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Abstract

Objective. Both tonsillar hypertrophy and obesity contribute
to pediatric sleep-disordered breathing (SDB). Tonsillectomy
addresses anatomical obstruction causing SDB; however, it may
adversely affect the obesity profile postoperatively. Herein, we
investigate posttonsillectomy body mass index (BMI) changes in
pediatric patients.

Study Design. Retrospective case series.

Setting. Tertiary, pediatric urban academic center.

Methods. All patients undergoing tonsillectomy from January
1, 2016, to December 31, 2016, were included. Patients’
age, sex, surgical indication, and preoperative BMI were
recorded. Postoperative BMI data were collected between
March 1, 2016, and December 31, 2017. Statistical analysis
was performed using a generalized regression model, using
BMI percentile-for-age weight status.

Results. A total of 1153 patients were included (50% female),
with age ranging from 2.0 to 19.5 years (mean [SD], 7.6
[4.0]). The majority (87.8%) had tonsillectomy for SDB. Of
the cohort, 560 (48.6%) had available follow-up BMI data.
The BMI percentile on the day of the surgery had a median
of 65.8, and the BMI percentile on follow-up had a median
of 76.4. The median time to follow-up was 197 days with a
range of 50 to 605 days. Higher postoperative BMI percen-
tile strongly correlated to higher preoperative BMI percen-
tile (P \ .001), as well as younger age (P \ .001), male sex
(P = .0005), and SDB as a surgical indication (P = .003).

Conclusion. We observed a significant increase in BMI per-
centile following tonsillectomy, which accounted for a signifi-
cantly higher proportion of the cohort being classified as
overweight or obese postoperatively. These findings necessi-
tate greater preoperative counseling, closer follow-up, and
adjunctive measures for obesity management in pediatric
patients undergoing tonsillectomy.
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A
lthough the overall number of tonsillectomy proce-

dures has declined over the past 2 decades with a

paradigm shift in surgical indications from recurrent

tonsillitis (RT) to sleep-disordered breathing (SDB), it is still

one of the most frequently performed pediatric surgeries

worldwide.1,2 With an estimated prevalence of 1% to 5% in

pediatric patients, SDB represents a growing health concern

in tandem with the childhood obesity epidemic in the United

States.3 It is known that tonsillar hypertrophy and obesity are

major determinants of SDB in children and that these 2 factors

share a close association as increased adiposity in the upper

airway leads to increased opportunity for collapse.4 Because

of an ever-expanding body of literature implicating untreated

SDB in a host of downstream morbidities ranging from beha-

vioral problems and cognitive impairment to cardiometabolic

disease in adults, tonsillectomy is still frequently performed

as the first-line surgical treatment for SDB in the pediatric

population.5-8

Previous studies examining the relationship between ton-

sillectomy and subsequent weight gain have produced mixed

results, many with relatively small cohorts of patients. Some

studies have shown no significant changes in body mass index

(BMI) associated with surgical intervention,9 while others

reported meaningful weight gain after tonsillectomy,10,11
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including a systemic review by Jeyakumar et al.12 Several

potential mechanisms for the observed acceleration in growth

have been proposed, including increased secretion of growth

hormone and catecholamines after resolution of SDB,

decreased work of breathing leading to decreased net caloric

expenditure, and altered appetite and caloric intake.13-15

Nonetheless, the effect of tonsillectomy and the underlying

mechanisms behind clinically reported weight changes are

poorly characterized. The purpose of the current study is to

retrospectively observe a large cohort of pediatric patients fol-

lowing tonsillectomy, document changes in BMI, and investi-

gate demographic and clinical factors associated with

significant postoperative weight gain and propensity for the

development of obesity.

Materials and Methods
Inclusion Criteria

After obtaining institutional review board (IRB) approval

from the University of California, San Diego and Rady

Children’s Hospital San Diego, we retrospectively identified

children who underwent tonsillectomy with or without

adenoidectomy at our tertiary academic pediatric hospital

between January 1, 2016, and December 31, 2016. The

follow-up period was defined as March 1, 2016, to December

31, 2017. Surgical indications included recurrent tonsillitis or

the clinical diagnosis of SDB as characterized by obstructive

abnormalities of the respiratory pattern or the adequacy of

oxygenation/ventilation during sleep, which include snoring,

mouth breathing, and pauses in breathing as reported by care-

givers.2 Those patients who had the diagnosis of obstructive

sleep apnea (OSA) based on preoperative polysomnography

(PSG) were also included in the broader definition of the SDB

group. Tonsillectomies were performed with either monopo-

lar cautery or wire snares with bipolar cautery used for hemos-

tasis. We included patients between the age of 2 and 20 years

in this study to analyze BMI change using the Centers for

Disease Control and Prevention (CDC) BMI-for-age growth

charts, which are used to assess growth in the United States

among children and teenagers aged 2 to 20 years.16 We

excluded syndromic patients as well as those without com-

plete weight or height data. Data collected from the electronic

medical records included demographic information, surgical

indications, and anthropometric measurements. We recorded

patients’ BMI at the time of the surgery and any available

anthropometric measurements within the electronic medical

record system recorded during the follow-up period to obtain

postoperative BMI data. The BMI was also recorded as per-

centiles according to the CDC growth chart.

BMI and Weight Classifications

Anthropometric measurements including height, weight, and

BMI were collected at the time of the surgery. In our practice,

we did not schedule routine follow-up appointment following

tonsillectomy surgery. Families were instructed to observe the

child after the 2-week recovery period for snoring or sleep-

disordered breathing symptoms. If these symptoms did not

resolve completely, they were instructed to contact the ear,

nose, and throat (ENT) office for follow-up. All patients with

preoperative PSG who demonstrated severe OSA were sched-

uled to undergo repeat PSG. The subsequent height and

weight measurements were taken from available data

recorded in the electronic medical record system whenever

patients had any clinical encounter with any provider in the

medical system during the postoperative period ending in

December 31, 2017. If patients had more than 1 weight and

height recording, the one closest to the surgery date beyond

the 30-day postoperative period was used. BMI, a commonly

accepted index for classifying adiposity in children and ado-

lescents, is calculated as body weight in kilograms divided by

height in meters squared.17 Since BMI is both sex specific and

age specific, obesity is calculated based on the CDC recom-

mended cutoffs. Weight status is defined by the following:

underweight (\5th percentile), healthy weight (5th to \85th

percentile), overweight (85th to \95th percentile), obese

(95th to \99th percentile), and morbidly obese (�99th

percentile).

Statistical Analysis

Baseline demographic and clinical characteristics were com-

pared using Pearson’s x2 and bivariate fit analysis for catego-

rical and continuous variables, respectively. Baseline

characteristics between patients with and without follow-up

data were compared to demonstrate minimal selection bias.

The primary outcome of interest was postoperative BMI per-

centile at follow-up. We studied the effect of SDB, age, sex,

and the procedure on the postoperative BMI percentile distri-

bution. A model is fit to explain (or predict) the BMI at

follow-up (FU). The BMI on day of the surgery (DOS) enters

the model as a covariate, together with SDB, age, and sex. The

distribution of BMI is expressed by its percentiles. Therefore, it

ranges from zero to 1. A generalized linear model is fit, and the

model demands the specification of a distribution for the

response and a link function. The b-distribution was chosen,

together with the link logit, which are the standard choices for

this type of response. JMP Version 14 (SAS Institute) was used

to analyze the data, with 2-sided P values less than .05 consid-

ered statistically significant.

Results

During the study period, 1153 patients who underwent tonsil-

lectomy with or without adenoidectomy were included in the

analysis (Figure 1). The age range was from 2.0 to 19.5

years, with mean age of 7.6 6 4.0 years and an equal distribu-

tion of males (577) and females (576). In this cohort, 995

patients had tonsillectomy with adenoidectomy, and 158 had

tonsillectomy only without adenoidectomy. The majority of

the patients (1012) underwent surgery due to SDB (87.8%),

and 141 patients (12.2%) had the procedure done for the diag-

nosis of RT.

The RT population was significantly older compared to the

children who underwent surgery for SDB and had more

female patients (Table 1). Also, the BMI profile of the 2

groups was significantly different, with the RT group repre-

sentative of the general population, with most of the children
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in the normal weight range (67.4%) and a small percentage of

the group being either obese (7.8%) or morbidly obese

(2.8%). The SDB group BMI profile was shifted toward more

obese (14.7%) or morbidly obese (7.6%) children.

Of 1153 total patients, 560 patients (48.6%) had follow-up

anthropometric measurements, and 593 patients (51.4%) did

not. Of the patients with follow-up data, 497 had tonsillect-

omy with adenoidectomy, and 63 had tonsillectomy only

without adenoidectomy. Of these, 35 patients had tonsillect-

omy only for recurrent tonsillitis. We compared baseline char-

acteristics of those with and without BMI follow-up data

postoperatively. There was no significant difference between

the 2 groups with regards to sex (P = .42), indication for sur-

gery (SDB vs RT) (P = .92), or baseline BMI (P = .06). The

group with available follow-up BMI data had a mean age of

7.4 6 3.9 years, which was slightly younger when compared

to the group without follow-up data, which had a mean age of

7.9 6 4.1 years (P = .02). However, this small age difference

of 0.5 years was not considered clinically significant.

For the cohort of 560 patients who had follow-up BMI

data, the BMI percentile on the day of the surgery had a

median of 65.8, while the BMI percentile at follow-up had a

median of 76.4 with a range of 0 to 100 for both. The median

time from the surgery to the subsequent BMI recording was

197 days with a range of 50 to 605 days. The weight class

comparison between day of surgery and follow-up is demon-

strated in Table 2. Patients with SDB had the general trend of

increased subsequent weight class distribution when com-

pared to tonsillitis patients postoperatively.

We performed a generalized regression model for follow-

up BMI, adjusting it to initial BMI on the date of surgery, age,

sex, and surgical indications (SDB vs RT). The generalized

R2 was 0.77. The b-distribution with the link logit was used

on the generalized regression model. We found that all the

factors, including age, sex, and surgical indications, were sta-

tistically significant, showing that the BMI on the day of the

surgery was strongly predictive of the postoperative BMI per-

centile (P \ .001) (Figure 2). Most patients had weight gain

after surgery (BMI delta .0). Given that the BMI% for age

distribution is nonlinear, as the preoperative BMI percentile

increases, a smaller but nonetheless positive BMI delta was

observed. Figure 3 demonstrates the relationship between

BMI percentile at follow-up and BMI percentile on day of sur-

gery in detail with the individual patient factors. It shows that

younger children (top lines) compared to older patients had

higher BMI at follow-up (P \ .001) (Figure 3A). Males had

a higher postoperative BMI percentile than females (P \
.001) (Figure 3B), as did patients who had surgery due to

SDB when compared to RT (P = .003) (Figure 3C).

Discussion

The effect of tonsillectomy on pediatric weight gain has been

characterized to a limited extent in the current literature with

conflicting results in the short-term postoperative period. Our

study demonstrates that tonsillectomy is associated with sig-

nificant postoperative weight gain in almost all children at our

tertiary academic institution, with particularly increased risk

in the younger, male, SDB, and preoperatively obese pediatric

population.

Prior observational studies have been conducted in an

effort to understand associations between tonsillectomy and

weight gain. A study by Smith et al. comparing pediatric

patients with OSA to patients with RT found that the BMI z

score increased following tonsillectomy, with no difference

by surgical indications, while younger age was the only sig-

nificant predictor of weight gain.18 Furthermore, Levi et al10

reported similar findings that younger children in particular

had a higher propensity for weight gain after tonsillectomy

but found that the odds of an overweight or obese classifica-

tion were similar before and after undergoing tonsillectomy.

In older studies examining pediatric patients with OSA, it was

found that increases in body weight status tended to happen in

patients who were underweight, while those who were over-

weight/obese tended to remain in the same categories.19 Our

findings are consistent with prior reports in that we also

demonstrated younger patients having a more significant BMI

increase (Figure 3) and that patients on the lower end of the

preoperative BMI spectrum had a higher BMI increase

(Figure 2). However, unlike the aforementioned studies, we

found that even overweight/obese patients on the higher end

of the preoperative BMI spectrum were also observed to have

significant weight gain, a finding mirrored by Soultan et al.20

The fact that preoperative BMI is highly predicative of BMI

at follow-up is consistent with obesity research demonstrating

that heavier individuals on the BMI distribution gain more

weight than lighter individuals over time.21 Our study also

demonstrated correlations between weight gain and age, sex,

and surgical indication in a single cohort.

In this current cohort, children with SDB had a higher pro-

pensity for obesity at the time of surgery as compared to chil-

dren undergoing tonsillectomy for RT, which is consistent

with our previously reported findings.22 This gap in propor-

tions of obese patients by surgical indication appears to

CPT Search for
Tonsillectomy patients

(1/1/2016 - 12/31/2016)
< 2yrs, > 20 yrs
No weight/height data
Syndromic

560 patients with
follow-up BMI data
(cohort analyzed)

1153 patients
identified

593 patients without
follow-up BMI data

491 patients
SDB

69 patients
Tonsillitis

521 patients
SDB

72 patients
Tonsillitis

Excluded

Figure 1. Inclusion criteria and patient selection algorithm. BMI:
body mass index; CPT, Current Procedural Terminology; SDB, sleep-dis-
ordered breathing.
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increase with time following surgery (Table 2). Existing

research has not identified a causal relationship between ton-

sillectomy and weight gain in this subgroup, but in this obser-

vational study, we report a significant association between

weight gain and the surgical indication of SDB. The underly-

ing pathophysiology of the postoperative weight gain has

been hypothesized but not yet elucidated. Systemic inflamma-

tion and increased circulating inflammatory factors are

thought to be a component of OSA and SDB with the theory

that correcting these imbalances with tonsillectomy may

improve the overall health of the child.23-25 However, our

data show that simply correcting the SDB may not reverse or

correct the growth trajectory in obese children and may even

accelerate it. Furthermore, the pervasiveness of residual OSA/

SDB after surgical treatment has been reported as high as

72.8% in the literature.26 In our practice, Lee et al27 previ-

ously reported an overall rate of 53% complete resolution of

OSA following tonsillectomy in obese patients, and 18% of

Table 2. Comparison of Weight Class on the Day of Surgery (DOS) and at Follow-up in Patients With Sleep-Disordered Breathing (SDB) and
Tonsillitis.a

Weight Class (DOS), No. (%)

Weight class at follow-up Underweight Normal Overweight Obese Morbidly obese

SDB (n = 491)

Underweight 8 (1.6) 3 (0.6) 0 0 0

Normal 25 (5.1) 232 (47.3) 2 (0.4) 0 0

Overweight 3 (0.6) 45 (9.2) 24 (4.9) 0 0

Obese 0 17 (3.5) 29 (5.9) 47 (9.6) 1 (0.2)

Morbidly obese 0 2 (0.4) 1 (0.2) 10 (2.0) 42 (8.6)

Tonsillitis (n = 69)

Underweight 3 (4.3) 1 (1.4) 0 0 0

Normal 0 43 (62.3) 4 (5.8) 0 0

Overweight 0 0 7 (10.1) 3 (4.3) 0

Obese 0 0 0 5 (7.2) 0

Morbidly obese 0 0 0 1 (1.4) 2 (2.9)

aBold values indicate an increase in weight class category at follow-up compared to DOS.

Table 1. Demographic Data and Physical Characteristics of the Cohort on the Day of Surgery.

Surgical indications Sleep-disordered breathing Tonsillitis P value

Total No. (%) 1012 (87.8) 141 (12.2)

Age, mean 6 SD, y 7.07 6 3.45 11.92 6 4.81 \.001

Sex, No. (%)

Male 530 (52.4) 47 (33.3) \.001

Female 482 (47.6) 94 (66.7)

Preoperative BMI/weight class (percentile), No. (%)

Underweight (\5%) 68 (6.7) 6 (4.3) \.001

Normal weight (5%-84.9%) 583 (57.6) 95 (67.4)

Overweight (85%-94.9%) 135 (13.3) 25 (17.7)

Obese (95%-98.9%) 149 (14.7) 11 (7.8)

Morbidly obese (.99%) 77 (7.6) 4 (2.8)

Abbreviation: BMI, body mass index.

Figure 2. Body mass index (BMI) percentile on the day of the surgery
(DOS) strongly predicts postoperative BMI percentile (P\.001). BMI
DELTA = BMI% at follow-up – BMI% on day of the surgery.
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the patients required additional intervention for their residual

OSA in the form of nighttime airway support. The postopera-

tive weight gain may contribute at least partially to the incom-

plete resolution of SDB and remains an important issue to be

addressed in understanding the risk factors that predispose

children to persistent SDB following surgery.

Given the morbidity of SDB and a host of downstream

associated complications, tonsillectomy will likely remain

the first-line surgical treatment for children in the foresee-

able future. However, physicians need to be cognizant of the

long-term implications of weight gain observed after surgery

and be aware of such adverse impacts on children’s long-

term health. Current standard-of-care practice does not dic-

tate routine follow-up for most pediatric patients following

tonsillectomy, except in high-risk patients such as those with

documented severe OSA prior to surgery who require post-

operative sleep studies.28 Clinicians need to be aware of the

propensity for postoperative weight gain in patients with

SDB undergoing tonsillectomy and provide the appropriate

counseling for patients and their families when reviewing

surgical risks and benefits. For children with mild OSA,

family-centered obesity treatment has been shown to

improve and normalize the apnea-hypopnea index (AHI)

without surgical intervention.29 In light of the potential post-

operative weight gain, weight management may provide a

better overall health outcome in these patients when com-

pared to surgical treatment. Furthermore, we should consider

implementing follow-up in all patients 6 to 12 months post-

operatively to identify those with worsening obesity and/or

clinical signs and symptoms of recurrent/residual SDB. Last,

given the prevalence of both SDB and obesity, we propose

that the treatment of pediatric OSA/SDB should be

approached in a broader multidisciplinary fashion similar to

cleft and craniofacial clinics or aerodigestive teams. In order

to achieve better long-term outcomes, multidisciplinary care

should be provided to most children with sleep disorders rather

than only those with genetic syndromes, complex comorbid-

ities, or those who have failed surgical treatment. The team

should involve otolaryngologists, pulmonologists, nutritionists,

nurses, and social workers with appropriate counseling on

healthy lifestyle changes and weight management before and

after surgery.

Limitations to this study include some component of selec-

tion bias for patients with available follow-up data due to the

retrospective nature of the study design. This bias was likely

insignificant as a preliminary analysis demonstrated no signif-

icant differences in baseline variables investigated as poten-

tial predictors between those with and without available

follow-up BMI data. We also do not have a ‘‘normal control’’

group where children with the same obesity profile were fol-

lowed over time who did not undergo tonsillectomy. Second,

our study characterized postoperative BMI changes within a

relatively short-term follow-up period, and thus long-term

effects of tonsillectomy on patients’ weight status cannot be

derived from this study. There is variability in the measure-

ments of height and weight among the various clinics; there-

fore, comparisons made between patients may not be

consistent over the entire follow-up period. Due to the retro-

spective nature of the study design, the follow-up intervals

range widely, making the BMI analysis less precise.

However, Gerserick et al30 demonstrated that greatest accel-

eration of BMI tends to occur very early in childhood, and the

risk of obesity remains stable during school years and adoles-

cence. Although the CDC growth charts are widely used clini-

cally to classify childhood obesity, both BMI percentile and

BMI z score tend to be compressed at the extreme end of

morbid obesity and may be weak predictors for tracking obe-

sity over time.31 Third, given the setting of a tertiary pediatric

referral center, children in this cohort may be at higher risk of

developing obesity due to other comorbidities or socioeco-

nomic factors that were not accounted for in this study. Last,

in order to be maximally inclusive, we chose to use the clini-

cal indication of SDB for surgery rather than OSA as charac-

terized by polysomnography. The assignment into the

category of SDB was based on clinical assessment and was

likely less stringent than a comparable OSA assignment used

in some previous studies. We maintain that by choosing a

broader SDB surgical indication, our cohort may be a better

representative of the general pediatric tonsillectomy popula-

tion. At our institution, postoperative polysomnography is

obtained only for those patients with severe OSA preopera-

tively or patients with persistent signs and symptoms of snor-

ing and SDB following surgery. Therefore, we are unable to

correlate the degree of weight gain with the likelihood of

Figure 3. Body mass index percentage (BMI%) at follow-up (FU) vs BMI% on day of surgery (DOS) stratified by (A) age group (P\0.001), (B)
sex and indication for surgery (P\.001), and (C) surgical indication (P = .003).

Voora et al 5



persistent OSA postoperatively. Future prospective studies

with pre- and postoperative polysomnography and BMI mea-

surements at standardized intervals may be able to elucidate a

more nuanced relationship between weight gain and severity

of OSA. However, such a study would likely require multi-

center collaborations in order to achieve adequate power.

Conclusion

We observed a significant increase in BMI percentile following

tonsillectomy, especially in younger, male, and obese patients

undergoing surgery for SDB. The weight gain accounted for a

significantly increased proportion of the overall cohort being

classified as overweight or obese after surgery. Clinicians need

to be aware of the propensity for postoperative weight gain in

pediatric patients with SDB undergoing tonsillectomy and pro-

vide the appropriate counseling for patients and their families

when reviewing surgical risks and benefits. In order to achieve

better long-term outcomes, multidisciplinary care may be nec-

essary for children with sleep disorders and obesity with

emphasis on nutrition, healthy lifestyle changes, and weight

management before and after surgery.
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