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To investigate thyroid function in chronic obstructive pulmonary disease (COPD), 46 consecutive patients (35 men) with
stable, mild-to-severe disease, having a mean (SD) age of 67 + 7 years were studied. All subjects underwent pulmonary
function tests (PFTs), arterial blood gas determination, and measurement of serum total thyroxine (TT4), total triiodothyro-
nine (TT3), resin T3 uptake (RT3U), reverse triiodothyronine (rT3), and thyroid-stimulating hormone (TSH) levels. The free
thyroxine and free triiodothyronine indexes (FT4l = RT3U/30TT4 and FT3l = RT3U/30TT3, respectively) along with the
TT3/TT4 ratio were calculated; the latter was used as a marker of peripheral conversion of thyroxine into triiodothyronine.
Interleukin (IL)-6 was also measured to evaluate its potential associations with thyroidal hormone levels. On the basis of
forced expiratory volume in 1 second (FEV,), patients were divided in 2 groups: group 1, (FEV, = 50% of predicted, n = 26),
with mild-to-moderate COPD and group 2 (FEV, < 50% of predicted, n = 20) having severe disease. All subjects had normal
serum thyroid hormone levels; for the entire COPD population, mean values were 7.80 + 1.60 ug/dL for TT4, 1.12 = 0.20
ng/mL for TT3, 29.0 = 1.88 for RT3U, 7.54 = 1.34 for FT4l, 1.07 + 0.16 for FT3I, 18.71 = 5.89 ng/dL for rT3, and 1.15 = 0.6 pU/mL
for TSH. Mean TT3/TT4 ratio was 0.14 = 0.03. In group 1, TT3, TT4, and TT3/TT4 ratio did not correlate with age, FEV,, PaO,,
or inhaled corticosteroids. Similarly, in group 2, TT3 and TT4 were unrelated to the above-mentioned variables; however,
there was a strong positive correlation between TT3/TT4 ratio and PaO, (r = .61, P = .004). IL-6 was within normal limits in
all subjects, and it did not correlate with any thyroid hormone either in group 1 or in group 2. It is concluded that in stable
COPD, severity of disease through hypoxemia is important in determining the peripheral metabolism of thyroid hormones.
Whether this constitutes an adaptation is not known.
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BNORMALITIES IN THYROID hormone regulation are factors determining thyroid function in COPD patients having
encountered frequently in nonthyroidal illness (NTI); different degrees of functional impairment, and examine the

these include normal or decreased total and free thyroxine (TT4otential associations between IL-6 and thyroidal hormone
and FT4 respectively), decreased total (TT3) and free (FT3Jevels in such subjects. Thyroid function was studied by mea-
triiodothyronine along with usually normal thyroid-stimulating suring serum concentrations of TT4, TT3, resin T3 uptake
hormone (TSH) levels. These changes have been observd®T3U), reverse triiodothyronine (rT3), and TSH levels, and by
primarily in critical illness, such as starvation, sepsis, surgery calculating the free thyroxine and free triiodothyronine indexes
or myocardial infarctiort;2 but also in diverse chronic, sys- (FT4l and FT3I, respectively) along with the TT3/TT4 ratio;
temic conditions, ie, in chronic heart failuteshronic liver or  this ratio was used to examine the peripheral conversion of
hematologic diseases, cancer, diabétegnd in connective thyroxine into the metabolically active thyroid hormone, T3.
tissue disorders. Furthermore, serum hormone levels have
been found to closely correlate with severity of the underlying MATERIALS AND METHODS
condition, both in acute and chronic situatidrfs. Patients

Thyroid function in Chronl(_: obs.tructlv.e pulmonary dlseasg Forty-six consecutive patients (35 men) with stable COPD, having a
(COPD) has not been extensively investigated. Previous studie§q,p, (SD) age of 67- 7 years were enrolled in the present study.
have focused primarily either on patients during acute exacermcjusion criteria for COPD were those of the European Respiratory
bations or only on those with severe airflow limitation. These society consensus statenént(1) symptoms of chronic bronchitis,
studies demonstrated absent or delayed TSH responses to agkfined by the presence of chronic or recurrent increases in bronchial
ministered thyrotropin-releasing hormone (TRH) in a small secretions, present on most days for a minimum of 3 months a year, for

number of subjects, suggesting a certain degree of thyroidt least 2 consecutive years, not attributed to any other pulmonary or
dysfunction in COP:” cardiac disease; (2) evidence of airway obstruction, ie, forced expira-

The uniform expression of thyroid hormone alterations intoryvolume in 1 second (FEY less than 80% of predicted and reduced

NTI despite the heterogenous nature of the underlying diseas Va toforced vital cafacity (EE)/FVQ) ratio; (3) no improvement in
has been associated with the activation of the inflammatory Vi of more than 10% after inhalation of 2 salbutamol. Exclu-
cytokine systent:2 Tumor necrosis factor alpha (TN and

interleukin (IL)-1, being proinflammatory mediators, induce
the release of IL-6 from monocytes/macrophages, and all 3 From the Department of Pulmonary and Critical Care Medicine,
have been shown to modulate thyroid hormone metabolism inEvangelismos” General Hospital, Athens; and the Endocrine Unit,
vivo and in vitro%.10 Moreover, IL-6 serum levels have been “Evgenidion” Hospital, University of Athens Medical School, Athens,

. - Greece.
shown to be strongly inversely correlated with both TT3 and . )
the TT3/TT4 ratio in children with NTH.12 Submitted November 14, 2000; accepted June 4, 2001.
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To further clarify thyroid function in COPD, we studied a ¢, st, 14 561 Kifissia, Athens, Greece.

large number of stable patients, having a wide range in degree copyrighte 2001 by W.B. Saunders Company
of airflow obstruction. The objectives of the current study were 0026-0495/01/5012-0018%$35.00/0
to assess the occurrence of thyroid dysfunction, investigate doi:10.1053/meta.2001.28157
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sion criteria were: (1) treatment with oral glucocorticoids or with any or x? analysis where appropriate. The relationships between the various
other drug known to affect thyroid function, such as amiodarone orparameters were assessed separately in group 1 and group 2 patients by
iodine-containing contrast medié2) recent (within the last 3 months) computing Pearson Product-Moment correlation coefficients. Bonfer-
acute exacerbation; (3) clinical evidence of thyroid disease; (4) coexfoni correction for multiple correlations was applied, thus setting sta-
istence of other diseases altering thyroid function te3#ll patients tistical significance aP ~ .00415 All analyses were performed using
were current or ex-smokers. Of the 46 patients, 38 were receivinga commercial software package (Sigmastat; Jandel, San Rafael, CA).
bronchodilators, which consisted of inhal8d agonists (37 patients),
inhaled anticholinergics (19 patients), and/or oral theophylline (15 RESULTS
patients). Twenty-five patients were on anti-inflammatory drugs (in'PFTs and Arterial Blood Gases
haled corticosteroids); 10 patients received budesonide, 8 fluticasone,
and 7 beclomethasone. The mean dose of inhaled corticosteroids was For the entire group of COPD patients, mean values for
924 + 457 ug/d (range, 400 to 2,00Qg/d). Only 1 patient was on FVC, FEV,, and FEV{/FVC were 75%=* 18% of predicted,
2,000 pg/d, while the maximum dose in the remaining patients was53% = 18% of predicted, and 54% 12%, respectively. In all,
1,500 pg/d. Nutritional status was adequate, mean body mass indexexcept 2 patients, FEYFVC ratio was below 70%; in these 2
(BMI) being 25.7:+ 3.4 kg/nf. subjects, FEY was below 80% of predicted, suggesting mild
The study was approved by the institutional committee on humanairway obstruction. FEY increased by 5 1% following in-
research, and informed consent was obtained from all subjects. halation of a bronchodilator. Regarding arterial blood gases,
COPD patients as a group had mildly reduced P&vels
Protocol (mean Pa@= 73 = 18 mm Hg), but PaCOwas within normal
Pulmonary function tests.Pulmonary function tests (PFTs) (spi- limits (mean PaC@ = 42 = 5 mm Hg). Three subjects had
rometry and flow-volume loop) were performed on a MasterScreenrespiratory failure (Pag 56, 57, and 59 mm Hg, respectively),
Diffusion system (E. Jaeger, Wuerzburg, Germany). Spirometric indi-and 10 had mild hypercapnia (Pag@nge, 46 to 53 mm Hg).
ces were calculated from the best of 3 satisfactory efforts, defined as the There were 26 patients in group 1 (mild-to-moderate COPD)
effort associated with the highest sum of FVC and FEBoth FVC and 20 subjects in group 2 (severe COPD). The 2 groups were
and FEV, were expresseed as percent of the predicted according to thﬁlell matched for age, gender, smoking habits, and inhaled

European Guidelines. corticosteroids (Table 1). Although there were no significant

On the basis of FEY, patients were divided in 2 groups: group 1, . . . . .
with an FEV, = 50% of predicted, having mild-to-moderate COPD, differences in height and weight in our 2 groups of COPD

and group 2, with an FEVless than 50% of predicted, having severe Pati€nts, group 1 patients had a higher BMI compared with
COPD. group 2 patients. Taking BMI into consideration, both groups

Arterial blood gases. Arterial blood was obtained from the radial Were classified as overweight, but not obese. Results of PFTs
artery while patients were breathing room air for at least 30 minutesand arterial blood gases for the 2 groups are given in Table 2.
and the samples were analyzed for BaRaCQ, and pH with a blood  As expected, group 2 patients had significantly lower values for
gas analyzer (Ciba Corning 238 pH/Blood Gas Analyzer; Ciba Corningr\/C, FEV,, and FEV//FVC ratio. Mean PaC@was higher in

Diagnostics Ltd, Essex, UK). . group 2 patients, but PgQvas comparable in the 2 groups.
Thyroid function assays.Serum levels of TT4 (sensitivity, 0.03

ng/dL; interassay coefficient of variation [CV], 3.6% to 4.7%; intra- Thyroid Function Tests

assay CV, 2.6% to 3.2%; normal values, 5 to 12@dL) and TT3 .

(sensitivity, 0.10 ng/mL; interassay CV, 3.2% to 4.9%; intra-assay cv, N all patients TT4, TT3, TSH, FT4l, FT3I, and rT3 levels
1.6% to 3.7%; normal values, 0.5 to 1.75 ng/mL) were measured byV€re within normal limits; mean values and corresponding
radioimmunoassay methods (Amerlex-M; Ortho-Clinical Diagnostics, ranges for the entire group of COPD subjects are shown
Amersham, UK). Measurement of serum TSH was performed with anin Table 3. Mean calculated serum TT3/TT4 ratio was
immunoradiometric assay (Clinical Assay Gammacoat hT$A 0.14+ 0.03 (range, 0.09 to 0.21).

IRMA Kit; Incstar, Stillwater, MN; sensitivity, 0.0ldU/mL; interas- In group 1 patients’ there were no Significant correlations

say CV, 4.0% to 5.7%; intra-assay CV, 3.1% to 3.3%; normal values phetween TT4 levels and age € .08, P = .60), FEV,% of
0.30 to 3.70ulU/mL). Reverse T3 was measured with radiommuno- predicted ( = .02, P = .90), PaQ (r = .21, P = .16), or

assay (r'T3 RIA; Biocode Biotechnology, Ige, Belgium; sensitivity, inhaled corticosteroids' (= .04,P = .76)_. Similarly, TT3 and

0.5 ng/dL; interassay CV, 3.9% to 6.9%; intra-assay CV, 3.0% to 6.1%,; o L .
normal values, 15 to 35 ng/dL). The resin T3 uptake (RT3U) W€J‘STT3/TT4 ratio did not correlate significantly with the above-

determined with our in-house assay (interassay CV, 1.4% to 1.9%;
intra-assay CV, 1.2% to 1.8%) described elsewhérehe FT4l &
RT3U/30TT4, normal values 5.0 to 12.8), the FT31 RT3U/30TT3, Table 1. Patient Characteristics According to Severity of COPD
normal values, 0.5 to 1.75), and the ratio of TT3 to TT4 (TT3/TT4) _ B
Group 1, n = 26 Group 2, n = 20

were calculated. (FEV; = 50% pred) (FEV; < 50% pred) P Value

Cytokine assays. Serum IL-6 was measured with an enzymoimmu-
nometric assay (Quantikine HS human IL-6 immunoassay; R&D Sys-
tems, Oxon, England; sensitivity, 0.094 pg/mL; interassay CV, 6.7% to

Age (yr)* 67+ 6 68 + 8 NS
Gender (M/F) (n) 19/7 16/4 NS

29.5%; intra-assay CV, 3.8% to 11.1%; normal values, 0.38 to 10.10 BX/eurrent smokers (n) 26 20 NS
pg/mL). All blood samples were obtained on the same day with PFTs. "eight (ka)* 761 70 =14 NS

Statistical analysis. Data are presented as mean vatustandard ~ He19"t (sz)* 162 +7 163 =7 NS
deviation of the mean unless otherwise stated. The normalcy of theE™! (kg/m )*_ 28.8 £ 3.3 26.0 = 4.2 .02
distributions of the measured or calculated variables was validated with'""a'ed steroids (n) 16 1 NS

the Kolmogorov-Smirnov test. Comparisons between group 1 and * Mean = SD.
group 2 patients were performed by using unpatresst, Fisher exact, Abbreviation: NS, nonsignificant.
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Table 2. PFTs and Arterial Blood Gases According to Severity 0.3 T T
of COPD
Group 1, n = 26 Group 2, n = 20
Variable (FEV, = 50% pred) (FEV4, < 50% pred) P Value
FVC (% pred) 86 = 14 61 +13 <.001
FEV, (% pred) 66+ 9 35+ 10 <.001
FEV,/FVC (%) 61+9 45 11 <.001 0.2 - 7
Pa0, (mm Hg) 75+ 8 71+9 10 S
PaCO, (mm Hg) 40 = 4 44 + 5 .002 i
pH 7.42 = 0.03 7.41 = 0.03 .33 2
NOTE. Mean + SD. =
Abbreviations: FVC, forced vital capacity; FEV,, forced expiratory
volume in 1 second; FEV,/FVC, forced expiratory volume in 1 second 0.1 ]
to forced vital capacity ratio; PaO,, arterial oxygen tension; PaCO,,
arterial carbon dioxide tension.
mentioned variables. The correlations of BMI versus PaG- 0.0 | | | |
-43,P = .03) and TT3/TT4 ( = -.17, P = .40) were also 50 60 70 30 90 100
nonsignificant.
In group 2 patients, there were no significant correlations Pa0, (mmHg)

between TT4 or TT3 and age, FEMPaQ, or inhaled cortice

steroids. In contrast, a highly significant positive correlation Fig 1. Correlation between TT3/TT4 ratio and PaO, in patients
between TT3/TT4 ratio and PgQvas found { = .61,P = with severe COPD, ie, in those with an FEV, below 50% of predicted
.004) (Fig 1). TT3/TT4 did not correlate with age, PFTs, or (r= ..61, P= .904, n= 20). Regression.line and corresponding 95%
inhaled steroids. Similarly, there was no relationship betweerPredicted confidence interval (Cl) are displayed.

BMI and PaQ or TT3/TT4.

Cytokine Assays h_ave been well docume_nted in several agute and/or chronic
o ] disease states, and multiple, complex, and incompletely under-
IL-6 was not normally distributed. Median IL-6 was at 3.30 gto0d mechanisms have been implicated in their pathogene-
pg/mL, lower and upper quartiles were at 2.00 and 5.30 pg/mLgjs1-5 Regarding thyroid function in COPD, limited informa-
respectively, while minimum and maximum values were attjon exists, as most available studies have been performed on a
1.20 and 100.00 pg/mL, respectively. IL-6 was not significantly sma|, selected series of patients, mainly on those with severe
correlated to any thyroid hormone studied, neither in group lgisease. Semple et'8imeasured serum TT3 and TT4 levels in
nor group 2. 16 patients with stable COPD having a mean EB¥low 40%
of predicted and did not find any differences among hypercap-
nics, normocapnics, and controls. In a subsequent study, the
We sought to investigate thyroid function in patients with same investigators performed TRH stimulation tests in 8 hy-
stable COPD, presenting a spectrum in disease severity, 8soxic, stable patients (mean Pa@9 mm Hg), with severe
indicated by the various degrees of airway obstruction. WecOPD (mean FEY 34% of predicted) and demonstrated that
found that all of our subjects had normal values for restingtheir resting thyroid hormone levels were normal, and that only
therId hormones. However, in severe COPD, a certain degreg isolated patients showed a de|ayed TSH response; it was
of thyroid dysfunction was evident, ie, the peripheral conver-therefore concluded that, at most, hypoxemia causes a very
sion of thyroxine into the principal biologically active hor- minor change in the hypothalamic-pituitary-thyroid (HPT) axis
mone, triiodothyronine, was a function of oxygenation level. gzt the hypothalamic-pituitary (central) leveGow et af inves-
Alterations in circulating thyroid hormone concentrations tigated thyroid function in 20 patients with exacerbations, hav-
ing severe COPD (highest FEM0% of predicted). There were
comparable basal concentrations of thyroid hormone levels in

DISCUSSION

Table 3. Thyroid Function Tests in all COPD Patients (n = 46) COPD patients and controls, and in addition, only 3 elderly
Variable Mean + SD Range patients showed no TSH response to TRH. They did not dem-
T4 (ng/dL) 280 = 1.60 5.30-11.90 onstrgte any correlation betwegn arterial blood gas tensions and
TT3 (ng/mL) 112 + 0.20 0.64-1.66 thyroid hormone levels, and it was therefore suggested that
TSH (wlU/mL) 115 + 0.6 0.22-3.10 aging and illness per se might be more important than hypox-
FT4l 7.54 + 1.34 5.20-10.70 emia in determining thyroid function in COPDSimilarly,
FT3I 1.07 = 0.16 0.67-1.43 Banks et al” studied 25 COPD patients having a spectrum in
rT3 (ng/dL) 18.71 = 5.89 10.70-36.40 disease severity, with various degrees of hypoxemia and hy-
Abbreviations: TT4, total thyroxine; TT3, total triiodothyronine; percarbia- There were no relationShipS between therid hor-
TSH, thyroid-stimulating hormone; FT4l, free thyroxine index; FT3l, mones and Pagor PaCQ, but there was an inverse correlation

free triiodothyronine index; rT3, reverse triiodothyronine. between serum thyroxine and the daily dose of oral pred-
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nisolone; it was concluded that thyroidal dysfunction ascribed In addition to the effect of oxygenation, we aimed to clarify

to COPD is probably related to confounding factors and not toalso the impact of other potential contributory factors, such as
hypoxemia or hypercapnid.All of our COPD subjects, having aging and inhaled corticosteroids on thyroid function within

a wide range in disease severity, had normal basal TT3, TTACOPD patients having different degrees of functional impair-
and TSH; more importantly, rT3 and IL-6, which have been ment. Although aging has been associated with a decline in
shown to be elevated in patients with N*[i%-1° were also  serum thyroidal hormones, at least by some investigators, the
within normal limits. We did not detect differences between thedegree to which this parameter contributes to thyroid function
2 groups of COPD patients in TSH and rT3 levels, such aschanges is difficult to delineate due to multiple confounding
those observed in the euthyroid sick syndrome (or NTI). How-factors, such as concomitant illnesses and, in fact, this issue
ever, itis known that, under such conditions, both TSH and rT3remains controversidk-25 Our results do not support the hy-
may have a great variability; TSH levels are low or normal, andpothesis that in COPD increasing age influences thyroid hor-
T3 levels are normal or elevatédadditionaly, it has been  ,0ne measurements or metabolism, because there were no
shown that rT3 is highly variable in diverse clinical situations; significant correlations between any thyroid hormones and age
patients with.hypoth_yroidism pl_u; illness may have a normaljqither in mild-to-moderate nor in severe disease.

rT3, and patients with euthyroidism may have a low F¥3. o5 corticosteroids may affect thyroid function tests by
Consequently, our results are in agreement with previous StUds'uppressing TSH synthesis and secretion causing a state of
ies regarding preserved serum thyroid hormone levels incentral hypothyroidisras2” They also modulate peripheral
COPD. hormone metabolism by diverting the deiodination of T4 from

th In other chronlcfct(;]ndlt.lgns, sfuchtgs cf;]ronlg hearft fa”gr?’the activating (T4 leading to T3) to the inactivating (T4 leading
€ occurrence ot thyroid dystunction has been found 1o, rT3) pathway® All patients in our study were in stable

rrel with di verityand therefore, we al L -
correlate with disease severityand therefore, we also condition and, therefore, none of them was receiving oral

aimed to ascertain this issue in the setting of COPD. For this } o )
. o ) . steroids, but a significant percentage of them were on inhaled
purpose in addition to resting thyroid hormone levels, the

calculated TT3 to TT4 ratio was used, as this ratio has beer?tem'ds' High-dose inhaled corticosteroids (above 1.5 mg/day)

proven to be a useful tool in studying the peripheral Con_have been associated with marked systemic adverse effects,

version of thyroxine to triiodothyronine in various disease especially with adrenal suppressinThus, although studies

states?122 Grading COPD in terms of FEVas a percentage on the impact of inhaled steroids on the hypothalamic-pituitary-
of predicted, according to international guidelinéswe adrenal axis have been presented, few studies have addressed

observed a strong positive correlation between TT3/TT4lhe issue of the effect of inhaled steroids on the HPT axis.
ratio and oxygenation status in patients with severe disease‘l:heoretlcally, hlgh dos:es. of inhaled steroids could alt.er thyroid
but not in those with mild-to-moderate COPD. This suggestshormone levels in a similar way to that of oral steroids. Nev-
that hypoxemia may act not only at the central level of theertheless, our study did not show any relationship between
HPT axis, as previously proposédut also, at least in the inhaled steroids and thyroid function tests either in mild-to-
most disabled patients, by interfering with the peripheralMmoderate orin severe COPD, and this is probably explicable by
metabolism and/or turnover of thyroidal hormones. Whetherthe fact that the mean dose of inhaled steroids in our patients
this finding represents an abnormality or it constitutes anwas only about 90Gwg/day.

appropriate response of the organism to severe disease isIn conclusion, we have demonstrated that in stable COPD
presently unknown. All patients in our study were in the baseline thyroid hormones are within normal limits; however,
overweight BMI range, but differences in mean BMI were in those with severe disease, hypoxemia can produce abnor-
noted between the 2 groups. Consequently, a subtle altemalities in thyroid function, which are located not only in the
ation in the conversion of T4 to T3, as a function of differ- hypothalamic-pituitary (central) level as previously suggested,
ences in the catabolic state and/or nutritional status, canndiut also, at least in part, in the periphery. The clinical signifi-
be totally excluded. cance of this finding remains to be clarified.
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