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Background: Graves’ disease accounts for *80% of all cases of hyperthyroidism and is associated with sig-
nificant morbidity and decreased quality of life. Understanding the association of total thyroidectomy with
patient-reported quality-of-life and thyroid-specific symptoms is critical to shared decision-making and high-
quality care. We estimate the change in patient-reported outcomes (PROs) before and after surgery for patients
with Graves’ disease to inform the expectations of patients and their physicians.
Methods: PROs using the MD Anderson Symptom Inventory (MDASI) validated questionnaire were collected
prospectively from adult patients with Graves’ disease from January 1, 2015, to November 20, 2020, on a lon-
gitudinal basis. Survey responses were categorized as before surgery (£120 days), short term after surgery
(<30 days; ST), and long term after surgery (‡30 days; LT). Negative binomial regression was used to estimate
the association of select covariates with PROs.
Results: Eighty-five patients with Graves’ disease were included. The majority were female (83.5%); 47.1%
were non-Hispanic white and 35.3% were non-Hispanic black. The median thyrotropin (TSH) value before
surgery was 0.05, which increased to 0.82 in ST and 1.57 in LT. In bivariate analysis, the Total Symptom
Burden Score, a composite of all patient-reported burden, significantly reduced shortly after surgery (before
surgery mean of 56.88 vs. ST 39.60, p < 0.001), demonstrating improvement in PROs. Furthermore, both the
Thyroid Symptoms Score, including patient-reported thermoregulation, palpitations, and dysphagia, and the
Quality-of-Life Symptom Score improved in ST and LT (thyroid symptoms, before surgery 13.88 vs. ST 8.62
and LT 7.29; quality of life, before surgery 16.16 vs. ST 9.14 and LT 10.04, all p < 0.05). After multivariate
adjustment, the patient-reported burden in the Thyroid Symptom Score and the Quality-of-Life Symptom Score
exhibited reduction in ST (thyroid symptoms, rate ratio [RR] 0.55, confidence interval [CI]: 0.42–0.72; quality
of life, RR 0.57, CI: 0.40–0.81) and LT (thyroid symptoms, RR 0.59, CI: 0.44–0.79; quality of Life, RR 0.43,
CI: 0.28–0.65).
Conclusions: Quality of life and thyroid-specific symptoms of Graves’ patients improved significantly from
their baseline before surgery to both shortly after and longer after surgery. This work can be used to guide
clinicians and patients with Graves’ disease on the expected outcomes following total thyroidectomy.
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Introduction

Graves’ disease accounts for nearly 80% of all cases
of hyperthyroidism (1), and causes significant morbid-

ity and decreased quality of life (2–4). Treatment options
include medications, radioactive iodine ablation (RAI), and
surgical management; the treatment choice is based on pa-
tient preference as well as the clinical presentation (2,3,5).

Surveys indicate that RAI is the dominant treatment modality
in the United States, accounting for more than half of the
treatment, however, the use of antithyroid medication is in-
creasing (6,7). Recent analysis showed that even though
surgery is the most definitive treatment (99%), it is only used
as first-line treatment for 6% of patients and subsequently in
9% of patients with first-line treatment failure, and 3% with
second-line treatment failure (7,8). With the use of shared
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decision-making in treatment decisions with Graves’ patients,
understanding the effect of surgical treatment on patient-
reported quality of life, core symptoms, and thyroid-specific
symptoms is critical to providing high-quality care.

Patient-reported outcomes (PROs) represent a powerful
tool to help physicians and their patients understand the dy-
namic changes in symptoms and quality of life due to surgical
treatment. For Graves’ disease in particular, patients may
present with multiple nonspecific symptoms, such as fati-
gue, mood dysregulation, or heat sensitivity, and would like
to know what changes in these symptoms they can expect
as they undergo treatment. Previous research on PROs in
Graves’ disease has been limited by several key factors. First,
baseline values and short-term time points with relation to
thyroidectomy are largely omitted, limiting the understand-
ing of short-term changes following surgery (2,3,9–17).
Second, many prior studies with Graves’ patients rely on
mailed questionnaires with varied response rates (2,3,9–17)
or on retrospective PROs, which are at risk for recall bias
(18). Last, peer-reviewed literature regarding PROs and
Graves’ disease is predominantly from studies based out-
side of North America. Published studies include patients
from Europe (2,3,9,10,12,14,15,17,19), Brazil (13), and New
Zealand (16), where patients have different social, cultural,
and economic contexts. Consequently, current evidence that
is applicable to the patients in the United States is not avail-
able. We aim to fill this gap in the literature by assessing the
quality of life, core symptoms, and thyroid-specific symp-
toms of patients before, in the short term, and in the long
term following thyroid surgery. We estimate the change in
PROs in response to surgical treatment and characterize the
dynamics of these responses to better inform the expectations
of patients with Graves’ disease and their physicians.

Methods

Patients were included if they were age ‡18 years, had a
diagnosis of Graves’ disease, and underwent total thyroid-
ectomy. Patients who did not have data for at least one MD
Anderson Symptom Inventory (MDASI) survey £120 days
before surgery or any time after surgery were excluded.

Data were extracted from a novel thyroid data platform
created by the Private Diagnostic Clinic Outcome Research
Team (PORT-Thyroid database) developed in conjunction
with the Duke Endocrine Neoplasia Laboratory. The data-
base collected prospective PROs with the MDASI, which
includes a thyroid symptom module that has previously been
validated for use in thyroid patients, beginning from January
1, 2015, for all patients with thyroid disease seen at the Duke
University Medical Center (Supplementary Appendix SA1)
(20). In addition, patient characteristics, such as demogra-
phics, disease, and treatment information, were collected
over the same period. The data were exported on November
20, 2020, and encompass patient visits that occurred between
January 1, 2015, and November 19, 2020. Patient factors
collected included age, race/ethnicity, sex, marital status,
employment status, religion, and insurance. Disease and
treatment factors included body mass index, medical history,
and thyrotropin (TSH). Timing of survey responses was cat-
egorized as before surgery (£120 days), short term after
surgery (<30 days; ST), and long term after surgery (‡30 days
after; LT). Survey responses that occurred >120 days before

surgery were excluded. If multiple responses were recorded
during a specific time interval, the mean score was compu-
ted and utilized throughout this analysis. Therefore, patients
could have at most three score entries for each survey item.
TSH values were collected via chart review and categorized
as before surgery, ST, or LT. If multiple TSH measures were
recorded during a specific time interval, the mean value
during the specific interval was estimated and utilized.

The tool assesses common hyperthyroid patient symp-
toms, such as heat sensitivity, palpitations, dysphagia, and
diarrhea, among others. The primary outcome of this study is
the Total Symptom Burden Score, the composite score of
the MDASI tool (20,21), which is a synthesis of the follow-
ing variables: ‘‘pain,’’ ‘‘patient-reported fatigue,’’ ‘‘nausea,’’
‘‘sleep,’’ ‘‘distress,’’ ‘‘shortness of breath,’’ ‘‘memory,’’
‘‘drowsiness,’’ ‘‘appetite,’’ ‘‘dry mouth,’’ ‘‘sadness,’’ ‘‘vomit-
ing,’’ ‘‘numbness,’’ ‘‘hoarseness,’’ ‘‘feeling hot,’’ ‘‘racing
heartbeat,’’ ‘‘feeling cold,’’ ‘‘difficulty swallowing,’’ ‘‘diar-
rhea or loose stools,’’ ‘‘activity,’’ ‘‘ability to work,’’ ‘‘rela-
tionships with others,’’ ‘‘enjoyment of life,’’ ‘‘walking,’’ and
‘‘mood.’’ To precisely describe the quality-of-life changes
in relation to surgical management, analyses assessed each
of these symptoms as individual outcomes and as compos-
ite categories: (i) Core Symptom Score, (ii) Quality-of-Life
Score, and (iii) Thyroid Symptom Score. The Core Symptom
Score includes patient-reported ‘‘pain,’’ ‘‘fatigue,’’ ‘‘nausea,’’
‘‘sleep,’’ ‘‘distress,’’ ‘‘shortness of breath,’’ ‘‘memory,’’
‘‘drowsiness,’’ ‘‘appetite,’’ ‘‘dry mouth,’’ ‘‘sadness,’’ ‘‘vomit-
ing,’’ and ‘‘numbness.’’ The Quality-of-Life Score includes
patient-reported ‘‘activity,’’ ‘‘ability to work,’’ ‘‘relation-
ships with others,’’ ‘‘enjoyment of life,’’ ‘‘walking,’’ and
‘‘mood.’’ The Thyroid Symptom Score includes patient-
reported ‘‘hoarseness,’’ ‘‘feeling hot,’’ ‘‘racing heartbeat,’’
‘‘feeling cold,’’ ‘‘difficulty swallowing,’’ and ‘‘diarrhea or
loose stools.’’ Notably, higher MDASI scores correspond
with greater symptom burden and lower MDASI scores
correspond with less symptom burden, and therefore, an
improved symptom score is a reduction in score. Due to a
data collection error, one component of the Quality-of-Life
Score, ‘‘work (including work around the house),’’ was not
reported universally for all patients, however, this score was
collected and incorporated into the Quality-of-Life Score
and Total Score. Therefore, a score for this field was esti-
mated for all patients as the total Quality-of-Life score mi-
nus the sum of the remaining five fields used to calculate
the composite Quality-of-Life Score. This estimated score is
reported throughout.

Patient characteristics were summarized with N (%) for
categorical variables and median (interquartile range, IQR)
for continuous variables (Table 1). MDASI survey responses
were summarized as mean with standard deviation by timing
of the MDASI survey responses (Table 2). Differences be-
tween time groups were tested using pairwise nonparametric
paired Wilcoxon signed-rank tests.

Negative binomial regression was used to estimate the
association of time point with the subscale and total scores,
after adjustment for TSH, age, sex, race/ethnicity, obesity,
hypertension, marital status, and insurance type. TSH was
included in all models as a repeated measure. The distribu-
tions of the subscale scores and total score were examined
and several regression methods were tested to determine
which method would be the best fit to the data. Negative
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binomial regression was selected based on the non-normal
distributions of the outcomes and the lowest quasi-
information criteria score, which measures the goodness of fit
of a model to the data, with lower values indicating a better
fit (22). All regression models were built in the generalized
estimating equation framework and included an autoregres-
sive covariance structure to account for the correlation of

the repeated measures for each patient. Only observations
with complete data for all covariates were included for each
regression.

To quantify potential differences between patients with
differing data availability, an additional unadjusted analy-
sis was conducted to compare those with data for all three
time points versus those with data for the presurgery and
one postsurgery time point versus those with data for the
short-term and long-term time points versus those with data
for only one time point. These results are summarized in
Supplementary Table S1.

All statistical analyses were conducted using SAS version
9.4 (SAS Institute, Cary, NC). No adjustments were made for
multiple comparisons. This study has been approved by the
Duke University Institutional Review Board.

Results

Baseline demographic and clinical characteristics

There were 85 patients with Graves’ disease who met the
study inclusion criteria (Fig. 1). Median age before surgery
was 42 years. The majority were female (83.5%) and were
either overweight (16.5%) or obese (38.8%). A total of 47.1%
of patients identified as non-Hispanic white, 49.4% of pa-
tients had a life partner or spouse, and 42.4% of patients used
government insurance (Table 1). A total of 81 (95.3%) were
on antithyroid medication before surgery, 2 (2.4%) were not,
and 2 (2.4%) had incomplete data. One patient (1.2%) had
previously been treated with radioactive iodine. A total of
54 patients (63.5%) had a normal free thyroxine (T4) level
(as defined by our institutional range of 0.52–1.21) at the
before surgery time point. Median TSH before surgery was
0.05 and increased to 0.82 in ST and to 1.57 in LT (Table 1).
The median number of days from presurgery PRO mea-
surement to surgery was 38 (IQR 29–53), the median number
of days from surgery to short term after surgery PRO mea-
surement was 13 days (IQR 10–15), and the median num-
ber of days from surgery to LT PRO measurement was 205
(94–575).

Thyroid-specific symptoms

The Thyroid Symptoms Score improved from a mean of
13.88 before surgery to 8.62 in the ST ( p < 0.001), and to 7.29
in the LT ( p = 0.02), indicating less symptom burden in ST
and LT (Table 2 and Fig. 2). In bivariate analysis, specific
components of the Thyroid Symptoms Score improved sig-
nificantly from before surgery to ST, including ‘‘feeling
hot’’ (4.00–1.92, p = 0.001), ‘‘racing heartbeat’’ (3.42–1.35,
p < 0.001), ‘‘diarrhea’’ (1.36–0.59, p = 0.04), and ‘‘difficulty
swallowing’’ (2.28–1.65, p = 0.005) (Fig. 3). There were no
significant changes in hoarseness or feeling cold from be-
fore surgery to ST. Patient-reported ‘‘racing heartbeat’’
(3.42–1.39, p = 0.02) and ‘‘difficulty swallowing’’ (2.28–
0.77, p = 0.008) significantly improved from before surgery
to LT. ‘‘Hoarseness’’ reported by patients significantly im-
proved from ST to LT (1.49–0.80, p = 0.001) (Table 2).

Quality-of-life symptoms

The Quality-of-Life Symptoms Score improved from a
mean of 16.16 before surgery to 9.14 in the ST ( p < 0.001),
and to 10.04 in the LT ( p = 0.02) (Table 2 and Fig. 2).

Table 1. Baseline Demographic and Clinical

Characteristics of Patients with Graves’ Disease

Characteristic
Patients
(N = 85)

Age at baseline—median (IQR) 42 (29–54)
Sex

Female 71 (83.5%)
Male 14 (16.5%)

Race/ethnicity
Non-Hispanic white 40 (47.1%)
Non-Hispanic black 30 (35.3%)
Non-Hispanic other or multiple

races
4 (4.7%)

Hispanic 6 (7.1%)

Marital status
Married or life partner 42 (49.4%)
Not married and no life partner 40 (47.1%)

Primary payer
Private 22 (25.9%)
Government 36 (42.4%)
Other 5 (5.9%)
Unreported 22 (25.9%)

BMI
Underweight (<18.5) 2 (2.4%)
Normal weight (18.5–24.9) 10 (11.8%)
Overweight (25.0–29.9) 14 (16.5%)
Obese (30.0–39.9) 17 (20%)
Morbidly obese (40.0+) 16 (18.8%)

Medical history
Hypertension 15 (17.6%)
Anemia 3 (3.5%)
Diabetes 2 (2.4%)
Kidney disease 2 (2.4%)
Congestive heart failure 1 (1.2%)
Atrial fibrillation 1 (1.2%)
Dyspnea 1 (1.2%)
Peripheral vascular disease 1 (1.2%)

Surgery type
Total thyroidectomy 82 (96.5%)
Total with limited neck dissection 1 (1.2%)
Substernal thyroidectomy

(transcervical)
2 (2.4%)

Thyroid profile (TSH)—median (IQR)
Before surgery 0.05 (0.01–1.76)
Short term after surgery 0.82 (0.14–4.82)
Long term after surgery 1.57 (0.51–10.08)

Days between measurement and surgery—median (IQR)
Before surgery 38 (29–53)
Short term after surgery 13 (10–15)
Long term after surgery 205 (94–548)

Data presented as N (%) unless otherwise specified. Percentages
may not add up to 100 due to rounding or missing values.

BMI, body mass index; IQR, interquartile range; TSH, thyrotropin.
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Table 2. Patient-Reported Outcomes of Graves’ Patients Before, Short Term After,

and Long Term After Surgery

Timing p

Before
surgery
(N = 50)

Short term
after surgery

(N = 59)

Long term
after surgery

(N = 32)

Before vs.
short term
(N = 33)

Before vs.
long term
(N = 15)

Short vs.
long term
(N = 19)

Part I: Rate how severe the following symptoms have been in the last 24 hours from 0 (symptom has not been present)
to 10 (symptom was as bad as imaginable).
#1: Your pain at its worst? 2.02 (3.05) 2.33 (2.61) 1.14 (2.20) 0.74 0.70 0.001
#2: Your fatigue (tiredness) at its

worst?
4.64 (3.70) 3.34 (2.87) 3.45 (2.87) 0.03 0.83 0.74

#3: Your nausea at its worst? 1.60 (2.77) 0.86 (2.07) 0.50 (1.39) 0.04 0.25 0.94
#4: Your disturbed sleep at its

worst?
3.96 (3.74) 2.96 (3.26) 2.57 (2.69) 0.04 0.20 0.81

#5: Your feeling of being
distressed (upset) at its
worst?

2.43 (3.26) 1.23 (2.39) 2.76 (2.98) 0.04 0.69 0.35

#6: Your shortness of breath at its
worst?

2.06 (2.84) 1.27 (2.51) 1.39 (2.54) 0.004 0.31 0.84

#7: Your problem remembering
things at its worst?

2.00 (2.99) 1.59 (2.73) 1.91 (2.73) 0.14 0.61 0.20

#8: Your problem with lack of
appetite at its worst?

1.41 (2.42) 1.72 (2.75) 1.73 (2.48) 0.36 0.59 0.64

#9: Your feeling drowsy (sleepy)
at its worst?

3.04 (3.72) 2.41 (2.77) 2.41 (2.60) 0.47 0.91 0.45

#10: Your having a dry mouth at
its worst?

1.23 (2.40) 1.25 (2.29) 1.48 (2.55) 0.37 0.94 0.58

#11: Your feeling sad at its
worst?

1.69 (3.02) 0.97 (2.10) 2.03 (2.82) 0.20 1.00 0.37

#12: Your vomiting at its worst? 0.25 (0.81) 0.31 (1.47) 0.16 (0.80) 0.38 0.50 0.25
#13: Your numbness or tingling

at its worst?
1.45 (2.48) 1.61 (2.78) 2.03 (3.13) 0.37 0.63 0.56

#14: Your hoarseness at its
worst?

1.42 (2.44) 1.49 (2.30) 0.80 (1.86) 0.17 0.16 0.001

#15: Your problem with feeling
hot at its worst?

4.00 (3.90) 1.92 (2.95) 2.01 (2.52) 0.001 0.28 0.97

#16: Your problem with racing
heartbeat at its worst?

3.42 (3.78) 1.35 (2.39) 1.39 (2.19) <0.001 0.02 0.31

#17: Your problem with feeling
cold at its worst?

1.38 (2.14) 1.61 (2.72) 1.23 (2.48) 0.46 0.57 0.92

#18: Your difficulty swallowing
at its worst?

2.28 (3.02) 1.65 (2.18) 0.77 (1.77) 0.005 0.008 0.11

#19: Your diarrhea or loose
stools at its worst?

1.36 (2.61) 0.59 (1.61) 1.09 (2.43) 0.04 0.72 0.008

Part II: How much have your symptoms interfered with the following items in the last 24 hours from 0 (did not interfere)
to 10 (interfered completely)?
#20: General activity? 2.96 (3.59) 2.10 (2.71) 1.78 (2.60) 0.01 0.47 0.17
#21: Mood? 2.99 (3.55) 1.46 (2.38) 2.30 (3.21) 0.001 0.05 0.49
#22: Work (including work

around the house)?
3.12 (3.60) 1.98 (2.69) 1.80 (2.81) 0.003 0.31 0.33

#23: Relationships with other
people?

2.41 (3.46) 1.10 (2.31) 1.58 (2.64) <0.001 0.25 0.75

#24: Walking? 2.09 (3.38) 1.26 (2.29) 0.73 (1.93) 0.009 0.50 0.44
#25: Enjoyment of life? 2.73 (3.50) 1.25 (2.29) 1.85 (2.99) 0.003 0.31 0.52

Summary Scores
Core Symptoms Scorea 27.78 (27.00) 21.84 (23.84) 23.56 (22.60) 0.04 0.45 0.68
QOL Symptoms Scoreb 16.16 (18.80) 9.14 (13.14) 10.04 (14.38) <0.001 0.03 0.94
Thyroid Symptoms Scorec 13.88 (12.46) 8.62 (10.70) 7.29 (9.17) <0.001 0.02 0.63
Total Symptom Burden Scored 56.88 (54.53) 39.60 (44.55) 40.90 (42.88) <0.001 0.08 1.00

Data presented as mean (standard deviation). The presented p-values are the Wilcoxon signed-rank test paired p-values. Higher scores
indicate higher symptom burden and lower scores indicate lower symptom burden.

aCore Symptoms Score: Sum of MDASI Core questions 1–13, range 0–130.
bQOL Symptoms Score: Sum of MDASI Interference questions 20–25, range 0–60.
cThyroid Symptoms Score: Sum of MDASI Thyroid-specific questions 14–19, range 0–60.
dTotal Symptom Burden Score: Sum of all 25 MDASI questions, range 0–250.
MDASI, MD Anderson Symptom Inventory; QOL, quality of life.
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In bivariate analysis, all the reported subcomponents of
the Quality-of-Life Symptoms Score improved significantly
from before surgery to ST, including ‘‘general activity’’
(2.96–2.10, p = 0.01), ‘‘mood’’ (2.99–1.46, p = 0.001), ‘‘rela-
tionship with other people’’ (2.41–1.10, p < 0.001), ‘‘walk-
ing’’ (2.09–1.26, p = 0.009), ‘‘enjoyment of life’’ (2.73–1.25,
p = 0.003), and ‘‘work (including work around the house’’
(3.12–2.98, p = 0.003) (Fig. 3). Patient-reported ‘‘mood’’
improved significantly from before surgery to LT (2.99–2.30,
p = 0.05). No significant change was observed in ‘‘general
activity,’’ ‘‘relationship with others,’’ ‘‘walking,’’ and ‘‘en-
joyment of life’’ from before surgery to LT.

Core symptoms

The Core Symptoms Score improved from a mean of
27.78 before surgery to 21.84 in the ST ( p = 0.04), but no
improvement was seen from before surgery to LT (23.56,
p = 0.45) (Table 2 and Fig. 2). In bivariate analysis, spe-
cific components of the Core Symptom Score improved
significantly from before surgery to ST, including ‘‘fa-
tigue’’ (4.64–3.34, p = 0.03), ‘‘nausea’’ (1.60–0.86, p = 0.04),
‘‘disturbed sleep’’ (3.96–2.96, p = 0.04), ‘‘distress’’ (2.43–
1.23, p = 0.04), and ‘‘shortness of breath’’ (2.06–1.27,
p = 0.004). There were no significant changes in ‘‘pain,’’

FIG. 1. Summary of
patient cohort and data
collection. LT, Long Term
After Surgery; ST, Short
Term After Surgery.

FIG. 2. Summary of
patient-reported outcomes
with relation to surgery over
time. Predicted means of the
summary scores for the
MDASI patient-reported
outcomes at three time
points: before surgery, ST,
and LT. Higher scores indi-
cate higher symptom burden
and lower scores indicate
lower symptom burden.
MDASI, MD Anderson
Symptom Inventory.

58 GUNN ET AL.



‘‘memory,’’ ‘‘appetite,’’ ‘‘drowsiness,’’ ‘‘dry mouth,’’ ‘‘sad
feelings,’’ ‘‘vomiting,’’ and ‘‘numbness’’ from before sur-
gery to ST.

Total Symptom Burden Score

The Total Symptom Burden Score significantly improved
from a mean of 56.88 before surgery to 39.60 in the ST
( p < 0.001) (Table 2 and Fig. 2). While not a statistically
significant change from before surgery, the Total Symptom
Burden Score was 40.90 for patients in the LT ( p = 0.08). No
significant change was observed in the score between ST and
LT ( p = 1.00). Subcategories and specific components of the
Total Symptom Burden Score are reported in Table 2.

Multivariate analysis

After multivariate adjustment for patient and clinical char-
acteristics and time related to surgery, the patient-reported
burden in both the Thyroid Symptom Score and Quality-of-
Life Symptom Score significantly decreased from before
surgery to ST (thyroid symptoms, rate ratio [RR] 0.55, con-
fidence interval [CI]: 0.42–0.72; quality of life, RR 0.57, CI:
0.40–0.81) and LT (thyroid symptoms, RR 0.59, CI: 0.44–
0.79; quality of life, RR 0.43, CI: 0.28–0.65), demonstrating
an improvement in PROs. The Total Symptom Burden Score
improved from before surgery to ST (RR 0.67, CI: 0.53–

0.85), but there was no change from before surgery to LT
(RR 0.77, CI: 0.54–1.08). The Core Symptom Score did not
significantly change from before surgery to ST (RR 0.80,
CI: 0.61–1.04) nor to LT (RR 0.98, CI: 0.62–1.54) (Table 3).

After multivariate adjustment, patient characteristics were
associated with all the four composites scores. Older age
(Total Symptoms, RR for 10-year increase 0.84, CI: 0.72–
0.97; Core Symptoms, RR for 10-year increase 0.83, CI:
0.72–0.97) and male sex (Total Symptoms, RR 0.44, CI:
0.25–0.77; Core Symptoms, RR 0.49, CI: 0.28–0.86) were
significantly associated with improved Total Symptom Bur-
den Score and the Core Symptom Score. Male sex was also
associated with improved Quality-of-Life Score (RR 0.36,
CI: 0.18–0.71), while older age was also associated with
improved Thyroid Symptom Score (RR 0.98, CI: 0.97–1.00)
(Fig. 4). Non-Hispanic other or multiple races was associated
with improved Thyroid Symptom Score compared with non-
Hispanic white (RR 0.22, CI: 0.10–0.50), and patients with
other insurance (RR 0.57, CI 0.34–0.94) were associated
with improved Core Symptom Score compared with private
insurance (Table 3). Finally, non-Hispanic black was asso-
ciated with compromised PROs, including the Core Symp-
tom Score (RR 1.80, CI 1.18–2.73), Quality-of-Life Score
(RR 2.77, CI 1.50–5.12), and Total Symptom Burden
Score (RR 1.66, CI 1.05–2.64) compared with non-Hispanic
white.

FIG. 3. Selected patient-reported outcomes before and after surgery. Specific patient-reported outcomes displayed by the
mean value from before surgery and in the ST time point. All changes in the figure were statistically significant, p < 0.05.
Higher scores indicate higher symptom burden, and lower scores indicate lower symptom burden.

SURGERY FOR GRAVES’: PATIENT-REPORTED OUTCOMES 59



T
a

b
l
e

3
.

M
u

l
t
i
v

a
r
i
a

t
e

N
e
g

a
t
i
v

e
B

i
n

o
m

i
a

l
R

e
g

r
e
s
s
i
o

n
f
o

r
T

o
t
a

l
S

y
m

p
t
o

m
B

u
r
d

e
n

,
Q

u
a

l
i
t
y

-
o

f
-
L

i
f
e

S
y

m
p
t
o

m
,

a
n

d
C

o
r
e

S
y

m
p
t
o

m
S

c
o

r
e
s

In
d
ep

en
d
en

t
va

ri
a
b
le

s

T
o
ta

l
S
ym

p
to

m
B

u
rd

en
S
co

re
Q

u
a
li

ty
-o

f-
L

if
e

S
ym

p
to

m
S
co

re
C

o
re

S
ym

p
to

m
S
co

re

R
a
te

ra
ti

o
[C

I]
p

O
ve

ra
ll

p
-v

a
lu

e
R

a
te

ra
ti

o
[C

I]
p

O
ve

ra
ll

p
-v

a
lu

e
R

a
te

ra
ti

o
[C

I]
p

O
ve

ra
ll

p
-v

a
lu

e

T
im

e
p
o
in

t
0
.0

0
2

<0
.0

0
1

0
.0

9
B

ef
o
re

su
rg

er
y

R
ef

.
R

ef
.

R
ef

.
S

h
o
rt

te
rm

af
te

r
su

rg
er

y
0
.6

7
[0

.5
3
–
0
.8

5
]

<0
.0

0
1

0
.5

7
[0

.4
–
0
.8

1
]

0
.0

0
2

0
.8

[0
.6

1
–
1
.0

4
]

0
.0

9
L

o
n
g

te
rm

af
te

r
su

rg
er

y
0
.7

7
[0

.5
4
–
1
.0

8
]

0
.1

3
0
.4

3
[0

.2
8
–
0
.6

5
]

<0
.0

0
1

0
.9

8
[0

.6
2
–
1
.5

4
]

0
.9

3

A
g
e

(p
er

1
0

y
ea

rs
)

0
.8

4
[0

.7
2
–
0
.9

7
]

0
.0

2
0
.0

2
0
.8

8
[0

.7
5
–
1
.0

3
]

0
.1

2
0
.1

2
0
.8

3
[0

.7
2
–
0
.9

7
]

0
.0

2
0
.0

2
S

ex
0
.0

0
3

0
.0

0
3

0
.0

1
F

em
al

e
R

ef
.

R
ef

.
R

ef
.

M
al

e
0
.4

4
[0

.2
5
–
0
.7

7
]

0
.0

0
4

0
.3

6
[0

.1
8
–
0
.7

1
]

0
.0

0
3

0
.4

9
[0

.2
8
–
0
.8

6
]

0
.0

1

R
ac

e/
et

h
n
ic

it
y

0
.1

0
0
.0

1
0
.0

2
N

o
n
-H

is
p
an

ic
w

h
it

e
R

ef
.

R
ef

.
R

ef
.

N
o
n
-H

is
p
an

ic
b
la

ck
1
.6

6
[1

.0
5
–
2
.6

4
]

0
.0

3
2
.7

7
[1

.5
–
5
.1

2
]

0
.0

0
1

1
.8

[1
.1

8
–
2
.7

3
]

0
.0

0
6

N
o
n
-H

is
p
an

ic
o
th

er
o
r

m
u
lt

ip
le

ra
ce

s
0
.7

6
[0

.2
9
–
2
.0

2
]

0
.5

8
2
.1

5
[0

.6
9
–
6
.7

4
]

0
.1

9
0
.7

2
[0

.2
6
–
2
.0

5
]

0
.5

4

H
is

p
an

ic
1
.3

3
[0

.6
8
–
2
.6

1
]

0
.4

0
1
.7

9
[0

.8
4
–
3
.8

6
]

0
.1

3
1
.4

5
[0

.8
3
–
2
.5

5
]

0
.1

9

M
ar

it
al

st
at

u
s

0
.9

4
0
.7

6
0
.4

0
M

ar
ri

ed
o
r

li
fe

p
ar

tn
er

R
ef

.
R

ef
.

R
ef

.
N

o
t

m
ar

ri
ed

an
d

n
o

li
fe

p
ar

tn
er

1
.1

8
[0

.8
1
–
1
.7

3
]

0
.3

9
0
.9

2
[0

.5
5
–
1
.5

4
]

0
.7

6
1
.2

[0
.7

9
–
1
.8

3
]

0
.4

0

In
su

ra
n
ce

0
.0

5
0
.0

3
0
.0

0
6

P
ri

v
at

e
R

ef
.

R
ef

.
R

ef
.

G
o
v
er

n
m

en
t

0
.7

1
[0

.4
3
–
1
.1

5
]

0
.1

7
0
.6

1
[0

.3
4
–
1
.1

2
]

0
.1

1
0
.6

6
[0

.4
2
–
1
.0

5
]

0
.0

8
O

th
er

0
.6

4
[0

.3
3
–
1
.2

2
]

0
.1

8
0
.2

1
[0

.0
4
–
1
.0

7
]

0
.0

6
0
.5

7
[0

.3
4
–
0
.9

4
]

0
.0

3
U

n
re

p
o
rt

ed
1
.2

8
[0

.7
5
–
2
.1

9
]

0
.3

7
1
.1

2
[0

.5
8
–
2
.1

5
]

0
.7

4
1
.2

4
[0

.7
3
–
2
.1

1
]

0
.4

3

O
b
es

e
0
.4

0
0
.0

9
0
.3

9
Y

es
R

ef
.

R
ef

.
R

ef
.

N
o

1
.1

6
[0

.7
2
–
1
.8

6
]

0
.5

5
0
.8

4
[0

.4
4
–
1
.6

2
]

0
.6

1
1
.2

5
[0

.8
1
–
1
.9

5
]

0
.3

2
U

n
re

p
o
rt

ed
1
.4

7
[0

.8
4
–
2
.5

8
]

0
.1

8
1
.6

3
[0

.8
2
–
3
.2

4
]

0
.1

6
1
.4

3
[0

.8
2
–
2
.4

7
]

0
.2

1

H
y
p
er

te
n
si

o
n

0
.7

1
0
.2

1
0
.8

6
N

o
R

ef
.

R
ef

.
R

ef
.

Y
es

1
.1

[0
.6

8
–
1
.7

7
]

0
.7

1
1
.4

8
[0

.8
–
2
.7

6
]

0
.2

1
0
.9

6
[0

.6
–
1
.5

3
]

0
.8

6

T
S

H
le

v
el

1
.0

[0
.9

9
–
1
.0

1
]

0
.5

0
0
.5

0
1
.0

2
[1

–
1
.0

4
]

0
.0

7
0
.0

7
1
.0

[0
.9

9
–
1
.0

2
]

0
.6

2
0
.6

2

H
ig

h
er

sc
o
re

s
in

d
ic

at
e

h
ig

h
er

sy
m

p
to

m
b
u
rd

en
,

an
d

lo
w

er
sc

o
re

s
in

d
ic

at
e

lo
w

er
sy

m
p
to

m
b
u
rd

en
.

C
I,

co
n
fi

d
en

ce
in

te
rv

al
.

60



Discussion

To our knowledge, this is the first study to examine PROs
in Graves’ disease patients undergoing thyroidectomy in
North America and the first to analyze patient characteris-
tics associated with PROs before and after thyroid surgery.
After addressing the key limitations of published literature
through our inclusion of data collection shortly after surgery,
measurement of clinical characteristics (TSH levels), and
analysis of the relationship between PROs and patient char-
acteristics, we found that patient-reported symptoms, includ-
ing quality-of-life and thyroid-specific symptoms, of Graves’
patients improved significantly from before surgery to shortly
after, within 30 days of surgery, and to longer after the sur-
gery. Specifically, patient-reported ‘‘fatigue,’’ ‘‘nausea,’’ ‘‘dis-
turbed sleep,’’ ‘‘distress,’’ ‘‘shortness of breath,’’ ‘‘feeling hot,’’
‘‘racing heartbeat,’’ ‘‘diarrhea,’’ ‘‘difficulty swallowing,’’
‘‘general activity,’’ ‘‘mood,’’ ‘‘relationship with other peo-
ple,’’ ‘‘walking,’’ and ‘‘enjoyment of life’’ significantly im-
proved from before surgery to ST.

Previous research has demonstrated that patients with
Graves’ disease have a poorer quality of life compared with
the general population (3,9,13,14). Cramon et al. reported
that thyroid-specific symptoms improved in patients with
Graves 6 months after treatment (9). Despite this, compared
with the general population (of Sweden), significant differ-

ences in health-related quality of life remained at 6 months
after treatment (9). Torring et al. report congruent findings
that PROs of patients with Graves’ disease remained worse
compared with the general population (of Sweden), even 6–
10 years after diagnosis (3). Furthermore, this group showed
that patients treated with RAI had worse thyroid-related and
general quality of life compared with patients treated with
medications or thyroidectomy (3). The findings of long-term
impairment of PROs in Graves’ patients have been corrob-
orated in several other studies (10,12,14,15). Our study found
that shortly after thyroid surgery, core symptoms, quality
of life, and thyroid-specific symptoms all improve. Con-
sistent with previous reports, quality of life and thyroid-
specific symptoms maintained improvement in the LT time
point after surgery. Despite power limitations from the small
sample size, the Total Symptom Burden, which is a summary
of all PROs collected, significantly improved before surgery
to ST. In the context of the significant improvement in both
quality-of-life symptoms and thyroid symptoms from be-
fore surgery to LT, the absence of significant change in Total
Symptom Burden from before surgery to LT is likely due to
the Core Symptom Score, which includes symptoms such as
‘‘nausea’’ and ‘‘sadness,’’ which are not specific to thyroid
disease.

Our analysis shows that older age was associated with
improved Total Symptom Burden Score, Core Symptoms

FIG. 4. Multivariate negative binomial regression for MDASI Thyroid Symptom Burden Score. Reference levels are:
before surgery (MDASI timing), female (sex), non-Hispanic white (race/ethnicity), not married and no life partner (marital
status), private (insurance), obese (BMI), and no hypertension. Higher scores indicate higher symptom burden, and lower
scores indicate lower symptom burden. BMI, body mass index.
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Score, and Thyroid Symptom Score. Male sex was also as-
sociated with improved Total Symptom Burden Score, Core
Symptoms Score, and Quality-of-Life Symptom Score. This
relationship is consistent with previous published work;
however, the mechanisms remain unclear. In their cross-
sectional analysis of patients with Graves’ disease, Riguetto
et al. found that male sex was associated with a higher quality
of life (13). Our findings regarding age appear to disagree
with traditional clinical outcomes, which suggest that older
patients with Graves’ disease suffer from greater morbidity
compared with younger patients (23). However, these dif-
ferences may be because traditional definitions of morbidity
do not include patient-reported values. More research is
needed to understand the relationship between age, male sex,
and their clinical and PROs.

This study also showed that additional demographic fac-
tors, such as race and insurance type, were associated with
PROs. Patients who identified as non-Hispanic black are
significantly associated with a worse Total Symptom Burden
Score, Core Symptoms Score, and Quality-of-Life Score
compared with those identifying as non-Hispanic white. On
the contrary, patients who identified as non-Hispanic other
or multiple races were associated with improved Thyroid
Symptom Score compared with non-Hispanic white. Patients
with other insurance, which includes patients who reported
‘‘other’’ or ‘‘commercial,’’ were significantly associated with
improved Core Symptoms Score compared with private in-
surance. The observed differences in PROs by race and in-
surance type are difficult to contextualize as this is the first
study based on the social and economic environment of
the United States. In their analysis of older adults with and
without cancer, Rincon et al. also report racial and ethnic
disparities in health-related quality-of-life outcomes and that
the disparities may be increasing over time (24). Even with
the uncertainty of the observed differences, the prospective
collection of PROs may be a useful tool to identify potential
areas of improvement for reducing racial disparities in health
care (25).

Several specific PROs displayed different patterns of
change in relation to thyroid surgery. Hoarseness and pain
significantly improved after 30 days from surgery (LT), but
not prior (ST). This pattern of pain and hoarseness is likely
the result of well-known operative complications of thyroid
surgery or from the intubation procedure, and may not have
yet resolved at the ST postsurgical time point (26–28). These
findings are important in the shared decision-making between
surgeons and patients. By demonstrating the dynamic chan-
ges of symptoms, patients with Graves’ disease can be more
effectively counseled on what to expect in the short-term
period after surgery.

The primary limitations of this study are related to the
use of single-institution data. While patients were recruited
from a high-volume tertiary surgical center and underwent
surgery by high-volume endocrine surgeons, the number of
Graves’ patients undergoing thyroidectomy remains rela-
tively small; nonetheless, the fact that our analyses re-
vealed statistically significant results indicates data
robustness. In addition, because our data were collected
prospectively in real time rather than by a mailed ques-
tionnaire or recall, participants did not necessarily have
data for every time point. Despite this, our analysis showed
that no meaningful differences in patient characteristics

existed between time points. Although the MDASI ques-
tionnaire was originally designed for thyroid cancer, the
content is often associated with benign hyperthyroid dis-
ease, which provides insight into Graves’ disease. Fur-
thermore, we are unable to provide PROs from comparison
populations treated with antithyroid medications or ra-
dioactive iodine; this could be a focus of future research.
Despite these limitations, this study has key strengths, in-
cluding the use of baseline data from before surgery, the
inclusion of thyroid function, and the analysis of the re-
lationship between patient characteristics and PROs, thus
serving as the first report of PROs in patients with Graves’
disease before and after thyroidectomy from North
America.

In conclusion, our analysis showed that patient-reported
symptoms, including quality of life and thyroid-specific
symptoms, of Graves’ patients improved significantly from
their baseline before surgery to both shortly after and to long
after the surgery. This comprehensive analysis can be used
to guide clinicians and their patients with Graves’ disease
on what outcomes to expect as they undergo thyroidectomy.
Furthermore, this is evidence that the surgical management of
Graves’ disease is associated with improved quality of life
and symptom burden of patients.
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