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Pulmonary consequences of
hypothyroidism

Samiaa Hamdy Sadek, Walaa Anwar Khalifa', Ahmad Metwally Azoz

Abstract:

BACKGROUND: Although hypothyroidism has an insidious onset and relatively asymptomatic,
exertional dyspnea and fatigue can be the presenting complaints.

OBJECTIVES: The aim is to assess functional lung impairment in hypothyroid patients both at rest
and during exercise.

METHODS: A case-control study was carried out on 42 patients with newly diagnosed hypothyroidism
and 12 control subjects. Hypothyroidism was diagnosed based on high value of thyroid stimulating
hormone (TSH) =6 plU/ml, and low value of free thyroxin (FT4) <0.8 ng/dl, both groups had
chest X-ray, spirometry, diffusing capacity of the lungs for carbon monoxide (DLCO), arterial blood
gases (ABGs) and symptom-limited exercise testing using treadmill.

RESULTS: Both groups were comparable as regard age, sex, and body mass index. Although ABG
and spirometry were within normal in both groups, forced vital capacity %, and forced expiratory
flow (FEF,, ) % were significantly reduced in the hypothyroid group (P=0.014, 0.000, respectively),
DLCO significantly reduced in hypothyroidism (P = 0.005). As regard exercise testing parameters,
maximum oxygen consumption %, minute ventilation, tidal volume, and oxygen pulse were significantly
reduced in hypothyroidism (0.005, 0.000, 0.000, and 0.02 respectively). TSH significantly negatively
correlated with forced expiratory volume in 1 s %, FEF,__ ..%, and DLCO while they significantly
positively correlated with FT4.

CONCLUSION: Even with the presence of normal chest X-ray, arterial blood gases, and spirometry
in patients with hypothyroidism DLCO and exercise testing parameters can be significantly reduced.
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hyroid hormones play a critical role in

regulating the function of different systems
of the human body including cardiovascular,
respiratory, renal, homoeostasis, vascular
tone, and central nervous system through their
effect on metabolism."! Hypothyroidism is a
common clinical problem with its prevalence
in communities with deficientiodine 1%—2%,
and it is ten times higher in women as
compared to men.?”! Hypothyroidism has
wide range of respiratory consequences
ranging from mild dyspnea up to overt
respiratory failure.’! Dyspnea associated
with hypothyroidism most probably related
to a limited ventilator and cardiac reserve,
in addition to decreased inspiratory and
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expiratory muscle strength.!*! Respiratory
failure and difficult weaning from mechanical
ventilation secondary to hypothyroidism
are attributed to impaired ventilator derive
to hypoxemia and hypercapnia in addition
to respiratory muscle weakness.®! Even in
asymptomatic patients with hypothyroidism
respiratory system can be dangerously
and insidiously affected, many studies
investigated the effect of hypothyroidism on
pulmonary function and effect of hormone
replacement therapy.l*”! Some of these
studies documented decreased pulmonary
function in hypothyroidism which improved
with hormonal replacement. In addition,
a number of studies had investigated the
effect of hypothyroidism on exercise capacity,
and they documented impaired exercise
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tolerance.®”! We carried out the present study aiming to
detect the effect of thyroid hormones deficiency in newly
diagnosed patients on pulmonary functions both at rest
and during maximal exercise testing. Also to detect if there
is a correlation between the level of thyroid hormones and
pulmonary function parameters.

Methods

This is a case-control study which took place between
December 2015 and December 2016 in tertiary Hospital.
Forty-two patients were recruited from the outpatient
Endocrine Clinic; they were newly diagnosed with
hypothyroidism and treatment naive. Hypothyroid
patients were diagnosed based on the presence of
elevated serum thyroid stimulating hormone (TSH)
levels, free thyroxin (FT4) values below the reference
range (Diagnostic Products Corporation Kit criteria:
TSH >6.0 WU /mL, FT4 <0.8 ng/dl).l% Twelve age- and
sex-matched healthy volunteers also were included
in the present study as a control group. The inclusion
criteria were patients aged 20-50 years. Excluded
patients include a history of smoking, systemic disease,
any respiratory disorder or respiratory symptoms, the
presence of goiter, pregnancy, use of drugs that could
influence thyroid function, diagnosed cardiac diseases
or systemic arterial hypertension, and the presence of
any of contraindication of exercise testing.

Informed written consents were obtained both from
patients and healthy volunteers; this study was approved
by the Ethics Committee of Faculty of Medicine.

All participants were subjected to the following:

¢ Complete medical history and physical examination
and patients with respiratory or cardiac symptoms or
signs or other systemic diseases were excluded from
the study

® Chest X-ray for the exclusion of any undiagnosed
respiratory problem

¢ Electrocardiogram for the exclusion of occult cardiac
problem

e Arterial blood gases (ABGs) on room air at rest
were obtained from all participants by radial artery
puncture and analyzed using blood gases analyzer
(Rapid lab 850; CHIRON/Diagnostics; critical care
systems) with the calculation of PaO,, SaO,, and PaCO,

* Resting pulmonary function tests (PFTs), including
spirometry and diffusing capacity of the lungs
for carbon monoxide (DLCO) measured using
single breath method using (D 97723; Zan 300,
Oberthulba, Germany) where each of the following
were measured (forced expiratory volume in
1 s [FEV,]/FVC, FVC%, FEV %, forced expiratory
flow [FEF,; ] %, and DLCO corrected for hemoglobin
concentration)

¢ Symptom-limited maximal exercise testing on
treadmill using (Cosmed SrL, Quark PFTs ergo, P/N
C09035-12-99, made in Italy).

Gas exchange values and exercise parameters were
collected using breath-by-breath methods. The following
parameters were measured oxygen consumption (VO,),
carbon dioxide output (VCQO,), minute ventilation (VE),
tidal volume (VT), respiratory rate (respiratory
frequency), the anaerobic threshold, oxygen pulse
(VO,/HR), and the breathing reserve (BR). The test was
considered to be maximal when reaching any of the
following a plateau of VO,, R (VCO,/VO, respiratory
quotient) =1.1, maximal heart rate (HR), or maximal
dyspnea score according to Borg scale =9.1""12I Protocol
for exercise testing included four stages resting stage,
warm up stage, exercise testing stage, and recovery stage
during each stage systolic and diastolic blood pressure
were measured. Different exercise testing parameters
were recorded at peak VO,.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (IBM Corp. Released
2011. IBM SPSS Statistics for Windows, Version 20.0.
IBM Corp., Armonk, NY) software. The results were
expressed as means + standard deviation or frequencies.
Independent Student’s t-test was done for comparison
between patients and controls. Pearson’s correlation
analysis was used to evaluate the correlations between
pulmonary function parameters and level thyroid
hormones parameters in hypothyroid patients, P < 0.05
were considered statistically significant. Microsoft Excel
was used for performing graphic illustrations.

Results

Our hypothyroid patients had neither respiratory
complaint nor abnormal physical examination, and
their chest X-rays were normal. As regard demographic
data of our participants, there were no significant
differences between hypothyroid patients and control
group with respect to age, sex, and body mass index
[Table 1]. TSH significantly increased in the hypothyroid
group compared to healthy volunteer (P = 0.000*), on
the other hand, FT4 significantly reduced in patients
(P = 0.014*) [Table 2]. By comparing resting PFTs and
ABG between hypothyroid patients and control group
there were no significant differences as regard ABG,
although FVC% was within normal range in both
groups, it was significantly reduced in hypothyroid
patients (P = 0.014*), also DLCO was significantly
reduced in hypothyroid patients (P = 0.005%). Exercise
testing parameters showed that each of VO,, VCO,,
VE, VT, and VO,/HR were significantly reduced
in hypothyroid patients while the BR, and HR
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reserve were significantly increased in hypothyroid
patients [Tables 3 and 4]. FEV %, and DLCO were
significantly negatively correlated with TSH (r = —0.424;
P =0.039, r = -0.566; P = 0.004, respectively),
while they were significantly positively correlated
with FT4 (r = 0.584; P = 0.005, r = 0.457; P = 0.025,
respectively) [Figure 1].

Table 1: Demographic data of the study groups

Variable Hypothyroid group (n=42) Control (n=12)
Age (years) 35.8+10.9 35+9.5
Sex, n (%)
Male 8(19.04) 2 (16.66)
Female 34 (81.96) 10 (83.33%)
BMI 32.5+9.5 26.7+4.9

Data are expresses as mean+SD or n (%). SD = Standard deviation,
BMI = Body mass index

Table 2: Laboratory data of controls and hypothyroid

patients

Parameters Hypothyroid (n=42)  Control (n=12) P
FT3 (ng/dL) 1.73+0.68 1.9+0.1 NS
FT4 (ng/dL) 0.64+0.26 0.65+0.11 0.014*
TSH (plU/mL) 47.77+36.58 1.563+0.57 0.000*

Data are expresses as mean+SD. *P<0.05 is significant. NS = Not
significant, SD = Standard deviation, TSH = Thyroid stimulating hormone,
FT4 = Free thyroxine, FT3 = Free triiodothyronine

Table 3: Resting pulmonary function test and arterial
blood gases in hypothyroid and control group

Parameters Hypothyroid (n=42) Control (n=12) P
FEV, (%) 101.23+£17.7 101.33+13.8 NS
FVC (%) 90.67+14.36 95.43+14.58 0.014*
FEF,, . (%) 99.9+29.06 135.33+2.3 0.000*
FEV,/FVC 90.67+7.5 94+2.6 NS
DLCO (%) 52.05+16.9 84+11.53 0.005*
PaO, (mmHg) 97.59+10.5 98.33+0.58 NS
PaCO, (mmHg) 34.87+4.34 31.66+6.5 NS
*Significant. FEV, = Forced expiratory volume in 1's, FVC = Forced vital capacity,
FEF,, ., = Forced expiratory flow, DLCO = Diffusing capacity of the lungs for

carbon monoxide, PaO, = Arterial partial pressure of oxygen, PaCO, = Arterial
partial pressure of carbon dioxide, NS = Not significant

Table 4: Exercise testing parameters in hypothyroid
and control group

Parameters Hypothyroid (n=42)  Control (n=12) P
VO, % 62.22+20.09 100+13.22 0.005*
VO, (mL/min) 1366.72+360.21 2511.66+728.33  0.005*
VCO, (mL/min) 1410.51+£291.64 2519+538.45 0.000*
AT (%) 54.79+12.99 67.67+2.52 NS
BR (%) 62.47+10.58 39.33+3.06 0.001*
VE (L) 38.94+8.91 69.27+6.93 0.000*
VT (L) 1.05+0.27 2.18+0.39 0.000*
VO,/HR (%) 89.57+29.57 131.33+7.09 0.02*
(mL/beat)

HR (beats) 134+283.06 139.67+4.5 NS
HRR (beats) 24.37+10.86 18.33+1.53 0.04*

VO, = Oxygen consumption, VCO, = Carbon dioxide output, AT = Anaerobic threshold,
VE =Minute ventilation, BR = Breathing reserve, VT = Tidal volume, VO /HR = Oxygen
pulse, HRR = Heart rate reserve, NS = Not significant, HR = Heart rate, *Significant

Discussion

It is uncommon for hypothyroid patients to be
first presented with respiratory manifestations.!"”
Hypothyroidism usually has an insidious onset and
usually asymptomatic.'® These findings in agree with
our finding while studying forty-two newly diagnosed
hypothyroid patients we observed that they had no
respiratory symptoms, their chest X-ray were normal,
and their ABG were normal and comparable to control
group. On performing spirometry and DLCO we
observed that FVC%, FEF,, . %, and DLCO significantly
reduced in hypothyroid patients compared to control
group (P = 0.014*, 0.000%, 0.005* respectively). Roel
et al." in accordance with our results they observed that
both FVC and FEV, reduced in hypothyroid patients
compared to control, but only FVC was significantly
reduced. Also each of Valjevac et al."®, and Cakmak
et al® reported that FVC, FEV,, FEF, ., significantly
reduced in hypothyroid patients compared to control
group, moreover Cakmak et al.?! also observed that
DLCO was significantly reduced in hypothyroid
patients. In addition, Bassi et al.'! while studying the
effect of thyroid hormone replacement on respiratory
function in hypothyroid women, they observed that
FEV,, FVC, and FEF significantly reduced in untreated
hypothyroid women compared to euthyroid controls
and treated hypothyroid patients. Bassi et al.l']
explained these changes by alveolar hypoventilation
secondary to respiratory muscle weakness, depressed
respiratory center, limitation of neuromuscular
transmission as a result of low FT4, and also decreased
lung elasticity and increased work of breathing. van
Tuyl et al. and Husain and Kumar!”'®! also reported
that reduced lung compliance and reduced surfactant
phospholipid, phosphatidylglycerol, and phosphatidic
acid in addition to reduced lung elasticity as a
result of mucopolysaccharide deposition in the lung
lead to reduced ventilatory function of the lungs.
Furthermore, Roel et al.m! attributed spirometric changes
in hypothyroid patients to the reduced level of FT4 and
subsequent hypoventilation and weakness of inspiratory
muscle. By performing correlation study, we observed
that FEV %, and DLCO were significantly negatively
correlated with TSH (r = —0.424; P = 0.039, r = —0.566;
P =0.004, respectively), whereas they were significantly
positively correlated with FT4 (r = 0.584; P = 0.005,
r=0.457; P = 0.025, respectively) [Figure 1]. Roel et al.l']
supported our results; they observed a negative and
positive correlation between spirometric parameters
and each of TSH, and FT4, respectively. In addition,
Bassi et al.l'! observed significant negative correlations
between TSH and FEV % in untreated hypothyroid
patients. As regard exercise capacity we observed
impaired exercise capacity in hypothyroid patients
with significantly low each of the following, VO,, VCO,,
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Figure 1: Correlations between thyroid hormones level and pulmonary function parameters

VO,/HR, VE, and VT. Many studies had supported our
results,® Biondi et al."”! demonstrated that hypothyroid
patients under levothyroxine treatment had impaired
exercise capacity, in addition, Caraccio et al.®! while
studying “muscle metabolism and exercise tolerance
in subclinical hypothyroidism: a controlled trial of
levothyroxine” observed significant exercise intolerance
in hypothyroid patients secondary to Hashimoto’s
thyroiditis compared to control individuals. Ittermann
et al ™ disagree with our results they documented that
thyroid dysfunction not related to either pulmonary
function or to cardiopulmonary exercise capacity. This
discrepancy between this study and our study may be
attributed to that we had studied a group of patients
with overt hypothyroidism, meanwhile Ittermann et al.[*’}
studied a population-based sample, so this discrepancy
is related to different study populations. In addition,
Mainenti et al.*! observed improvements in VE, VO,
and HR at submaximal intensity of exercise in treated
hypothyroid patients compared to untreated subjects,
and so they may support our results.

Thyroid hormones are determinants of the metabolic
and contractile phenotype of skeletal muscles, and so
they modulate the function of mitochondria.?” Thyroid
hormones activate production of adenosine triphosphate

Annals of Thoracic Medicine - Volume 12, Issue 3, July-September 2017

with subsequent increasing mitochondrial respiration, so
reduction of these hormones associated with impaired
efficiency of oxidative phosphorylation. Changes in
mitochondrial metabolism in hypothyroidism resulting
changes in structure and biochemistry of skeletal,®!
which may play a role in exercise intolerance in these
patients.

Several studies reported delayed VO, recovery after
exercise in patients with hypothyroidism compared to
healthy controls, where VO, kinetics was 23% slower in
hypothyroidism group compared to the control group.
This in turn resulting in greater metabolic cost to perform
repeated tasks and significant impairment of daily living
tasks.[2+27]

Conclusion

Hypothyroidism has a significant effect both in resting
PFTs and exercise testing parameters even in its early
stages, so we recommend early intervention in cases of
hypothyroidism with strict observation of pulmonary
function and exercise tolerance.

The strength of the study is that our patients were
newly diagnosed with overt hypothyroidism with nil
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thyroid replacement therapy, our patients had no other
comorbidities, and hence pulmonary exercise effects
were solely related to low thyroid hormones level.
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