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Abstract

Objectives Exposures during early life may affect risk of
breast cancer. History of tonsillectomy has recently been
associated with risk of several cancers, including cancer of
the breast.

Methods We conducted a population-based case—control
study of women living in Western New York from 1986 to
1991. Cases had incident, primary, pathologically con-
firmed breast cancer and were recruited through all major
hospitals in the region (n = 740). Population-based con-
trols (n = 810) were randomly sampled from among
drivers’ license holders from Department of Motor Vehi-
cles records (<65 yrs) and from Health Care Finance
Administration records (>65 yrs). Participants were inter-
viewed with regard to diet, anthropometrics, demographics,
medical, and reproductive history. Unconditional logistic
regression models stratified by menopausal status were
used to estimate multivariate odds ratios (OR) and 95%
confidence intervals (95% CI).

Results A history of tonsillectomy was associated with
increased breast cancer risk among premenopausal (OR
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1.50, 95% CI: 1.08-2.08) but not postmenopausal women
(OR 1.05, 95% CI: 0.79-1.38).

Conclusions Our findings add to accumulating data
implicating tonsillectomy in risk of cancer. Tonsillectomy
may be an indicator for conditions of chronic inflammation
and/or reduced efficiency of immune function. Our study
also provides additional evidence that early life exposures
may affect premenopausal breast cancer risk.

Keywords Tonsillectomy - Breast cancer -
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Introduction

Many exposures during early life and childhood are believed
to affect breast cancer risk [1-6]. While such exposures as
age at menarche and at first birth have long been known as
risk factors for breast cancer, other exposures including
birthweight, pre-eclampsia during pregnancy, gestational
age, twin status, and perinatal exposures including maternal
age, birth order, and being breastfed may also affect risk
[1, 3]. There has been little research done regarding expo-
sures during childhood, though there is evidence that growth
during childhood may be associated with risk [4].
Tonsillectomy, a procedure that historically has been
performed primarily on children, has been examined in
relation to risk of several cancers. There is evidence that
history of tonsillectomy is associated with increased risk of
prostate cancer [7], leukemia [8, 9], and lymphoma [10]. In
a study of breast cancer, Yasui et al. found an association
of tonsillectomy after age 15 with risk [11]. For all of these
cancers, if tonsillectomy is indeed etiologically related to
cancer, it is not clear whether it is removal of the tonsils
which affects risk or whether tonsillectomy is a proxy for
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another etiologic agent. For example, tonsillectomy during
childhood and early adulthood may be a marker for clinical
and sub-clinical infection and inflammation during child-
hood [12-14]. Surgical indications and standard practices
have changed throughout the past century, making it more
difficult to connect tonsillectomy to underlying conditions.

Evidence that inflammation increases the risk of cancer
including breast cancer is accumulating [15]. Inflammation
is characterized by tissue damage and regeneration,
increased proliferation and vascularization. Inflammatory
processes may increase free radical damage, activate
oncogenes, and promote angiogenesis [16]. Anti-inflam-
matory drugs including nonsteroidal anti-inflammatory
drugs (NSAIDs) may protect against tumorigenesis at
several sites including breast cancer [17, 18]. We report
here on a case—control study of breast cancer in which we
examined the association of history of tonsillectomy with
risk of breast cancer.

Materials and methods
Subject selection

The Western New York Diet Study was a population-based
case—control study in Erie and Niagara counties. The study
has been described in detail [19, 20]. Briefly, between 1986
and 1991, incident, primary, pathologically confirmed
breast cancer cases were recruited through pathology
records of all major hospitals in Erie and Niagara counties.
After the patient was identified, her physician was con-
tacted for permission to interview. If permission was
granted, we obtained written informed consent from the
patient. We interviewed 66% (n = 301) of eligible pre-
menopausal cases and 54% (n = 439) of eligible
postmenopausal cases. The study was approved by the
institutional review board of the University at Buffalo and
of all the cooperating hospitals.

Population-based controls (n = 810) were randomly
sampled from among drivers’ license holders from
Department of Motor Vehicles records (<65 yrs) and from
Health Care Finance Administration records (>65 yrs). We
interviewed 62% (n = 316) of eligible premenopausal
controls and 44% (n = 494) of eligible postmenopausal
controls.

Data collection

The interview focused on dietary history, but data were
also collected regarding anthropometrics, demographics,
smoking, medical, and reproductive history. Included in the
medical history was a question regarding whether the
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participant had ever had a tonsillectomy. Trained inter-
viewers conducted in-person interviews in participants’
homes; interviewers were blinded to case control status and
study hypotheses. Interviews were limited to women who
were able to speak English and were well enough to be
interviewed.

Statistical analysis

We stratified all analyses by menopausal status. Women
were considered postmenopausal if they were >50 yrs of
age and had ceased menstruation. We additionally classi-
fied women as postmenopausal if they were <50 yrs of age
and did not have functioning ovaries (i.e., if they had
experienced natural menopause, bilateral oopherectomy, or
irradiation to the ovaries). The study was limited to Cau-
casian women.

We used r-tests and y* tests of independence to gauge
the statistical significance of the association, respectively,
of continuous and categorical variables to exposure and
disease. Unconditional logistic regression was used to
estimate multivariate-adjusted odds ratios (OR) and 95%
confidence intervals (95% CI). All reported p-values are
two-tailed. We adjusted multivariate analyses for known
risk factors for breast cancer including age (continuous),
years of education (continuous), family history of breast
cancer (yes/no), history of benign breast disease (yes/no),
body mass index (BMI; kg/m?) 2 years prior to interview
(continuous), age at menarche (continuous), and parity
(yes/no). We additionally adjusted for age at menopause
(continuous) and ever postmenopausal hormone use (yes/
no) for the analysis of risk of postmenopausal breast can-
cer. Allergy (e.g., self-reported asthma, food/medicine
allergies) and atopy (e.g., contact dermatitis, hives) had
negligible effect in multivariate models and were not
included in final multivariate models. To probe whether
secular changes in tonsillectomy affected breast cancer
risk, we further examined the association by birth decades.
The effect of nondifferential measurement error in self-
reported tonsillectomy status was evaluated using sensi-
tivity analysis outlined by Greenland [21].

Results

Selected characteristics of study participants, stratified by
tonsillectomy, menopausal status and breast cancer status,
are presented in Table 1. Among premenopausal cases and
controls, age, years of education, body mass index, and
history of benign breast disease were similar in those who
had a tonsillectomy versus those who had not. Premeno-
pausal controls who had a tonsillectomy were more likely
to have a family history of breast cancer than controls that
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Table 1 Descriptive characteristics of Western New York Diet Study participants, stratified by menopausal status
Cases Controls
n = 300 n =314
Tonsillectomy No tonsillectomy Tonsillectomy No tonsillectomy
n =169 n =131 n =141 n =173
Mean (SD) Mean (SD) p-Value Mean (SD) Mean (SD) p-Value
Premenopausal women
Age 45.75 (3.77) 45.84 (4.04) 0.84 46.36 (3.53) 45.92 (3.51) 0.28
Years of education 13.81 (2.76) 13.79 (2.81) 0.97 13.99 (2.71) 14.15 (2.66) 0.61
Body mass index 24.54 (5.12) 25.85 (6.31) 0.06 25.74 (5.05) 25.76 (5.38) 0.98
Age at menarche 12.48 (1.48) 12.62 (1.75) 0.47 12.76 (1.75) 12.79 (1.70) 0.87
Age at first pregnancy® 23.60 (4.68) 23.63 (5.18) 0.97 22.45 (4.01) 22.42 (3.92) 0.95
n (%) n (%) n (%) n (%)
Family history of breast cancer 0.62 0.02
No 149 (88.17) 113 (86.26) 126 (89.36) 166 (95.95)
Yes 20 (11.83) 18 (13.74) 15 (10.64) 7 (4.05)
History of benign breast disease 0.28 0.52
No 87 (51.79) 76 (58.02) 89 (63.57) 116 (67.05)
Yes 81 (48.21) 55 (41.98) 51 (36.43) 57 (32.95)
Consume alcohol 0.95 0.20
Never 8 (4.73) 6 (4.58) 7 (4.96) 4 (2.31)
Ever 161 (95.27) 125 (95.42) 134 (95.04) 169 (97.69)
Cases Controls
n = 436 n = 487
Tonsillectomy No tonsillectomy Tonsillectomy No tonsillectomy
n =220 n =216 n = 239 n =248
Mean (SD) Mean (SD) p-Value Mean (SD) Mean (SD) p-Value
Postmenopausal women
Age 61.98 (7.32) 63.70 (7.80) 0.02 63.03 (7.66) 64.05 (7.74) 0.15
Years of education 12.96 (2.93) 11.81 (2.60) <0.01 12.50 (2.52) 11.85 (2.62) <0.01
Body mass index 25.86 (5.10) 27.05 (5.84) 0.02 25.35 (5.08) 25.88 (5.32) 0.27
Age at menarche 12.65 (1.49) 12.98 (1.60) 0.03 12.89 (1.68) 12.84 (1.46) 0.73
Age at first pregnancy® 24.55 (4.64) 24.41 (4.95) 0.79 23.95 (4.38) 23.15 (4.68) 0.07
Age at menopause 46.61 (6.76) 47.67 (5.56) 0.08 45.90 (6.45) 46.94 (6.41) 0.08
n (%) n (%) n (%) n (%)
Family history of breast cancer 0.96 0.97
No 184 (83.64) 181 (83.80) 219 (91.53) 227 (91.53)
Yes 36 (16.36) 35 (16.20) 20 (8.37) 21 (8.47)
History of benign breast disease 0.13 0.75
No 157 (71.36) 167 (77.67) 192 (80.67) 202 (81.78)
Yes 63 (28.64) 48 (22.33) 46 (19.33) 45 (18.22)
Hormone replacement therapy 0.03 0.02
Never 145 (60.42) 174 (70.16) 144 (60.25) 174 (70.16)
Ever 95 (39.58) 74 (29.84) 95 (39.75) 74 (29.84)
Consume alcohol 0.54 0.96
Never 21 (9.55) 17 (7.87) 19 (7.95) 20 (8.06)
Ever 199 (90.45) 199 (92.13) 220 (92.05) 228 (91.94)

* Among parous women
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did not have a tonsillectomy (Table 1). Among postmen-
opausal cases and controls, those who had a tonsillectomy
were significantly younger, more educated, and more likely
to have used hormone replacement therapy than those who
had not. Postmenopausal cases who had a tonsillectomy
had a significantly lower body mass index than those who
had not had a tonsillectomy. No difference was observed
for body mass index among postmenopausal controls.
Family history of breast cancer did not vary by tonsillec-
tomy status among postmenopausal cases or controls
(Table 1).

Among premenopausal women, 56% of cases and 45%
of controls reported having had a tonsillectomy; among
postmenopausal women, case and control exposures to
tonsillectomy were similar (50 and 49%, respectively)
(Table 2). We observed a significant positive association of
breast cancer with history of tonsillectomy, which persisted
after multivariate adjustment, among premenopausal (OR
1.50, 95% CI: 1.08-2.08) but not among postmenopausal
women (OR 1.05, 95% CI: 0.79-1.38) (Table 2).

When the data were analyzed by decade of birth, con-
sistent with our findings of an association with
premenopausal disease, there was some indication that risk
was greatest for the youngest women (Table 3). We
observed a modest inverse association of tonsillectomy
with risk of breast cancer for those born in 1900-1920 (OR
0.77, 95% CI: 0.49-1.21), slightly elevated risks of breast
cancer for those born in 1921-1930 and 1931-1940 (OR
1.26, 95% CI: 0.84-1.89; OR 1.27, 95% CI: 0.84-1.91,
respectively), and a significantly elevated association of
tonsillectomy on breast cancer risk in women born in the
most recent birth cohort, 1941-1950 (OR 1.72, 95% CI.:
1.17-2.53) (p-trend = 0.02).

Discussion

In this study of women in Western New York, we found
that pre- but not postmenopausal women who had tonsil-
lectomies were at increased risk of breast cancer. There
was a trend observed by birth cohort, with the strongest
association observed in the youngest study participants.
There is very little previous work addressing this ques-
tion. Using data from a population-based case—control
study of postmenopausal breast cancer in Washington
State, Yasui et al. found that women who had a tonsillec-
tomy after age 15 were at 68% increased risk of breast
cancer, compared to women who had never had a tonsil-
lectomy (OR 1.68, 95% CI: 1.09-2.60); similarly, they also
found evidence that risk was increased among women who
had a tonsillectomy after menarche as compared to women
who had never had their tonsils removed (OR 1.47, 95%
CI: 0.98-2.20) [11]. No association was observed in
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women whose tonsillectomy was performed prior to men-
arche [11]. We did not have information regarding the age
at which tonsillectomy was performed. In a case—control
study of women 30-80 yrs, Lubin et al. observed an
increased risk of breast cancer diagnosed after 65 yrs with
prior tonsillectomy (OR 2.3, 95% CI: 1.3-3.9) [22]. No
increase in risk was observed in women diagnosed between
30 and 44 yrs, and a slight increase in risk was observed in
women diagnosed between 45 and 54 yrs (OR 1.2) [22].
The results observed by Yasui et al. and Lubin et al. differ
with our own findings of an association of tonsillectomy
with pre- but not postmenopausal breast cancer.

Few studies have investigated the association of tonsil-
lectomy with cancer at other sites. History of this
procedure has been found to be associated with increased
risk of Hodgkin’s disease, leukemia, and prostate cancer,
though results have been mixed [7, 9, 10, 23-25]. Liaw
et al. recently observed a 40% increased risk of Hodgkin’s
disease among a cohort of Swedish patients who had a
tonsillectomy in comparison to the general population (SIR
1.4) [10]. Vineis et al. observed in a case—control study a
nonsignificant twofold increased risk of lymphoblastic
leukemia with tonsillectomy at >10 yrs; no association was
found with ever having a tonsillectomy [9]. Tonsillectomy
was associated with a twofold risk of prostate cancer in a
prospective cohort of Harvard University students [7]. In a
more recent hospital-based case—control study in Serbia,
there was no association with cancer of the prostate [25].

If there is, in fact, an etiological connection of tonsil-
lectomy and cancer risk, there are several mechanisms
which might account for it. Tonsillectomy may be a proxy
measure for increased infection during childhood. Clinical
and subclinical infections could invoke a strong inflam-
matory response. There is evidence that inflammation may
increase risk [15, 16]. In particular for breast cancer risk,
prostanoid synthesis resulting from COX-2 activation is
correlated with estrogen synthesis and breast cell prolifer-
ation in vitro [26]. Alternatively, as the tonsils function to
produce lymphocytes, it is thought that they are involved in
immunologic defenses. Their removal may impair immune
surveillance [7, 9, 10, 27]. The rationale for the surgery
would certainly affect the likelihood of these hypothesized
mechanisms. The differences we observed across birth
decades may reflect changes in practice. While the tonsil-
lectomies of the study participants were likely in response
to childhood illness, there were changes in the acceptable
indication for these practices over time, and changes in
surgical method [12-14]. We do not have data for these
study participants on the age at which they had their tonsils
removed, the method by which the tonsils were removed,
nor the surgical indication. One possible explanation for
the difference in association that we observed for younger
women may relate to secular changes in indications for this
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Table 2 Odds ratios and 95% confidence intervals of tonsillectomy and breast cancer, stratified by menopausal status

Cases Controls Crude OR Age and education adjusted Multivariate adjusted®
(95% CI)* OR (95% CI) OR (95% CI)
n (%) n (%)
Premenopausal
Tonsillectomy
No 131 (43.67) 173 (55.10) 1.00 ref. 1.00 ref. 1.00 ref.
Yes 169 (56.33) 141 (44.90) 1.59 (1.16-2.19) 1.60 (1.16-2.20) 1.50 (1.08-2.08)
Postmenopausal
Tonsillectomy
No 216 (49.54) 248 (50.92) 1.00 ref. 1.00 ref. 1.00 ref.
Yes 220 (50.46) 239 (49.08) 1.06 (0.82-1.37) 1.03 (0.79-1.34) 1.05 (0.79-1.38)

% OR, odds ratio; 95% CI, 95% confidence interval

® Adjusted for adjusted for age, education, family history of breast cancer, benign breast disease, BMI, age at menarche, parity, age at
menopause (postmenopausal women), and hormone replacement therapy (postmenopausal women)

Table 3 Relationship of tonsillectomy with breast cancer by birth
decade

Birth decade Cases/controls OR (95% CI)Q"b
1900-1920 144/196 0.77 (0.49-1.21)
1921-1930 195/201 1.26 (0.84-1.89)
1931-1940 377/372 1.27 (0.84-1.91)
1941-1950 428/426 1.72 (1.17-2.53)

p-trend = 0.02

Referent group is no history of tonsillectomy within each decade of
birth

% OR, odds ratio; 95% CI, 95% confidence interval

° Adjusted for age and education

surgery. Another explanation may be that recurrent ton-
sillitis, a once-common surgical indication, may represent a
more intense inflammatory state in those women whose
childhood occurred after the introduction of antibiotics.
Alternatively, younger women might have better recall of
the surgery, but there is accumulating evidence that early
life exposures are more related to pre- than to postmeno-
pausal breast cancer [5, 6, 28].

Our study has a number of pertinent limitations related
to the selection of subjects and collection of information.
We were able to recruit 58% of eligible cases and 50% of
eligible controls. With such response rates, the distribution
of tonsillectomies in the case or control group could mis-
represent the distributions in the source populations. It is
possible that the resulting selection bias could by chance
produce spurious results. Tonsillectomy during childhood
has been positively correlated with social-economic status
(SES) [29]. However, we did not observe meaningful dif-
ferences in SES between cases and controls. As surgery
was likely during childhood, SES at the time of surgery
may be an important consideration. We did not collect SES

information for participants’ parents and we were unable to
assess it as a potential confounder.

In addition, participant tonsillectomy status may have
been misclassified. A reliability study which compared
self-reported tonsillectomy to a physical exam showed
76% sensitivity [30]. There is little reason to believe that
such misclassification would be differential (i.e., recall
bias) as cases and controls were not aware of tonsillectomy
as a study hypothesis; but it is possible. We observed no
evidence of blanket recall bias with cases over-reporting all
exposures. If premenopausal cases were more likely to
over-report tonsillectomy, it may result in an inflated point
estimate. Nondifferential misclassification of tonsillectomy
status would attenuate our results toward the null. We
performed a sensitivity analysis of our results assuming
76% sensitivity and 85% specificity of self-reported ton-
sillectomy among both cases and controls. Under this
assumption, the true OR for premenopausal women could
be as high as 2.15. The true OR for postmenopausal women
would not change substantially (1.09) at this level of
misclassification.

In conclusion, we observed a significantly increased risk
of breast cancer among pre- but not postmenopausal
women with a history of tonsillectomy. This finding adds to
evidence that exposures in childhood may impact the risk
of breast cancer, particularly among premenopausal
women. Further research investigating the role of tonsil-
lectomy in breast carcinogenesis is needed to confirm these
results and to elucidate potential mechanisms. In particular,
studies with data regarding tonsillectomy status, age and
menarche status at tonsillectomy, and indication for ton-
sillectomy are warranted.
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