we
calculated the lifetime risk of tonsillectomy in all Danes born between 1977-1982 from birth
to 2012, giving the proportion with tonsillectomy prior to age 35 years. We then ran 5
iterations, randomly excluding this proportion in the comparison cohort. In both, we
examined the association > 10 years after the index date (>10 years follow-up).

We assessed potential unmeasured confounding of smoking by external adjustment. 18 We
assumed that the relative risk of PD in smokers is 0.53, 19 and that the proportion of smokers
was respectively 0.50 and 0.55 in the unexposed cohort and tonsillectomy cohort. 20

The study was approved by the Danish Data Protection Agency (Record Nr. 1-16-02-1-08).
As this registry-based study did not involve patient contact, no separate permission from the
Danish Scientific Ethics Committee was required, according to Danish legislation.

Between 1980 and 2010, 195,169 individuals were registered in the DNPR with an operation
code for tonsillectomy (Table 1). On the index date, in the two cohorts, the median age was
17 years, 11% of were older than 35 years, and 56% were female, and the variables
considered as potential confounders did not differ in prevalence (Table 1).
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Overall, we identified 100 persons with PD among the patients with tonsillectomy
(incidence rate 0.27 per 10,000 person years at risk), and 568 persons with PD among
matched members of the general population comparison cohort (incidence rate: 0.31 per
10,000 person-years at risk). This corresponded to a similar risk of PD [adjusted (a) HR =
0.95 (95% CI: 0.76-1.19)]. None of the adjustments for potential confounders accounted for
the observed associations (Table 2); the HR remained virtually unchanged. The median age
of PD diagnosis was 64 (IQR 53-73) years in the tonsillectomy cohort and 67 (IQR 55-76)
years in the general population cohort (p=0.09). The initial PD diagnosis was made in an
inpatient setting for 44% of the tonsillectomy cohort and 36% for the comparison cohort.
The median age at censoring for those not diagnosed with PD during follow-up was 37 years
(IQR 27-46 years)(see supplemental figure).

The results were similar when restricting on follow-up time exceeding 20 years [aHR= 0.96
(95% CI: 0.64-1.41]. No sex differences were observed (men [aHR=0.93 (95% ClI: 0.69-
1.24)], women [aHR=1.00 (95% CI: 0.72-1.41)].

The first sensitivity analysis showed consistent results with the overall analysis.

In the second sensitivity analysis, restricting to patients born after 1967, there were 9 PD
diagnoses in the tonsillectomy cohort (incidence rate 0.03 per 10 000 person-years at risk),
and 43 PD diagnosis in the comparison cohort (incidence rate 0.03 per 10 000 person years
at risk), yielding a crude HR of 1.07 (95%CI 0.52-2.12) (no further adjustment possible).

In the third sensitivity analyses, restricting on tonsillectomy >35 years of age, there were 71
PD diagnoses in tonsillectomy cohort (median age of diagnosis 70 (IQR 62-77)), and 422
PD diagnosis in the comparison cohort (median age of diagnosis 72 (IQR 65-79)) (median
age, p=0.08). This yielded an aHR = 0.94 (95% CI 0.72-1.22); follow-up > 10 years:
aHR=1.03 (95% CI: 0.73-1.47). 9% of all persons under age 35 had a tonsillectomy.
Running 5 iterations, excluding a random 9% of the comparison cohort yielded aHR overall
ranging from 0.92-0.97 ; >10 years follow-up ranging from 0.99-1.11.

The RR externally adjusted for unmeasured confounding by smoking was 0.91.

Discussion

Tonsillectomy was not associated with risk of PD in this nationwide prospective cohort
study. Results were consistent in stratified analyses and in the sensitivity analyses. Of note,
we did we did follow over 20 000 persons who had undergone tonsillectomy over the age of
35, and their corresponding 103 000 matched comparison subjects for a median 15 years.
Findings thus fail to support the hypothesis that tonsillectomy reduces risk of PD, especially
early onset PD.

The study has several limitations. Although the study included up to 34 years of follow-up,
the study population was relatively young, and many have not reached the age of full
susceptibility for PD. Another concern is incomplete ascertainment of tonsillectomies,
particularly for persons aged over 45 years, who might have undergone tonsillectomy prior
to establishment of the DNPR in 1977. We estimated that 9% of the population had a
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tonsillectomy before age 35 years. We assumed that this was constant over time, and ran
several iterations randomly excluding 9% of the comparison cohort. This did not noteworthy
change the estimates. The validity of registry diagnoses for tonsillectomy is not known, but
surgical procedure codes in general have high validity.2! Finally, confounding by measured
comorbid disease was minimized, but we cannot exclude the possibility of residual
confounding by unmeasured factors. We aimed to assess unmeasured confounding of
smoking by external adjustment, and the estimates were consistent. Of note the assumptions
of external adjustment are based on qualified estimates at best.

Study strengths include its large sample size and nationwide population-based design,
conducted in a setting in which comprehensive long-term follow-up reduce the potential for
selection bias. Even though the validity of the PD diagnosis in registries is high (positive
predictive value of 82%, comparing the DNPR with medical records)?2 this study may have
missed some PD patients with early disease, as initial treatment may not be provided in a
hospital-setting. Such potential misclassification would tend to bias associations toward the
null, as it would apply equally to the tonsillectomy and general population cohorts.

The absence of a protective effect of tonsillectomy in this study does not rule out that the
tonsils may be involved in PD pathogenesis. Further studies on this association are
warranted, including epidemiological studies with more complete ascertainment of the
tonsillectomy exposure. Recently, it was hypothesized that lymphoid tissue of the appendix
could be an initiation point of a-synuclein aggregation23, but appendectomy was associated
with a slightly increased risk of subsequent PD rather than decreased risk. 24 25 It is possible
that the preceding inflammation predisposes to a-synuclein aggregation in the mucosa,
followed by a secondary prion-like spreading of pathology, irrespective of subsequent
appendectomy. The putative importance of lymphoid tissue in PD pathogenesis — be it in
the tonsils, Peyer’s patches or appendix — could be explored in tissue specimens obtained
from diagnosed or prodromal PD patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Characteristics of 195,169 patients with tonsillectomy, and 975,845 general population comparison cohort
members, Denmark 1980-2010

Tonsillectomy cohort  Matched comparison cohort

N % N %

Sex

Female 109,525 56 547,625 56

Male 85,644 44 428,220 44
Age

0-14 years 77,657 40 389,390 40

15-24 years 67,783 35 337,948 35

25-34 years 29,121 15 145,417 15

35+ years 20,608 11 103,090 11
Index date

1980-1989 67,693 35 338,465 35

1990-1999 68,222 35 341,110 35

2000-2010 59,254 30 296,270 30
Diabetes

No 194,437 99 971,830 99

Yes 732 0.4 4,015 0.4
Chronic pulmonary disease

No 189,820 97 956,721 98

Yes 5,349 3 19,124 2

Any previous cardiovascular disease
No 194,101 99 970,871 99
Yes 1,068 1 4,974 1
Head trauma
No 186,857 96 943,606 97
Yes 8,312 4 32,239 3
Crohn’s disease
No 195,015 100 975,111 100
Yes 154 0.1 734 0.1
Ulcerative colitis
No 194,903 100 974,562 100
Yes 266 0.1 1,283 0.1
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