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Background: The purpose of this study was to analyze factors associated with physical activity (PA) and to identify perceived
barriers and benefits of PA among patients with hypothyroidism on thyroid hormone therapy.Methods: This survey-based cross-
sectional study was conducted among members of the Dutch thyroid patient organization. Self-reported data on respondents’ PA
levels and demographic, clinical, and physical health variables were collected. Moreover, perceived barriers and benefits to PA
were identified. Respondents were categorized as physically active when meeting the recommended Dutch PA guidelines and
physically inactive otherwise. To compare physically active and inactive respondents, potential confounders were entered into
univariate analyses. Factors showing significant correlations (P < .20) were added to a multivariate model to determine the
associated factors of PA. Results: About 1724 female respondents (mean age 53.0 [11.6] y) were included; 16.1% reported
meeting the PA recommendations. Multivariate analysis showed that factors associated with PA included levothyroxine/
liothyronine therapy, comorbidities, self-perceived physical fitness, and diminished physical endurance. Overall, physically
related barriers to PA were rated highest. Conclusions: The vast majority of treated hypothyroid respondents are physically
inactive and experience long-term exercise intolerance. Considering the health implications of physical inactivity, promotion of
regular PA is of key importance in this population.
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Hypothyroidism is a common condition of thyroid hormone
deficiency that affects up to 5% of people worldwide,1 with
autoimmune thyroiditis (AIT) accounting for the vast majority
of hypothyroidism cases in iodine-sufficient areas.2 Hypothyroid-
ism can be treated effectively with optimal thyroid hormone
therapy (THT), reflecting a normal thyroid-stimulating hormone
(TSH) level to minimize thyroid-related complaints. The standard
treatment of hypothyroidism consists of daily administration of
levothyroxine monotherapy.3

Generally, it is presumed that hypothyroidism and biochemi-
cally adequate THT will improve quality of life and reverse
impairments of cardiovascular, respiratory, and muscle functions
at rest and during exercise. However, despite adequate treatment,
approximately 10% to 15% of patients with hypothyroidism on
levothyroxine monotherapy continue to experience impaired qual-
ity of life,4–6 including persistent fatigue, physical constraints, and
exercise intolerance.7,8 These persistent constraints can lead to a
vicious circle of deconditioning, resulting in a further loss of
functional capacity and to the ability to perform physical activity
(PA).9,10

Physical inactivity, defined as “PA levels less than those
required for optimal health and prevention of premature death,”11

has been identified as the fourth leading risk factor for global

mortality. The promotion of PA has increasingly been recognized
as a priority for public health action, and many countries have
responded through the development of global recommendations on
PA for health.12,13 In this, PA is defined as any body movement
produced by skeletal muscles that requires energy, with both
moderate- and vigorous-intensity PA (MVPA) improving health.12

According to the Dutch PA guidelines,13 adults must engage in
MVPA for at least 150 minutes every week, spread over several
different days, and must practice physical activities that strengthen
muscles and bones at least twice a week. The promotion of PA is
especially relevant for patients with chronic conditions and multi-
morbidity, who in general are less physically active than the
general population.14–16 According to a study using data from
the US National Health and Nutrition Examination Survey, lower
PA levels are also found among treated patients with hypothy-
roidism compared with the general population.5,17

A better understanding of the correlates of PA and the varia-
tion in PA patterns of treated patients with hypothyroidism can help
identify meaningful strategies for PA interventions. One way of
increasing such understanding is to identify individual factors
associated with PA levels in treated patients with hypothyroidism.
Individual factors can be defined as person-specific attributes, such
as demographic variables (eg, gender, education); clinical variables
(eg, type of THT, thyroid hormone blood levels); and physical
health variables (eg, subjective health and physical fitness, number
of health conditions, long-term PA limitations). Moreover, addi-
tional insight can be obtained by analyzing the perceived barriers
and benefits to PA in the hypothyroid population, including
physical, psychological, social, and environmental factors.18

Chronic health conditions have been identified both as a barrier
and as benefit to PA, because individuals may exercise to prevent
further physical decline, while their ability to participate in PA
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could be limited by the same conditions.19 However, to our
knowledge, no studies have investigated these correlates of PA
focusing specifically on treated patients with hypothyroidism.

A better picture of how individual factors of treated patients
with hypothyroidism interfere with participation in PA may serve
as a basis for the development and implementation of an effective
intervention strategy adapted to the needs of this patient popula-
tion. Thus, this study anlayzes the factors associated with PA, and
identifies the perceived barriers and benefits of PA among treated
patients with hypothyroidism.

Methods
Respondents

In 2014, a survey-based cross-sectional study was conducted among
members of the Dutch thyroid patient organization (Schildklier
Organisatie Nederland). The study was approved by the medical
ethics review committee of the University Medical Center Utrecht,
The Netherlands (number 13-684/C). As the study concerned an
anonymous survey, an informed consent was not needed. For this
study, all members of the Dutch thyroid patient organization with a
registered e-mail address received an e-mail invitation to participate in
the survey. As a unique reference URL was generated and subse-
quently validated for each individual e-mail address, duplicates in this
anonymous survey were precluded. Inclusion criteria for the respon-
dents were: (1) primary hypothyroidism, (2) treatment with THT,
(3) aged ≥ 18 years, and (4) ability to understand the Dutch language.

Measures

In this study, a self-constructed survey was applied regarding PA
patterns, specifically focusing on treated patients with hypothy-
roidism. The survey consisted of 3 parts. First, survey questions
related to PA-level assessment, demographic characteristics, and
self-perceived general health and physical fitness were selected
from the national survey on “Injuries and Physical Activity in the
Netherlands.” This is a continuous national questionnaire and
database on injuries, PA, and sports participation, as operated
by the Dutch Consumer Safety Institute (VeiligheidNL).20 Second,
survey questions related to clinical characteristics and long-term
PA limitations were included. Finally, survey questions related to
barriers and benefits of PA were adopted for our patient population.

Ascertainment of PA Level. Respondents were categorized as
physically active if they met the recommended Dutch PA guide-
lines13 and physically inactive otherwise. According to these
guidelines, adults must engage in MVPA for at least 150 minutes
every week spread over several different days, and must practice
physical activities that strengthen muscles and bones at least twice
a week. The proportion of respondents meeting the Dutch PA
recommendations was estimated based on responses to 2 questions
from the Injuries and Physical Activity in the Netherlands survey.
MVPAwas assessed by asking respondents howmany days a week
they engaged in MVPA for a minimum of 30 minutes. Examples of
MVPA include activities with intensities that are at least equal to
walking at a firm pace or cycling.21 Muscle strengthening activity
was assessed by asking respondents how many days a week they
performed muscle strengthening activity using the major muscles
of the body in order to maintain or increase muscular strength and
endurance.22 For our analysis, participating in MVPA for a mini-
mum of 30 minutes on at least 5 days a week and engaging in

muscle strengthening activity at least twice a week meant respon-
dents were categorized as physically active. Respondents were
classified physically inactive otherwise.

Demographic Characteristics. Respondents reported their gen-
der (male or female), age (in years), height (in centimeters), and
weight (in kilograms). Reported education level was categorized
into lower (no school graduation and lower general secondary
education), middle (higher general secondary education, preuniver-
sity education, and vocational school), and higher education (uni-
versity degree). Body mass index (BMI) was defined as weight in
kilograms divided by height in meters squared. The BMI was
categorized as underweight (<18.5 kg/m2), normal weight (18.5–
24.9 kg/m2), overweight (25–29.9 kg/m2), obese (30.0–39.9 kg/m2),
and morbidly obese (≥40 kg/m2).

Clinical Characteristics. Self-reported clinical characteristics
included type(s) of THT that were used as treatment of hypothy-
roidism, with the following options (combinations of multiple
therapies were possible): levothyroxine (in micrograms per day),
liothyronine (in micrograms per day), desiccated thyroid extract
from animal origin (in milligrams per day), and unknown. The
results of the most recent thyroid function blood test were requested
as well, (ie, TSH [in milli-international units per liter], free
thyroxine [in picomoles per liter], and free triiodothyronine [in
picomoles per liter]). Because treatment goals of hypothyroidism
include normalization of TSH concentrations and resolution of
physical or psychological complaints while avoiding undertreat-
ment or overtreatment, levels of TSHwere divided into 3 categories
according to the Dutch Guidelines of General Practitioners, that is,
values were considered normal between 0.4 and 4.0 mIU/L,
reflecting undertreatment when >4.0 mIU/L, and overtreatment
when <0.4 mIU/L.3 Respondents were also asked to report the
etiology of primary hypothyroidism. The outcome of this survey
question would be categorized into 3 groups: (1) AIT group
consisting of respondents with primary hypothyroidism caused
by Hashimoto’s thyroiditis; (2) non-AIT group consisting of
respondents with primary hypothyroidism caused by thyroidec-
tomy, radioiodine I-131 therapy, neck irradiation for conditions
other than thyroid diseases, congenital hypothyroidism, medication
(such as lithium, amiodarone) or De Quervain’s thyroiditis; and
(3) unknown group consisting of respondents with primary hypo-
thyroidism in which the etiology of hypothyroidism was unknown
to the patient.

Physical Health Characteristics. Respondents could indicate
which other chronic health conditions were restricting their PA
performance currently besides hypothyroidism, such as asthma,
depression, diabetes mellitus, or heart disease. Moreover, 2 survey
questions from the Injuries and Physical Activity in the Nether-
lands survey on self-perceived general health and physical fitness
were included. Data concerning self-perceived general health were
obtained by the question: “How do you rate your own health in
general?” A similar question was used to obtain data concerning
self-perceived physical fitness: “How do you rate your own
physical fitness in general?” Respondents were asked to rate their
own general health and physical fitness as “good,” “moderate,”
“bad,” or “do not know.” Besides, they were asked about the most
common long-term PA limitations reported in patients with
hypothyroidism,8 for example, fatigue, muscle pain, arthralgia,
and diminished physical endurance. Respondents were asked to
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indicate the self-reported limitations in the categories “none,”
“some,” “much,” and “extreme” as experienced during the past
12 months. Finally, respondents reported whether they felt hypo-
thyroidism limited their PA performance, and the answer could be
“yes” or “no.”

Perceived Barriers and Benefits. To gain insight into potential
barriers and benefits of PA in this population, self-questionnaires
were used to evaluate and rank barriers and benefits of regular
PA. As no validated survey specifically addressing perceived
barriers and benefits of PA exists for treated patients with
hypothyroidism, items from related questionnaires were adopted
for our patient population.23–30 On the questionnaires, respon-
dents indicated on a 5-point Likert-type scale how often 23 items
interfered with or limited them from being physically active
(1 = never, 2 = rarely, 3 = sometimes, 4 = often, and 5 = very
often). Next, respondents ranked, on a 4-point Likert-type scale,
whether they agreed or disagreed with 11 statements based on
their personal experiences on benefits of PA (1 = strongly dis-
agree, 2 = disagree, 3 = agree, and 4 = strongly agree). Lower
scores indicated negative belief, while higher scores indicated
positive belief.

Statistical Analyses

Descriptive statistics were used to describe the demographic,
clinical, and physical health characteristics of respondents. Con-
tinuous variables were presented as mean with SD or as median
with interquartile range in case of highly skewed variables.
Percentages were determined for categorical variables. Indepen-
dent sample t tests (for continuous variables, F value is presented),
chi-square tests (for categorical variables, χ2 and degrees of
freedom are presented), and Mann–Whitney U tests were used
to compare differences in physically active and inactive respon-
dents. To investigate significant factors associated with PA,
adjusted for possible confounders among respondents, univariate
logistic regression analyses were used. Possible confounders were
age, education level, weight status (BMI), THT, TSH level,
etiology of hypothyroidism, number of comorbidities in addition
to hypothyroidism, self-perceived general health and physical
fitness, and long-term PA limitations. Factors from the univariate
logistic regression analyses with P < .20 were included in the
multivariate logistic regression analysis to determine the indepen-
dent associated factors of PA while adjusting for confounding
effects. Differences were considered statistically significant at
P < .05. Odds ratios (ORs) were presented with 95% confidence
interval (CI). The Nagelkerke R2 estimates the amount of variation
in the dependent variable explained by the model (from a mini-
mum value of 0 to a maximum value of approximately 1). Data
were analyzed using SPSS (version 25.0; IBM Corp, Armonk,
NY) .

Results
Study Population

Members of the Dutch thyroid patient organization (n = 5363)
received an invitation by e-mail to participate in the online survey,
and 2119 respondents completed the survey (39.5%). As only 175
(8.3%) were male, it was decided to exclude this subgroup due to
lack of representativeness and instead focus on the group of female

respondents. Other exclusion criteria were (1) surveys with missing
values on the outcome measures (n = 80), (2) no treatment with
THT (n = 101), (3) no primary hypothyroidism (ie, Graves’ disease
[n = 24] or secondary hypothyroidism [n = 4]), and (4) aged <18
years (n = 11). After excluding these cases, 1724 female respon-
dents remained for analyses, subsequently divided into 2 groups
based on their compliance with the recommended Dutch PA
guidelines: physically active (16.1%) and physically inac-
tive (83.9%).

Demographic, Clinical, and Physical Health
Characteristics

As shown in Table 1, the mean (SD) age of respondents was 53.0
(11.6) years, almost half of the respondents had a higher education
level (49.0%), and the majority was represented in the BMI category
“normal” and “overweight” (respectively 41.1% and 36.7%). Re-
spondents predominantly used levothyroxine monotherapy as treat-
ment (98.4%), and 60.7% had a TSH level between 0.4 and 4.0 mIU/
L (normal treatment). The most prevalent cause of hypothyroidism
was AIT (46.3%), and more than half (54.2%) of the respondents
identified one ormore coexisting chronic health conditions in addition
to hypothyroidism. Over half (55.3%) perceived their own general
health as “good,”whereas 39.9% perceived their own physical fitness
as “good.” Their main reported long-term PA limitations (calculated
as the total of categories “much” and “extreme”) were muscle pain
(75.1%), fatigue after exercise (43.3%), and arthralgia (36.9%). Two-
thirds (66.9%) of the respondents indicated that their current condition
of hypothyroidism limited their PA performance.

Univariate and Multivariate Regression Analysis

Univariate logistic regression analysis (Table 2) showed that
several factors were significantly associated with PA. First of all,
age resulted in a higher OR for PA (OR 1.015; 95% CI, 1.003–
1.026). Moreover, the BMI category “overweight” resulted in a
higher OR for PA compared with the BMI category “normal
weight” (OR 1.108; 95% CI, 0.770–1.347). Also, levothyroxine/
liothyronine combination therapy resulted in higher OR for PA
(OR 1.375; 95% CI, 0.916–2.064). In addition, number of
comorbidities was associated with a higher OR for PA (OR
1.503; 95% CI, 1.091–2.069). Finally, univariate logistic regres-
sion analysis indicated a lower OR for self-perceived physical
fitness and PA (OR 0.343; 95% CI, 0.196–0.600), fatigue after
exercise and PA (OR 0.819; 95% CI, 0.716–0.936), diminished
physical endurance and PA (OR 0.677; 95% CI, 0.577–0.794),
and general fatigue and PA (OR 0.850; 95% CI, 0.728–0.991).
As education level, TSH level, etiology of hypothyroidism, and
self-perceived health showed no statistically significant associ-
ation with PA, these variables were excluded from the multiple
regression analysis.

To determine the independent associated factors with PA
(Table 2), age, BMI, levothyroxine/liothyronine combination ther-
apy, number of comorbidity, self-perceived physical fitness, and
long-term PA limitations were all included in the multivariate
logistic regression analysis. Multivariate logistic regression analy-
sis indicated an association between levothyroxine/liothyronine
combination therapy and PA (OR 1.656; 95% CI, 1.086–2.524),
comorbidities and PA (OR 2.171; 95% CI, 1.503–3.135), self-
perceived physical fitness and PA (OR 0.451; 95% CI, 0.235–
0.864), and diminished physical endurance and PA (OR 0.744;
95% CI, 0.609–0.908). In the model, Nagelkerke R2 = 7.1%.
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Table 1 Demographic, Clinical, and Physical Health Characteristics of Respondents, Overall and Stratified in
Physically Inactive and Active Respondents

Characteristic Total Inactive Active Effect size and P value

N, % 1724 (100.0) 1446 (83.9) 278 (16.1)

Age, mean (SD), y 53.0 (11.6) 52.7 (11.6) 54.6 (11.6) F = 0.794, P = .012

Education level, % χ2 = 0.561, df = 2, P = .755

Lower 16.3 16.5 15.1

Middle 34.7 34.4 36.3

Higher 49.0 49.1 48.6

Body mass index, kg/m2 (%) χ2 = 14.578c, df = 4, P = .006

Underweight (<18.5 kg/m2) 1.0 1.1 0.4

Normal weight (18.5–24.9 kg/m2) 41.1 40.3 45.3

Overweight (25–29.9 kg/m2) 36.7 35.8 41.0

Obese (30–39.9 kg/m2) 19.4 20.7 12.6

Morbid obese (≥40 kg/m2) 1.8 2.0 0.7

THTa, %

Levothyroxine 98.4 98.5 97.8 χ2 = 0.592, df = 1, P = .442d

Liothyronine 9.4 8.9 11.9 χ2 = 2.382, df = 1, P = .123

Desiccated thyroid extract from animal origin 2.7 2.7 2.9 χ2 = 0.029, df = 1, P = .866

Unknown 0.4 0.4 0.4 χ2 = 0.018, df = 1, P = .895e

Thyroid hormone levelsb

TSH, mIU/L, median (IQR) 0.9 (1.82) 0.9 (1.82) 0.9 (1.92) .919

Free thyroxine, pmol/L, median (IQR) 17.9 (4.6) 17.7 (6.63) 18.0 (5.33) .156

Free triidothyronine, pmol/L, median (IQR) 1.7 (0.90) 1,7 (0.83) 1.9 (2.34) .541

TSH level, % χ2 = 0.990c, df = 2, P = .610

Overtreatment (<0.4 mIU/L) 30.3 30.2 30.9

Normal treatment (0.4–4.0 mIU/L) 60.7 61.1 58.3

Undertreatment (>4.0 mIU/L) 9.0 8.7 10.9

Etiology of hypothyroidism, % χ2 = 2.104, df = 2, P = .349

Autoimmune thyroiditis 46.3 46.1 47.8

Nonautoimmune thyroiditis 28.3 27.9 30.2

Unknown 25.3 26.0 21.9

Number of additional comorbidities, % χ2 = 6.304, df = 2, P = .043

n = 0 45.8 46.9 39.9

n = 1 31.6 31.5 32.4

n ≥ 2 22.6 21.6 27.7

Self-perceived general health, % χ2 = 2.099, df = 2, P = .350

Good 55.5 55.1 57.4

Moderate 40.0 40.1 39.7

Bad 4.5 4.8 2.9

Self-perceived physical fitness, % χ2 = 28.527, df = 2, P< .001

Good 39.9 37.3 53.6

Moderate 50.0 51.8 40.8

Bad 10.1 10.9 5.4

Long-term physical activity limitations (top 7), %

Muscle pain 75.1 75.3 73.7 χ2 = 0.307, df = 1, P = .579

Fatigue after exercise 43.3 44.8 35.3 χ2 = 8.684, df = 1, P = .003

Arthralgia 36.9 37.3 34.9 χ2 = 0.602, df = 1, P = .438

Precarious level of exercise performance 34.0 33.9 34.9 χ2 = 0.105, df = 1, P = .746

Diminished physical endurance 31.6 34.0 19.1 χ2 = 23.940, df = 1, P< .001

(continued)
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Perceived Barriers and Benefits

The presence and importance of physical, psychological, social,
and environmental barriers are listed in Table 3. Physically inactive
and active respondents largely agreed which barriers were the most
restrictive, with physical barriers being the most frequently re-
ported. Two main physical barriers in both groups were similar:
“too fatigued to exercise” and “lack of energy.” Moreover, physi-
cally inactive respondents rated 20 of the 23 potential barriers as
more restrictive (P < .05) than did physically active respondents.

The presence and importance of physical, psychological, and
social benefits are shown in Table 4. Although respondents con-
sidered “lack of energy” as one of the main barriers, “exercise gives
me more energy”was also perceived as an important benefit of PA.
Moreover, physically inactive respondents rated 10 of the 11
potential benefits as less beneficial (P < .05) than did physically
active respondents.

Discussion
Patients with treated hypothyroidism experience long-term exer-
cise intolerance and are less physically active compared with the
general population. Despite the importance of regular PA for the
prevention and management of many chronic health conditions, no
studies have investigated the factors related to low compliance to
PA in treated patients with hypothyroidism. The present study
represents the first attempt to identify a variety of individual factors
that may be associated with PA in this patient population, such as
demographic, clinical, and physical health variables, and to analyze
perceived barriers and benefits of PA.

Meeting Recommended Levels of PA

This cross-sectional study demonstrated that only 16.1% of treated
patients with hypothyroidism are meeting the recommendations of
the Dutch PA guidelines for adults. This is considerably lower than
to the self-report-based analyses by the Dutch National Institute for
Public Health and the Environment, which indicate that 52% of
Dutch adults met these PA guidelines.31

Demographic Characteristics

Multivariate analysis revealed that age, education level, and BMI
were not associated with PA, suggesting that these factors do not
significantly affect adherence to PA recommendations among
respondents in our study population. This is not in agreement
with the literature. However, comparison of results is difficult,
because other studies have included different target groups, such as
the general population32–34 or populations with other chronic health

diseases.15,35 Therefore, further large-scale studies including pa-
tients with hypothyroidism are needed.

Clinical Characteristics

The TSH level and etiology of hypothyroidism were not associated
with PA, whereas levothyroxine/liothyronine combination therapy
was positively associated with PA. In general, treatment goals for
hypothyroidism include normalization of TSH levels and resolu-
tion of physical or psychological complaints by administering
levothyroxine monotherapy, without the patient experiencing the
adverse effects and negative health consequences of undertreat-
ment or overtreatment.3 Although there is a general consensus that
the majority of patients with hypothyroidism respond well to the
standard treatment of levothyroxine monotherapy, a substantial
subset of patients continue to experience persistent complaints and
express dissatisfaction with levothyroxine monotherapy.5,36

We recognize that 39.3% of the respondents in our study
reported TSH levels outside the normal reference range, and it is
worth noting that this is similar to the rate of 39.9% in the Colorado
thyroid disease prevalence study.37 However, when focusing on the
30.3% of the respondents with decreased TSH levels reflecting
overtreatment, half had only mildly diminished TSH levels
between 0.1 and 0.4 mlU/L. When focusing on the 9.0% of
respondents with increased TSH levels reflecting under treatment,
more than half had only mildly elevated TSH levels between 4.0
and 7.0 mlU/L. Moreover, with no internationally agreed and
evidence-based reference range for adequate TSH levels, it can
be argued whether any reference range can be considered normal,
not only because of the differences in determination of TSH
between different laboratories worldwide, but also due to different
preferences in optimum TSH levels within individual patients.

Although our observations might be limited by the cross-
sectional nature of this study, persistent complaints can have other
possible explanations. Explanations include the patient’s aware-
ness of a chronic illness requiring lifelong dependency on medica-
tion,6,17 inadequacy of levothyroxine monotherapy to restore
physiological thyroid hormone concentrations of thyroxine and
triiodothyronine at tissue level, as well as the presence of associated
autoimmune diseases6 and recognized or unrecognized comorbid-
ities.17 Besides, the mere presence of thyroid peroxidase antibody
in serum in patients with AIT has been linked to a decreased quality
of life.6,38

Though our study indicated a positive association between the
use of the levothyroxine/liothyronine combination therapy and PA,
whether addition of liothyronine to levothyroxine will reduce
persistent symptoms is a long-standing debate in the literature.4

There is universal consensus among all clinical guidelines that

Table 1 (continued)

Characteristic Total Inactive Active Effect size and P value

General fatigue 26.6 27.6 21.6 χ2 = 4.312, df = 1, P = .038

Prolonged recovery after physical activity 24.2 24.1 25.2 χ2 = 0.157, df = 1, P = .692

Hypothyroidism is limiting physical activity, %

Yes 66.9 67.6 63.7 χ2 = 1.600, df = 1, P = .206

Abbreviations: IQR, interquartile range; FT3, free triiodothyronine; FT4, free thyroxine; THT, thyroid hormone therapy; TSH, thyroid-stimulating hormone. Note: Bold
values are significant, P < .05.
aPatients use multiple therapies at the same time, making the total more than 100. bNumber of patients differ per category “total,” “inactive,” and “active”; TSH,
respectively, 1154, 979, and 175; FT4, respectively, 996, 846, and 150; and FT3, respectively, 108, 90, and 18. cTwo cells (20.0%) have expected count <5. The minimum
expected count is 2.74. dOne cells (25.0%) have expected count <5. The minimum expected count is 4.52. eOne cells (25.0%) have expected count <5. The minimum
expected count is 1.13.
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Table 2 Univariate and Multivariate Logistic Regression Analysis for Factors Associated With Physical Activity

Univariate (n = 1724) Multivariate

Variable Odds (95% CI) P value Odds (95% CI) P value

Age, y 1.015 (1.003–1.026) .012 1.004 (0.992–1.017) .473

Education level .756

Lower Reference category

Middle 1.156 (0.782–1.711)

High 1.082 (0.743–1.576)

Body mass index, kg/m2 .007 .051

Underweight (<18.5 kg/m2) 0.289 (0.038–2.201) 0.384 (0.050–2.978)

Normal weight (18.5–24.9 kg/m2) Reference category Reference category

Overweight (25–29.9 kg/m2) 1.108 (0.770–1.347) 1.070 (0.799–1.433)

Obese (30–39.9 kg/m2) 0.540 (0.362–0.805) 0.608 (0.399–0.925)

Morbid obese (≥40 kg/m2) 0.319 (0.075–1.355) 0.383 (0.087–1.678)

THT

Levothyroxine 0.700 (0.281–1.743) .444

Liothyronine 1.375 (0.916–2.064) .124 1.656 (1.086–2.524) .019

Desiccated thyroid extract from animal origin 1.069 (0.494–2.313) .866

Unknown 0.866 (0.104–7.225) .895

TSH level .611

Overtreatment (<0.4 mIU/L) 1.070 (0.748–1.530)

Normal treatment (0.4–4.0 mIU/L) Reference category

Undertreatment (>4.0 mIU/L) 1.310 (0.764–2.249)

Etiology of hypothyroidism .350

Autoimmune thyroiditis Reference category

Nonautoimmune thyroiditis 1.041 (0.771–1.405)

Unknown 0.812 (0.585–1.128)

Number of comorbidity besides hypothyroidism .044 <.001
n = 0 Reference category Reference category

n = 1 1.208 (0.893–1.635) 1.443 (1.051–1.981)

n ≥ 2 1.503 (1.091–2.069) 2.171 (1.503–3.135)

Self-perceived general health .358

Good Reference category

Moderate 0.952 (0.730–1.242)

Bad 0.579 (0.273–1.228)

Self-perceived physical fitness <.001 .01

Good Reference category Reference category

Moderate 0.546 (0.418–0.714) 0.575 (0.421–0.784)

Bad 0.343 (0.196–0.600) 0.451 (0.235–0.864)

Long-term physical activity limitations (top 7)

Muscle pain 0.921 (0.687–1.234) .581

Fatigue after exercise 0.819 (0.716–0.936) .003 0.974 (0.827–1.147) .752

Arthralgia 0.948 (0.829–1.085) .438

Precarious level of exercise performance 1.023 (0.984–1.170) .746

Diminished physical endurance 0.677 (0.577–0.794) <.001 0.744 (0.609–0.908) .004

General fatigue 0.850 (0.728–0.991) .038 .673

Prolonged recovery after physical activity 1.030 (0.888–1.195) .692 1.041 (0.865–1.252)

Abbreviations: CI, confidence interval; THT, thyroid hormone therapy; TSH, thyroid-stimulating hormone. Note: Bold values for univariate logistic regression analysis are
significant: P < .20. Bold values for multivariate logistic regression analysis are significant: P < .05. Nagelkerke R2 = 7.1%.
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Table 3 Comparison of the Medians (IQR) of Perceived Barriers Between Physically Inactive and Active
Respondents on the 5-Point Likert-Type Scale

Perceived barrier Inactive (n = 1446) Active (n = 278) P value

Physical barriers (internal)

Too tired/fatiguea,d,e,f 3 (2) 3 (1)g <.001
Lack of energya,c,e 3 (1) 3 (2)g <.001
Exercise is hard workb,d,e 3 (1) 2 (2)g <.001
Limiting health problemb,c,e,f 2 (2) 2 (2)g .006

Psychological barriers (internal)

Not interestedb 2 (2) 2 (2)g <.001
No willpowere 2 (2) 2 (2)g <.001
Not enjoyingc 2 (2) 2 (1)g <.001
Exercise is boringd,e 2 (2) 1 (1)g <.001
Too overweightc,d,e 1 (2) 1 (2)g .002

Not sportyc 1 (2) 1 (1)g <.001
Insecure about appearancea,c,e,f 1 (2) 1 (1)g .070

Do not know how to exercisee,f 1 (1) 1 (1)g <.001
Fear of injuryb,c 1 (1) 1 (1)g .513

Afraid to faild 1 (0) 1 (0)g .001

Social barriers (external)

Family-related responsibilitiesa,c,e,f 2 (2) 2 (2)g <.001
Work-related responsibilitiesf 2 (2) 2 (2)g <.001
Social-related responsibilitiese,f 2 (2) 2 (2)g <.001
Not enough timea,b,c,d,e,f 2 (1) 2 (2)g <.001
No one to exercise withc,d,e,f 1 (1) 1 (1)g <.001

Environmental barriers (external)

Weather conditionsb,d,e 2 (2) 1 (1)g <.001
Too expensivea,c,d,e,f 1 (2) 1 (1)g .024

Lack of facilities nearbya,c,d,e,f 1 (0) 1 (0)g .006

No sports equipmentc 1 (0) 1 (0)g .112

Abbreviation: IQR, interquartile range; PA, physical activity. Note: Data are expressed as median (IQR). Bold values are significant, P < .05.
aSechrist et al,23 bMelillo et al,24 cBooth et al,25 dNISB,26 eKorkiakangas et al,27 fJustine et al.28 gThe group that experiences the least PA barriers and where the difference
found is in their favor.

Table 4 Comparison of the Medians (IQR) of Perceived Benefits Between Physically Inactive and Active
Respondents on the 4-Point Likert-Type Scale

Perceived benefit Inactive (n = 1446) Active (n = 278) P value

Physical benefits (internal)

Gives more energya,b 3 (1) 3 (1)e .006

Control my weightc 3 (1) 3 (1)e .001

Improves cardiovascular systemb,c,d 3 (1) 3 (1)e .009

Body will look bettera,c 3 (1) 3 (1)e .163

Stay physically healthyc 3 (0) 3 (1)e .032

Psychological benefits (internal)

Feelings of well-beingb,d 3 (1) 3 (1)e <.001
Improves mental alertnessa,b 3 (1) 3 (1)e <.001
Good for my mental statea,d 3 (1) 3 (1)e <.001
Lowers stressa,c 3 (0) 3 (1)e <.001
Sense of personal accomplishmenta,b 3 (0) 3 (1)e .005

Social benefits (external)

Meeting other peoplea 3 (0) 3 (1)e .040

Abbreviations: IQR, interquartile range; PA, physical activity. Note: Data are expressed as median (IQR). Bold values are significant, P < .05.
aSechrist et al,23 bMelillo et al,24 cMeriwether et al,29 dMalone et al.30 eThe group that experiences increased PA effects and where the difference found is in their favor.
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newly diagnosed patients with hypothyroidism should be treated
with levothyroxine monotherapy.39 However, after excluding other
explanations, physicians should consider levothyroxine/liothyro-
nine combination therapy for those patients with hypothyroidism
who have persistent symptoms or metabolic abnormalities despite
normalization of serum TSH level and are unambiguously not
benefiting from levothyroxine monotherapy.39,40

Physical Health Factors

The consideration of physical health factors is important as it can
limit people’s ability to be physical active, but it can also necessi-
tate participation in PA aimed at prevention or rehabilitation.34 In
this study, physical health factors included number of self-reported
chronic health conditions, subjective general health and physical
fitness, and long-term PA limitations. After multivariate analysis,
all variables were associated with PA with the exception of self-
reported general health.

Comorbidity was inversely associated with PA with respon-
dents with one or more comorbidities being more likely than
respondents with no comorbidity to meet the PA recommendations.
This seems surprising, but studies examining the association
between multi-morbidity and PA have demonstrated conflicting
results with some studies finding an association14,41,42 while others
show no association between PA and multi-morbidity.43,44 The
results of our study might therefore indicate that respondents with
one or more comorbidities are more aware of the importance of
regular PA as a preventative and managing their general health
more carefully, therefore engaging in more regular PA.

Whereas our study did not indicate an association between self-
perceived general health and PA, it did show that respondents with a
lower self-perceived physical fitness were less likely to meet PA
recommendations compared with respondents with a good self-
perceived physical fitness. Self-perceived health and physical fitness
are both considered epidemiological predictors of subsequent mor-
tality and/or functional limitation.45 Lower self-perceived physical
fitness may also have a negative psychological influence on PA
engagement, as it may be more important how people are feeling
subjectively than whether they have one or more comorbidities.
Treated thyroid patients with a lower self-perception of physical
fitness must therefore receive better explanations of the benefits of
regular PA, as awareness of the positive health effects of regular PA
may be crucial to motivating them to be more physically active.

Frequently reported long-term PA limitations by respondents
in this study were fatigue, prolonged recovery after PA, and
diminished physical endurance, with only the latter being signifi-
cantly associated with PA. In particular, patients reported persistent
fatigue and fatigue-related symptoms, both hallmarks of hypothy-
roidism despite adequate THT.46 In general, patients often describe
fatigue as a lack of energy, mental or physical tiredness, diminished
physical endurance, and prolonged recovery after PA.47 Interest-
ingly, they could benefit from PA, which can combat feelings of
fatigue and low energy: Several studies suggest a strong, consis-
tent, temporally appropriate dose–response relationship between
PA and feelings of fatigue and low energy.48 These patients could
benefit from treatment of fatigue, such as structured and tailored
intervention strategies for regular PA to improve quality of life.

Perceived Barriers and Benefits

One of the aims of this study was to identify the perceived barriers
and benefits to PA among women with treated hypothyroidism and

to establish whether differences existed between physically inac-
tive and active respondents. The results show that both physically
inactive and active respondents identified similar barriers and
benefits to PA. At the same time, physically inactive respondents
experienced barriers as more restrictive and perceived benefits as
less beneficial compared with physically active respondents. This
tendency for less physically active individuals to consider each
barrier to be more difficult than do physically active individuals is
also reported in healthy subjects.49 One explanation is that physi-
cally inactive respondents are inactive, in part, because they face
objectively higher barriers. It is also possible that barriers are
objectively similar (eg, similar fatigue, not enough time, and
weather conditions), but physically inactive respondents perceive
these barriers as more problematic. In contrast, physically active
women may have more confidence in their ability to overcome
barriers.49 In our study, a frequently mentioned barrier for all
respondents was lack of energy, whereas improvements in this
outcome were perceived as an important benefit of PA. Similarities
between disease-specific barriers and benefits of PA have also been
observed in other studies.50 A final observation is that lack of time
is often considered one of the most common barriers to PA among
the general population.25 However, our respondents did not report
this as a major barrier. In contrast, barriers related to physicality
were rated strongest by our patient population.

Strengths, Limitations, and Recommendations

The strengths of this study include the large sample size and their
stratification based on their compliance with recommended PA
guidelines: physically active and physically inactive.

We recognize that all respondents’ data from the online survey
are based on self-report, which can introduce potential bias, as the
data are not objectively measured or medically validated and can
therefore be subjective due to underreporting or overreporting.
Moreover, inviting members of the Dutch thyroid patient organi-
zation to participate in an online survey focused on PA is theoreti-
cally biased toward patients with PA limitations for the reason that
they may be most likely to respond to the online survey. Therefore,
our study participants may not be representative of the hypothyroid
population, which limits the study’s generalizability. They are,
however, representative of the reasonable target population for PA
promotion. In addition, although our study provided an extensive
number of potential influencing factors associated with PA and
perceived barriers and benefits of PA, the low Nagelkerke R2 of the
model indicates under fitting, meaning that other important, unex-
plored factors in determining differences in PA between the
physically inactive and active respondents are missing from the
model. Furthermore, although the cross-sectional data does not
show cause–effect relationships, it does identify associations. On a
final note, it has not been the focus of this paper to examine PA and
associated factors that may vary with gender. For instance, studies
on self-reported assessment of PA have consistently found that
women are less physically active than men.51 As the inclusion in
our study was limited to women, the results cannot simply be
transferred to men.

Conclusions
This study provided information on factors associated with PA and
identified perceived barriers and benefits of PA among patients
with hypothyroidism on THT. The vast majority of treated hypo-
thyroid respondents were physically inactive and experienced
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long-term exercise intolerance. In addition, levothyroxine/
liothyronine combination therapy, number of comorbidities,
self-perceived physical fitness, and diminished physical endurance
were independently associated with PA, while physical barriers in
particular were most problematic. This variety of individual factors
associated with PA may indicate that this patient population
experienced additional barriers to perform regular PA, which
can jeopardize recommended PA levels for health. Considering
the health implications of physical inactivity, increasing the aware-
ness of PA-related health benefits is of key importance in the
promotion of regular PA in this patient population. Finally, multi-
disciplinary collaboration between sports physicians, physiothera-
pists, general practitioners, and endocrinologists is recommended
for an integrated health approach in this heterogeneous population.
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