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February 2, 2017; doi:10.1152/japplphysiol.00094.2016.—Studies
suggest that patients with subclinical hypothyroidism (SH) have
sympathovagal imbalance, which could lead to a slower heart rate
(HR) response in the transition from rest to exercise. Thus the
objective of this study was to investigate the behavior of the HR
kinetics in patients with SH during the transition from rest to exercise.
The study included 18 SH women [thyroid stimulating hormone
(TSH) ⫽ 6.95 ⫾ 2.94 IU/ml and free thyroxine (FT4) ⫽ 0.96 ⫾ 0.15
ng/dl] and 17 euthyroid women (TSH ⫽ 2.28 ⫾ 0.84 IU/ml and
FT4 ⫽ 0.98 ⫾ 0.07 ng/dl). Both groups were matched for physical
activity, menopausal status, and age. The HR kinetics was obtained
during the course of a constant-load exercise (50 W), for 6 min, in a
cycle ergometer, and quantified from the mean response time (MRT),
which is equivalent to the time taken to reach 63% of the HR at steady
state. SH patients showed slower HR kinetics than the control group
(MRT ⫽ 48.5 ⫾ 17.6 vs. 36.0 ⫾ 10.3 s, P ⫽ 0.015). The MRT has
been shown to correlate with the level of physical activity
(r ⫽ ⫺0.361; P ⫽ 0.033) and with the subjective perception of
exertion at the end of the exercise (r ⫽ 0.365; P ⫽ 0.031). It is
concluded that SH patients have slower HR kinetics in the transition
from rest to exercise compared with euthyroid women, with this
impairment being associated with lower levels of physical activity.

The transition from rest to exercise leads to heart and
metabolic changes necessary for the maintenance of homeostasis and other demands of the body (26). A faster increase in
heart rate (HR) can contribute to improve the performance
during exercise by increasing the oxygen supply to the muscles
and by reducing the peripheral muscle fatigue (2). This HR
variation, as a function of time, is given the name HR kinetics.
It can be represented by the mean response time (MRT), which
identifies the time taken to reach 63% of the HR at steady state
(32). In populations with different impairments, it was found
that the HR kinetics are slower (6, 19, 21, 30).
A study with SH patients showed lower HR variability, i.e.,
sympathovagal imbalance (9). The HR kinetics, in the transition from rest to exercise, are modulated by the vagal withdrawal with concomitant increased sympathetic activity (12);
therefore, one can assume that, in these patients, the HR
kinetics are shown to be impaired. Notwithstanding, no study
verified whether there are losses in the HR kinetics of these
patients. Therefore, the objective of this study was to investigate the behavior of the HR kinetics in SH patients during
exercise.

NEW & NOTEWORTHY Subclinical hypothyroidism patients have
slower heart rate kinetics in the transition from rest to exercise when
performing a constant-load exercise at 50 W.

Sample. The power calculation was performed using ␣ ⫽ 0.05,
␤ ⫽ 0.20, and an effect size of 0.994, being calculated from the mean
difference in O2 uptake (V̇O2), in accordance with a previous study
with SH patients (31), since data regarding HR kinetics using MRT
are not available. The sample size required would be of 17 participants
per group. In fact, 18 women with SH and 17 euthyroid women
(control group) took part in the study. The volunteers were recruited
in the Endocrinology Service of the Hospital and Maternity Therezinha de Jesus of the Faculty of Medical Sciences and Health of Juiz de
Fora (HMTJ-FCMS) and examined under the criteria for inclusion
and exclusion of the study.
The inclusion criteria for the SH group were as follows: female sex;
aged 20 – 60 yr; two TSH doses above the upper limit of the adopted
reference range (0.35– 4.94 IU/ml), with a minimum interval of 4 wk
between them; and free thyroxine (FT4) level within the reference
range (0.7–1.48 ng/dl). As for the control group, the criteria were as
follows: female sex; aged 20 – 60 yr; TSH and FT4 levels within the
reference ranges adopted; and negative anti-thyroperoxidase antibody
(anti-TPO). The exclusion criteria for both groups were as follows:
use of tobacco and/or drugs that could interfere with the thyroid
function, the HR or the blood pressure; cardiopulmonary disease; use
of levothyroxine; inability to perform physical exercises; or involvement in a regular exercise program.
All selected participants signed the Free and Informed Consent
Term (FICT), and the study was approved by the Research Ethics
Committee of the FCMS-SUPREMA (no. 0164/10).

aerobic exercise; cycle ergometer; mean response time; constant load
SUBCLINICAL HYPOTHYROIDISM (SH) is characterized by a thyroid
stimulating hormone (TSH) serum concentration above the
upper limit of the reference range and free thyroxine levels
within their reference values (28). The prevalence ranges from
4 to 20% (7), being more common in women, at any age group
(4). Despite being a subclinical condition, SH patients can
present various impairments, such as increased prevalence of
atherosclerosis and myocardial infarction (11), in addition to a
higher frequency of neuromuscular complaints, such as myalgia and weakness, and reduced muscle strength (22). Some of
the studies evaluating the tolerance to physical exercises found
that patients show impairment in performing these activities (5,
17, 31).
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Procedures. The participants were evaluated in five steps performed on different days. The first three steps occurred in the
HMTJ-FCMS for filling of the FICT and of the physical activity
assessment questionnaire, with subsequent blood drawn for hormone
assays and echocardiography, respectively. The fourth and fifth steps
were performed in the Motor Evaluation Laboratory of the Faculty of
Physical Education of the Federal University of Juiz de Fora. In the
fourth visit, the anthropometric assessment and two cardiopulmonary
tests of constant-load submaximal exercise were carried out, while
another test was performed in the last step. The average values of
these three tests were used in the study. All steps were performed at
intervals of 8 –12 days.
Hormone dosage, echocardiography, assessment of the physical
activity level, and anthropometry. The dosages of TSH, FT4, and
anti-thyroid hormones were measured using a third-generation chemiluminescent immunometric assay (Beckman Coulter, Access2). For
evaluation of the cardiac structure and function, an echocardiogram
was performed (Sonos 5500, Hewlett-Packard, Andover, MA), using
one- and two-dimensional echocardiography techniques, and pulsedand continuous-wave Doppler guided by color-flow mapping. Anatomical and functional data were obtained at rest with the use of a
3.5-MHz linear transducer, placed in the third or fourth left intercostal
spaces. The measurements were obtained and analyzed in accordance
with the standards of the American Society of Echocardiography (10).
The systolic function (systolic volume and ejection fraction) was also
evaluated. All readings were made by a single cardiologist, who was
unaware of which group the volunteer belonged.
Baecke questionnaire validated for Portuguese was used to assess
the physical activity level (8). The questionnaire evaluated the habitual physical activity in the previous 12 mo, regarding three components: physical activity at work (questions 1– 8), sport during leisure
time (questions 9 –12), and physical activity during leisure time and
transport (questions 13–16). Body mass and height were measured
using a stadiometer scale (Filizola).
Experimental protocol. In the 24 h before the performance of the
constant-load submaximal tests, the participants were asked to refrain
from all strenuous physical activity and from consuming alcohol or
caffeine. Before the first test, patients were familiarized with the
laboratory environment and with the cycle ergometer. An electromagnetic cycle ergometer (Ergo 167 Cycle®) was used, which allowed the
load to remain constant. The HR was continuously monitored through
a HR monitor (Polar). Systolic (SBP) and diastolic blood pressure
(DBP) were measured at rest, every 3 min of exercise, and 1 min after
completion of the test, using the auscultatory method (Narcosul,
1400-C). The subjective perceived exertion was informed by the
volunteer every minute of exercise, using the modified Borg scale
(CR10) (3). Participants attended the laboratory to carry out the
ergometric tests at the same time of the day, to avoid the influence of
the circadian rhythm.
Before each test, the volunteers remained seated on the cycle
ergometer, at rest, for 3 min, for the measurement of resting HR. Then
they cycled for 6 min at 60 rpm, keeping the constant load at 50 W.
Measurement of the HR kinetics. To measure the HR kinetics, a
monoexponential model and the least-squares method were used,
according to previous studies (12, 30, 31). For the calculation of the
HR kinetics, the following equation was used:
HR共t兲 ⫽ HRb ⫹ ⌬HR · 关1 ⫺ e

⫺共 t⫺Td兲 ⁄

兴

(1)

HR(t) is the HR to any point of time, while HRb refers to the HR
value immediately before the start of the exercise. ⌬HR indicates
the HR variation from the beginning to the end of the exercise, 
is the HR response time constant, and Td shows the delay time in
the HR response. The kinetics calculation was performed using the
sum of the delay time and the time constant, which is called MRT
(⫽ Td ⫹ ). In addition to these variables, the value of the
steady-state HR was also calculated, by the average values between
the 3rd and 6th min of exercise.

Statistical analysis. The Shapiro-Wilk test showed that all continuous variables presented normal distribution, except the TSH. For the
analyses that involved the TSH measurement, nonparametric tests of
Mann-Whitney and Spearman were used. The others continuous
variables were compared using the t-test for independent samples, and
Pearson’s correlation coefficient was used for the correlation between
variables. As for the categorical variables, 2 test was used. The effect
size was calculated by Cohen’s d, where the value of 0.2 was
considered as small, 0.5 was considered as average, and 0.8 was
considered as high (20). All analyses were performed using the
software SPSS 20 (IBM, Armonk, NY). The level of significance was
set at 0.05.
RESULTS

The SH group showed 44.4% patients with positive antiTPO and TSH levels higher than the control group (P ⬍
0.001). Nonetheless, the groups were similar with respect to
age, body mass index, FT4, physical activity level, menopause
status, and physical activity practice (P ⬎ 0.05) (Table 1).
At rest, the control and SH groups were similar for the
variables HR, SBP, DBP, ejection fraction, and systolic volume (P ⬎ 0.05). Yet, during exercise, no differences were
observed between the groups regarding steady-state HR, ⌬HR,
HR, SBP, and DBP measured at the end of the exercise (P ⬎
0.05); however, the SH group had higher MRT values (P ⫽
0.015, d ⫽ 0.86), which reveals slower HR kinetics during the
transition from rest to exercise compared with the control
group. There were also differences between the groups on the
Borg scale (P ⫽ 0.036, d ⫽ 0.74), which shows greater exertion perception of patients when carrying out the exercise
(Table 2). From a practical point of view, the effect size
suggests a difference of great magnitude on the HR kinetics,
and of medium magnitude on the exertion perception.
Figure 1 shows the HR kinetics in representative woman
from the SH group, and Fig. 2 shows the HR kinetics in
representative woman from the control group. The adjustment of HR data to the monoexponential curve proved to be
satisfactory for the SH and control groups (R2 ⫽
0.94 ⫾ 0.07 vs. 0.91 ⫾ 0.12).
The MRT correlated negatively with the physical activity
level (r ⫽ ⫺0.361; P ⫽ 0.033) and positively with the Borg
scale (r ⫽ 0.365; P ⫽ 0.031), but did not correlate with
ejection fraction (r ⫽ 0.155; P ⫽ 0.367), systolic volume
(r ⫽ 0.012; P ⫽ 0.943), TSH levels (r ⫽ 0.313; P ⫽ 0.067),
and FT4 levels (r ⫽ ⫺0.139; P ⫽ 0.427). When the level of
physical activity was controlled, no correlation was found
between MRT and TSH (r ⫽ 0.235; P ⫽ 0.180).
Table 1. Sample characterization
n
Age, yr
Level of physical activity
BMI, kg/m2
TSH, IU/ml
FT4, ng/dl
Status of menopause, no. “yes” frequence
Physical activity, no. “yes” frequence
Anti-TPO antibodies, no. “positive” frequence

SH Group

Control Group

P Value

18
39.7 (11.7)
6.9 (0.8)
26.3 (6.0)
6.9 (2.9)
0.96 (0.1)
3
4
8

17
38.8 (8.1)
7.5 (1.2)
27.2 (5.6)
2.3 (0.8)
0.98 (0.1)
4
6
0

0.805
0.109
0.620
⬍0.001
0.570
0.691
0.471
0.003

Values are means (SD), except for the categorical variables; n, no. of
subjects. BMI, body mass index; TSH, thyroid stimulating hormone; FT4, free
thyroxine; SH, subclinical hypothyroidism.
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Table 2. Hemodynamic variables during rest and exercise and HR kinetics in the transition from rest to exercise
n
Rest
Resting HR, beats/min
Resting SBP, mmHg
Resting DBP, mmHg
Ejection fraction, %
Systolic volume, ml
Exercise
HR at steady state, beats/min
⌬HR, beats/min
MRT, s
HR in the 6th min, beats/min
SBP in the 6th min, mmHg
DBP in the 6th min, mmHg
Subjective perception of exertion in the 6th min (Borg CR10)

SH Group

Control Group

P Value

18

17

78.8 (10.9)
114.9 (9.1)
74 (7.4)
70.1 (6.8)
73.7 (16.4)

80.5 (13.3)
109.2 (13.2)
70.3 (6.2)
71.6 (5.4)
73.9 (19.3)

0.685
0.147
0.121
0.465
0.979

119.9 (14.0)
41.1 (10.1)
48.5 (17.6)
124.1 (15.1)
138.8 (14.3)
76.2 (8.9)
2.8 (0.7)

119.5 (7.5)
38.9 (9.1)
36.0 (10.3)
121.8 (9.8)
135.1 (16.6)
75.1 (7.3)
2.3 (0.5)

0.906
0.516
0.015
0.597
0.485
0.674
0.036

Values are means (SD); n, no. of subjects. HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; MRT, mean response time; SH,
subclinical hypothyroidism.
DISCUSSION

The results showed that women with SH exhibit slower HR
kinetics during constant-load submaximal exercise compared
with euthyroid women. Such difference is highlighted by the
performance of the analysis of three different ergometric tests,
to minimize major confounding factors such as the adaptation
to the cycle ergometer and the impact of possible nutritional
influences or daily life in the 24 h preceding the test. This was
not done in different studies evaluating exercise in patients
with SH (1, 5, 17, 18). Moreover, as both groups had similar
levels of physical activity, the difference found for the HR

kinetics is not due to a condition other than the SH. Thus it is
possible that studies with larger sample sizes evidence that
higher TSH levels imply slower HR kinetics.
The transition from rest to exercise enhances the cardiac
contractility and the HR to meet the energy demands imposed
by the exercising muscles (25). This process is modulated by
the autonomic nervous system (23), and the delay in the HR
increase indicates impaired parasympathetic withdrawal and/or
sympathetic activation (1, 12), which only occurs in more
intense exercises (12). Previous studies have shown that, in
patients with SH, there may be impairment in both the para-

Fig. 1. Heart rate kinetics and its monoexponential fit in a representative woman of the
subclinical hypothyroidism (SH) group. This
participant had a mean response time (MRT) of
47.9 s.
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Fig. 2. Heart rate kinetics and its monoexponential fit in a representative woman of the control
group. This participant had a mean response time
(MRT) of 36.1 s.

sympathetic and the sympathetic activity (1, 9, 13, 16), in
addition to systolic and/or diastolic dysfunctions (13, 29),
which could explain the slower HR kinetics of that group.
The slower HR adjustment is responsible for increasing the
time required to reach the steady state, in addition to increasing
the oxygen deficit (12), the tissues’ need for blood while
performing the exercise (24), and the peripheral muscle fatigue
(2). These factors could trigger the lower tolerance of these
patients to exercise, which has been shown by some studies (5,
14, 17, 18, 31), although not all patients show the same pattern
(1, 27). This incongruity can be due to the fact that not all
studies match the SH and control groups with respect to
intervening variables, or still to the differences in the duration
or intensity of the exercise in the protocols used. In our study,
as there was control of the variables possibly related to the
HR kinetics, the result is due to the SH. The evaluation of
the HR kinetics has outstanding importance, since it has
been shown that the slower increase in HR during the
beginning of the exercise is associated with increased mortality from all causes (15).
Diabetic patients who exercised at 30 W for 7 min in a cycle
ergometer showed HR kinetics of 40.7 s (21), which is quite
close to that found for patients with SH. Another study, with
patients who had received abdominal organ transplants, found
a MRT of 41 s during a 6-min walk test (30). Yet morbidly
obese women showed HR kinetics slower than that presented
by patients with SH. Notwithstanding, 4 mo after gastric
bypass surgery and without physical training, the MRT was
reduced to 41 s (6). Together, these data indicate that losses in
the HR kinetics of SH patients are comparable to those of other
clinical populations. In addition, the effect size of 0.86 shows

that ~80.5% of patients showed kinetics slower than the average of the control group, and that 33.3% of patients had HR
kinetics values unlikely to be achieved by women in the control
group.
The correlation between the physical activity level and the
V̇O2 kinetics is established in the literature and has been shown
in patients with SH (31). Nonetheless, the correlation of the
physical activity level with the HR kinetics had not been shown
for this group and indicates that more active individuals have
faster kinetics. Thus physical training can be an effective
measure to improve the HR kinetics in patients with SH. The
correlation of the V̇O2 kinetics with the TSH levels has also
been shown, including after controlling for the physical activity level (31). In the present study, however, the HR kinetics
were not associated with the TSH, regardless of the control of
the physical activity level. Nevertheless, the value found for
the correlation between MRT and TSH (r ⫽ 0.313; P ⫽ 0.067)
reveals a moderate effect size, and the P value is close to the
significance level of 5%.
The highest values obtained by the patients in the Borg scale
show that they subjectively identified the need to make greater
efforts to perform the exercise, although physiologically there
is no difference. The values are comparable to those obtained
by another study in patients with SH (31). The effect size of
0.74 indicates that ~77% of the patients had higher values of
subjective perceived exertion than the average of the control
group, and that 28.9% of the patients had values of subjective
perceived exertion improbable to be achieved by women in the
control group.
The values of HR, SBP, and DBP, at rest, were similar
between the groups, which corroborates previous findings that
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verified no impairment in the hemodynamic variables at rest (1,
5, 27, 31). During the exercise, there was also no difference
between groups for the hemodynamic variables, which has
been shown previously (1, 17, 31). These results suggest that
the SH does not influence both resting and exercise hemodynamics. However, in the transition from rest to exercise, the
increase in HR is slower for the SH group. The limitations of
this study are due to the sample being composed only of
women, with no assessment of the cardiac output, of the
autonomic function, and of other variables that may contribute
to the impairment of the HR kinetics.
Conclusion. The HR kinetics of SH women are slower in the
transition from rest to constant-load submaximal exercise compared with that of euthyroid women. Furthermore, the kinetics
are shown to be inversely correlated with the physical activity
level and directly correlated with the perceived exertion.
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