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Abstract

Objective—To determine the association between thyroid hormone levels and sleep quality in
community-dwelling men.

Methods—Among 5,994 men aged =65 years in the Osteoporotic Fractures in Men (MrOS)
study, 682 had baseline thyroid function data, normal free thyroxine (FT4) (0.70 < FT, < 1.85 ng/
dL), actigraphy measurements, and were not using thyroid-related medications. Three categories
of thyroid function were defined: subclinical hyperthyroid, thyroid-stimulating hormone (TSH)
<0.55 mlIU/L; euthyroid (TSH, 0.55 to 4.78 mIU/L); and subclinical hypothyroid (TSH >4.78
mlU/L). Objective (total hours of nighttime sleep [TST], sleep efficiency [SE], wake after sleep
onset [WASOQ], sleep latency [SL], number of long wake episodes [LWEP]) and subjective (TST,
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Pittsburgh Sleep Quality Index score, Epworth Sleepiness Scale score) sleep quality were
measured. The association between TSH and sleep quality was examined using linear regression
(continuous sleep outcomes) and log-binomial regression (categorical sleep outcomes).

Results—Among the 682 men examined, 15 had subclinical hyperthyroidism and 38 had
subclinical hypothyroidism. There was no difference in sleep quality between subclinical
hypothyroid and euthyroid men. Compared to euthyroid men, subclinical hyperthyroid men had
lower mean actigraphy TST (adjusted mean difference [95% confidence interval (Cl)], —27.4
[-63.7 to 8.9] minutes) and lower mean SE (-4.5% [-10.3% to 1.3%]), higher mean WASO (13.5
[-8.0 to 35.0] minutes]), whereas 41% had increased risk of actigraphy-measured TST <6 hours
(relative risk [RR], 1.41; 95% CI, 0.83 to 2.39), and 83% had increased risk of SL =60 minutes
(RR, 1.83; 95% Cl, 0.65 to 5.14) (all P>0.05).

Conclusion—Neither subclinical hypothyroidism nor hyperthyroidism is significantly associated
with decreased sleep quality.

Keywords

thyroid functions; subclinical hyperthyroidism; subclinical hypothyroidism; sleep quality;
actigraphy; subjective sleep measures; MrOs study

INTRODUCTION

Based on the National Health and Nutrition Examination Survey (NHANES I11) of 16,533
people who did not report thyroid disease, goiter, or use of thyroid medications, the
prevalence of subclinical hyperthyroidism and hypothyroidism is 0.7 and 4.3%, respectively
(1). In NHANES 111 study, the median (2.5th to 97.5th percentile) thyroid-stimulating
hormone (TSH) concentration among all participants was 1.49 mIU/L (0.44 to 5.52 mIU/L).
The TSH concentration increased with age, more so in women than in men: the median
(2.5th to 97.5th percentile) TSH concentration was 1.67 mIU/L (0.55 to 4.89 mIU/L) for
males aged 60 to 69 years, 1.99 mIU/L (0.45 to 11.64 mlU/L) for females aged 60 to 69
years, 1.88 mIU/L (0.45 to 8.72 mIU/L) for males aged 70 to 79 years, 2.0 mIU/L (0.46 to
12.97 mIU/L) for females aged 70 to 79 years, 1.99 mIU/L (0.33 to 7.75 mIU/L) for males
>80 years of age, and 2.1 mIU/L (0.3 to 10.79 mIU/L) for females =80 years of age.

In the Colorado Thyroid Disease Prevalence Study, the prevalence of subclinical
hyperthyroidism and hypothyroidism among 24,337 subjects not taking thyroid medication
was 0.9 and 8.5%, respectively (2). The higher prevalence of subclinical thyroid diseases in
this population compared with the NHANES I11 study may be due to the fact that 28.2% of
the participants in the Colorado study were =65 years of age, whereas only 10% of the
general population of Colorado is in this age group (2).

In both subclinical hyperthyroidism and hypothyroidism, free thyroxine (FT,4) and
triiodothyronine concentrations are normal; however, in subclinical hyperthyroidism, serum
TSH concentrations are low, whereas in subclinical hypothyroidism they are elevated.
Subclinical thyroid diseases may have various health effects, including effects on
cardiovascular and skeletal health, especially an increased risk of atrial fibrillation with
subclinical hyperthyroidism (3).
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Among 6,139 individuals over the age of 16 surveyed in the NHANES 2005-2006, the
prevalence of physician-diagnosed insomnia was 1.2% (4). There are limited data regarding
the associations between thyroid hormone abnormalities and sleep disturbance. Kraemer et
al (5) studied the effects of hyperthyroxinemia induced by supraphysiologic dosing of
levothyroxine (500 pg/day) in 13 healthy subjects for an 8-week period. Sleep architecture
evaluated by polysomnography at baseline did not differ from that evaluated while the
subjects were hyperthyroxinemic. Koehler et al (6) studied 7 patients with well-
differentiated thyroid carcinoma undergoing levothyroxine withdrawal for radioactive iodine
ablation therapy. They found no statistically significant difference in either subjective or
objective sleep quality in these patients with short-term hypothyroidism. Using
polysomnographic recordings, Ruiz-Primo et al (7) studied 9 patients with severe
hypothyroidism. They found that although the patients were myxedematous, there was a
complete absence or very low levels of slow wave sleep in patients >20 years of age.

To our knowledge, no community-based study has evaluated the association between
subclinical thyroid diseases and sleep disturbances assessed both subjectively and
objectively.

METHODS
Study Population

The MrOS is a prospective cohort study involving 5,994 community-dwelling men and
designed to examine healthy aging and fracture risk. Eligible men were =65 years of age,
ambulatory, and had not had bilateral hip replacement. Participants were enrolled from
March 2000 to April 2002 at one of six U.S. clinical centers. Details of the MrOS study
design and cohort have been previously reported (8,9). The Institutional Review Board at
each clinical center approved the study protocol, and written informed consent was obtained
from all participants.

Analytic Sample

Among the 5,994 men enrolled in the MrOS study, a random sample of 1,602 had baseline
measurements of TSH and FT,4, whereas 3,135 subsequently participated in an ancillary
study entitled Outcomes of Sleep Disorders in Older Men (MrOS Sleep Study), which
occurred an average of 3.4 years after baseline samples were obtained. Of the 3,135 men at
the sleep visit, 3,058 had usable wrist actigraphy measurements. A total of 801 men had
baseline thyroid measures and complete actigraphy data at the subsequent sleep visit. A total
of 15 men with abnormal FT, (<0.70 or >1.85 ng/dL) and 104 men who were taking
antithyroid medications or thyroid hormone supplements at either the baseline or the sleep
visit or were missing this information were excluded. The remaining 682 men formed the
analytic sample for our analysis of the association between thyroid function and sleep

quality (Fig. 1).

Thyroid Hormone Measurements

At baseline, serum was collected and archived at —120°C as described in previous
publications (9,10). TSH was measured using a third-generation assay (Siemens Diagnostic,
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Deerfield, IL). The reference range for this assay is 0.55 to 4.78 mIU/L, with a coefficient of
variation of 2.4% at 2.08 mIU/L. FT4 was measured with a competitive immunoassay
(Siemens Diagnostics), with a reference range of 0.70 to 1.85 ng/dL and a coefficient of
variation of 4.1% at 1.09 ng/dL. All assays were performed at the University of Minnesota
Medical Center.

Wrist Actigraphy

Obijective sleep quality was assessed using wrist actigraphy. The Octagonal Sleep Watch
actigraph, or Sleep Watch-O (Ambulatory Monitoring, Inc, Ardsley, NY), was used to
estimate sleep/wake activity and was given to participants during the clinic visit along with
instructions to wear the actigraph continuously on the nondominant wrist for a minimum of
five consecutive 24-hour periods. The Sleep Watch-O actigraph contains a piezoelectric
linear accelerometer (sensitive to 0.003 g and above) with a biomorph-ceramic cantilevered
beam, a microprocessor, 32K RAM memory, and associated circuitry. VVoltage generated
each time the actigraph moves is gathered continuously and summarized over 1-minute
epochs. Actigraphy data were collected for this study in 3 modes: zero crossing mode
(ZCM), proportional integration mode (PIM), and time above threshold mode (TAT) (11).
Data were scored using Action W-2 software (12), based on an algorithm developed at the
University of California, San Diego for data collected in the PIM and TAT modes and on the
Cole-Kripke algorithm for data collected in the ZCM mode (13,14). These algorithms
calculate a moving average, which takes into account the activity levels immediately before
and after the current minute to determine if the given time point should be coded as sleep or
wake. The average of the sleep parameters over all nights was used in all analyses to
minimize night-to-night variability. Interscorer reliability for scoring of this data was
previously found to be high in our group (intraclass coefficient, 0.95) (15).

Actigraphy parameters used for analyses included: total hours of sleep per night (TST);
sleep efficiency (SE; the percentage of time the participant spent sleeping while in bed);
wake after sleep onset (WASO; a measure of sleep fragmentation which represents the
number of minutes a participant was awake during a typical sleep period, after the initial
onset of sleep of at least 20 minutes in duration); sleep latency (SL; the number of minutes it
took for a participant to fall asleep from the time they reported getting into bed); and number
of long wake episodes (>5 minutes awake at a time) while in bed (LWEP). Sleep diaries in
which participants recorded when they went to bed and when lights were turned off were
used to calculate sleep latency.

Subjective Sleep Measures

Subjective sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) and
Epworth Sleepiness Scale (ESS), data for which were obtained at the time of the sleep visit.
The PSQI measures reported sleep patterns and sleep problems, including sleep quality, SL,
SE, and daytime dysfunction. The PSQI is a 19-item questionnaire demonstrated to have
high internal consistency (0.83), test-retest reliability (0.85), and diagnostic validity. A
global sleep quality score derived from the PSQI can be used to index overall quality of
sleep over the prior 1-week period. Global sleep quality scores are continuous (range, 0 to
21), with higher scores reflecting poorer sleep quality. A standard cut-point of PSQI >5 was
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used to define poor sleepers (16). The ESS measures daytime sleepiness, using a scale from
0 to 24, with higher scores representing more daytime sleepiness. This scale is a validated
instrument, standard in sleep research. We used a standard cut-point of ESS >10 for
excessive daytime sleepiness (17,18).

Other Measures

At the baseline examination, MrOS participants completed a questionnaire that asked about
age, race/ethnicity, education, living arrangement, general health status, smoking status,
alcohol use, and medical history. Physical activity was assessed using the Physical Activity
Scale for the Elderly (PASE) (19). To assess functional status, men were queried regarding 5
instrumental activities of daily living (IADL). Daily caffeine intake was assessed using the
Block 98 semiquantitative food frequency questionnaire (Block Dietary Data Systems,
Berkeley, CA). Depression was assessed according to self-reported mood, using 1 question
from the modified 12-item Medical Outcomes Study Short Form 12 (SF-12) (20). Anxiety
was also assessed using a question from the SF-12. Cognitive function was evaluated using
the Teng Modified Mini-Mental State Examination (3MS), with scores ranging from 0 to
100 and higher scores representing better cognitive function (21). Height (centimeters) was
measured on Harpenden stadiometers and weight (kilograms) on standard balance beam or
digital scales, with participants wearing light clothing without shoes. Body mass index
(BMI) was calculated as kilograms per square meter. Participants were asked to bring all
current medications with them to the clinic. All prescription medications were recorded by
the clinics, and data were stored in an electronic medications inventory database (San
Francisco Coordinating Center, San Francisco, CA) (22). Each medication was matched to
its ingredient(s) based on the lowa Drug Information Service Drug Vocabulary (College of
Pharmacy, University of lowa, lowa City, IA). History of restless leg syndrome and history
of sleep apnea were self-reported and not assessed until the sleep visit.

Statistical Analysis

Three thyroid function categories were created based on TSH and normal FT,4 (FT4, 0.7 to
1.85 ng/dL): subclinical hyperthyroid (TSH <0.55 mIU/L), euthyroid (TSH 0.55 to 4.78
mlU/L), and subclinical hypothyroid (TSH >4.78 mIU/L). Characteristics of the men were
compared across these 3 categories using either analyses of variance or Kruskal-Wallis tests
(continuous variables) or chi-square tests of homogeneity (categorical variables).

Each sleep outcome was analyzed both as a continuous and categorical variable.
Dichotomized variables were based on consideration of the clinical relevance of values for
older adults, validated cut-points, and comparability to prior MrOS sleep publications: poor
SE (<70% versus =70%), greater nighttime wakefulness (WASO =90 minutes versus <90
minutes), prolonged SL (=60 minutes versus <60 minutes), multiple LWEP (=8 versus <8),
poor sleeper based on PSQI >5, and excessive daytime sleepiness based on ESS >10. Total
sleep time was categorized as <6 hours, 6 to 8 hours, and >8 hours based on clinical
relevance and to determine whether there was a U-shaped association between total sleep
time and thyroid function. Because the distribution of SL was skewed, this measure was log-
transformed, with results back-transformed when analyzed as a continuous variable.
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Least-squared-means linear regression was used to examine the adjusted association
between the 3 thyroid function categories and continuous sleep outcomes, with results
presented as adjusted mean and 95% confidence interval (Cl). Linear regression was used to
examine the association between continuous TSH and the continuous sleep outcomes, with
results presented as beta (change in mean sleep) and 95% CI per SD decrease in TSH.

Log-binomial regression was used to model the association between the thyroid categories
and categorical sleep outcomes, with results presented as relative risk (RR) and 95% CI for
subclinical hyperthyroid men versus euthyroid men and for subclinical hypothyroid men
versus euthyroid men (23). For those instances in which the log-binomial model did not
converge, log-Poisson models, which provide consistent (but not fully efficient) estimates of
the RR and its Cl were used (24). Log-binomial regression was also used to examine the risk
of poor sleep per SD decrease in continuous TSH (22,24).

Three sets of models were run to analyze the association between TSH and each sleep
outcome: unadjusted, age-clinic adjusted, and multivariate-adjusted. Known or suspected
determinants of thyroid function and the sleep parameters were examined for potential
confounding. Unadjusted linear regression models were run to examine the association
between each potential covariate and continuous TSH, and age-clinic adjusted linear
regression models were run to examine each covariate’s association with the continuous
sleep outcomes. Covariates with strong associations (P<.10) with TSH and/or most of the
sleep outcomes in these models were included in the full multivariate models. Because of
the numerous outcomes, one set of confounders was chosen for all multivariate models. The
multivariate models were adjusted for age, clinic site, race, education, whether the patient
lived alone or not, IADL impairment, history of diabetes, history of congestive heart failure
(CHF), history of chronic obstructive pulmonary disease (COPD), 3MS, and BMI.

Sensitivity analyses that included the 15 men with abnormal FT4 in the models were
performed to determine whether inclusion of these men affected the results.

All analyses were conducted using SAS version 9.2 (SAS Institute Inc, Cary, NC).

Characteristics of Study Participants

At baseline, the mean + SD age of the 682 men was 72.9 £ 5.6 years, mean BMI was 27.5 +
3.7 kg/m?2, 91% of the men were Caucasian, and 88% reported good to excellent health
(Table 1). The mean TSH for these men was 2.3 £ 1.4 mIU/L, and the median was 2.0
(interquartile range, 1.3 to 2.9) mIU/L. Mean FT4 was 0.98 £ 0.13 ng/dL. Over 90% of the
men were classified as euthyroid, 6% were classified as subclinical hypothyroid, and only
2% were classified as subclinical hyperthyroid. At the sleep visit, the men slept an average
of 6.4 £ 1.2 hours per night, as determined by actigraphy, with a mean SE of 78.1 + 11.8%.
It took the men an average of 31.5 + 32.9 minutes to fall asleep, and they were awake an
average of 78.0 £ 43.7 minutes after sleep onset. On average, the men had 7 episodes of
being awake for more than 5 minutes during the night. About half of the men were identified
as poor sleepers based on a PSQI score >5, and 14% had excessive daytime sleepiness based
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on an Epworth score >10. Compared to euthyroid men, men with subclinical
hypothyroidism were older and had less education, were more likely to live alone, have an
IADL impairment, have a history of diabetes, be depressed, and have a history of restless leg
syndrome. Men with subclinical hyperthyroidism were older and more likely to be non-
Caucasian than euthyroid men. A smaller percentage of the subclinical hyperthyroid men
lived alone, and they had a lower PASE score. Men with subclinical hyperthyroidism were
also more likely to have a history of CHF and COPD.

Between Thyroid Function and Continuous Sleep Measures

In unadjusted analyses, there were no significant differences in mean sleep quality for
euthyroid and subclinical hypothyroid men, although the mean WASO appeared to be lower
for subclinical hypothyroid men than for euthyroid men, with a mean difference of —-9.1
(95% ClI, —23.4 to 5.2) minutes (Table 2). Compared with euthyroid men, men with
subclinical hyperthyroidism had a lower mean actigraphy TST (mean difference [95% Cl],
-26.9 [-63.9 to 10.0] minutes), lower mean SE (mean difference [95% CI], —4.4% [-10.4 to
1.6%]), higher mean WASO (mean difference [95% Cl], 13.6 [-9.7 to 36.0] minutes),
longer mean SL (mean difference [95% ClI], 6.1 [-2.0 to 18.8] minutes), more LWEPSs
(mean difference [95% Cl], 0.8 [-0.8 to 2.5]), lower mean self-reported TST (mean
difference [95% Cl], —-43.7 [-80.6 to —6.8] minutes), and higher mean PSQI (mean
difference [95% Cl], 1.3 [-0.4 to 3.0]). Only the self-reported TST finding was statistically
significant (P = .02). Results remained virtually unchanged after multivariate adjustment,
except that the difference in mean WASO between the subclinical hypothyroid men and
euthyroid men was slightly greater with multivariate adjustment (mean difference [95% CI],
-12.9 [-26.7 to 0.8] minutes) (Table 2).

Sleep quality worsened with lower values of TSH, although results were significant only for
WASO (P =.04): for each standard deviation decrease in TSH, the adjusted mean
actigraphy TST decreased by 4.4 minutes (95% CI, —10.0 to 0.9 minutes), mean SE
decreased by 0.7% (95% CI, —1.6 to 0.1%), mean WASO increased 3.3 minutes (95% ClI,
0.1 to 6.5 minutes), median SL increased 3% (95% CI, -3 to 9%), mean number of LWEPSs
increased by 0.2 (95% Cl, 0.0 to 0.5), and mean self-reported TST decreased by 2.9 minutes
(95% ClI, —8.4 to 2.6 minutes) (data not shown).

The associations between thyroid function and the continuous sleep measures were
unchanged by including the 15 men with abnormal FT, in the models.

Between Thyroid Function and Categorical Sleep Measures

Sleep quality was similar for the subclinical hypothyroid and euthyroid men in unadjusted
analyses when the sleep measures were analyzed categorically (Tables 1 and 3). In contrast,
men with subclinical hyperthyroidism had worse objective sleep quality than euthyroid men,
although none of the differences were statistically significant: a higher percentage of
subclinical hyperthyroid men slept fewer than 6 hours (46.7% versus 32.9% for subclinical
hyperthyroid versus euthyroid men) or more than 8 hours per night (13.3% versus 7.2%; P
=.27), a higher percentage had <70% SE (26.7% versus 17.7%; P = .37), a higher
percentage had at least 90 minutes of WASO (46.7% versus 31.5%; P =.21), about twice as
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many took at least an hour to fall asleep (20.0% versus 10.7%; P = .25), and a higher
percentage had at least 8 episodes of awakening for more than 5 minutes during the night
(40.0% versus 34.2%; P = .64). A higher percentage of men with subclinical
hyperthyroidism reported sleeping less than 6 hours per night (26.7% versus 11.9%), but
none of these men reported sleeping more than 8 hours per night (P =.17). Compared with
46.1% of euthyroid men who were classified as poor sleepers based on a PSQI >5, half of
subclinical hypothyroid men (P = .64) and 40.0% of subclinical hyperthyroid men (P = .64)
were classified as poor sleepers. Euthyroid men were most likely and subclinical
hypothyroid men were least likely to report excessive daytime sleepiness.

The risk of poor sleep for the subclinical hypothyroid group was not significantly different
from that of the euthyroid group in adjusted analyses (Table 3 and Fig. 2). Although the
multivariate-adjusted RR for sleeping more than 8 hours for men with subclinical
hyperthyroidism compared with euthyroid men was 3.03 (95% ClI, 0.87 to 10.53), this
difference was not statistically significant, nor was the multivariate adjusted RR for
requiring at least 1 hour to fall asleep (RR, 1.83; 95% CI, 0.65 to 5.14).

The risk of objectively measured poor sleep increased with lower values of TSH, although
only the WASO (P = .02) and LWEP (P = .006) results differed significantly: for each
standard deviation decrease in TSH, the multivariate-adjusted risk of actigraphy TST <6
hours increased 7% (RR, 1.07; 95% CI, 0.96 to 1.19), the risk of actigraphy TST >8 hours
decreased 12% (RR, 0.88; 95% CI, 0.71 to 1.09), the risk of SE <70% increased 7% (RR,
1.07; 95% ClI, 0.91 to 1.27), the risk of WASO =90 minutes increased 16% (RR, 1.16; 95%
Cl, 1.02 to 1.32), the risk of SL =60 minutes increased 7% (RR, 1.07; 95% ClI, 0.85 to 1.34),
and the risk of 28 LWEPs increased 19% (RR, 1.19; 95% ClI, 1.05 to 1.34).

The associations between thyroid function and the categorical sleep measures were
unchanged by including the 15 men with abnormal FT, in the models.

DISCUSSION

Few men in this older, community-dwelling cohort met standard criteria for subclinical
hyper- or hypothyroidism, even though the prevalence in our study (2% for subclinical
hyperthyroidism and 6% for subclinical hypothyroidism) was higher than the prevalence of
0.7% for subclinical hyperthyroidism and 4.3% for subclinical hypothyroidism reported by
NHANES 11 (1). This may explain why our study showed no statistically significant
differences in either subjective or objective sleep quality between subclinical hypothyroid
men and euthyroid men. Compared with euthyroid men, subclinical hyperthyroid men had
less TST measured by actigraphy and had increased SL. Although some of these differences
were large and may be clinically significant, the differences were not statistically significant
in this study, possibly due to the small number of men in subclinical hyperthyroid group.

Limited previous studies showed no difference in sleep quality between hyperthyroid and
hypothyroid patients compared with euthyroid subjects (5,6). Our findings regarding
subclinical thyroid diseases were consistent with these previous reports.
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Because both insomnia and subclinical thyroid disorders are common, it is not rare that a
clinician will see a patient suffering from insomnia and a screening laboratory evaluation
will reveal subclinical hyperthyroidism or hypothyroidism. In this scenario, it is not clear
whether the subclinical thyroid disease is the cause of insomnia or whether the subclinical
thyroid disease should be treated to remedy the insomnia. Our data suggest that subclinical
thyroid disorders are not strongly associated with insomnia.

The strength of our study is that we were able to utilize objective sleep data for community-
dwelling older men and correlate these data with thyroid status. In addition, these men were
generally healthy, with no preexisting diagnosis of sleep disorders, and they were not
selected based on sleep complaints, thereby enhancing the generalizability of these results.

The limitations of our study include the small number of subjects, especially in the
subclinical hyperthyroid group. On the other hand, using the NHANES prevalence of 0.7%
for subclinical hyperthyroidism in the U.S. population, we would need over 10,000 subjects
to achieve 80% power for detecting a mean difference of 24 minutes for actigraphy total
sleep duration for euthyroid men versus men with subclinical hyperthyroidism. As sleep
studies are labor-intensive and costly, it would be unrealistic to design a community-based
study with adequate power to examine the association between subclinical thyroid disease
and quality of sleep. The other limitation of our study is that the thyroid hormone levels
were measured on average 3.4 years prior to the sleep study; the thyroid hormone status may
have changed by the time these subjects underwent the sleep evaluation. The fact that 16
men (excluded from this study) were taking thyroid medication at the sleep visit but not at
baseline indicates that those who developed either overt hypo- or hyperthyroidism between
these 2 visits were most likely not included in this study. On the other hand, some men with
subclinical hypo- or hyperthyroidism at baseline may have normalized their TSH by the time
of the sleep visit, and we cannot exclude the possibility that those men were erroneously
categorized as subclinical hypo- or hyperthyroid for our analyses. The participants in this
analysis were older men, and these results may not apply to other population groups, such as
women or younger men.

CONCLUSION

To our knowledge, our study is the first to evaluate the association between subclinical
thyroid diseases and the quality of sleep among community-dwelling subjects not taking
thyroid-related medications. Our data suggest no statistically significant differences exist
between subclinical thyroid diseases and subjective or objective sleep disturbance.
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Abbreviations

BMI body mass index

Cl confidence interval

ESS Epworth Sleepiness Scale

FTy free thyroxine

IADL instrumental activity of daily living

LWEP long wake episodes

MrOS Osteoporotic Fractures in Men Study

NHANES National Health and Nutrition Examination Survey

PSQI Pittsburgh Sleep Quality Index

RR relative risk

SE sleep efficiency

SL sleep latency

TSH thyroid-stimulating hormone

TST total hours of nighttime sleep

WASO wake after sleep onset
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Study Design
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Figure 2.
Risk of Objectively-Measured Poor Sleep by Thyroid Hormone Status

Results have been adjusted for age, clinic, race, education, lives alone, IADL impairment,
history of diabetes, history of CHF, history of COPD, 3MS score, and BMI.

The relative risk for the hyperthyroid and hypothyroid groups was not significantly different
from that of the euthyroid group (all 95% confidence intervals included 1.0).

3MS = Teng Modified Mini-Mental State Examination; BMI = Body Mass Index; CHF =
Congestive Heart Failure; COPD = Chronic Obstructive Pulmonary Disease; IADL =
Instrumental Activities of Daily Living; LWEP = Long Wake Episodes; SE = Sleep
Efficiency; SL = Sleep Latency; TST = Total Sleep Time.
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Sleep Measures by Thyroid Hormone Status

Table 2

Mean (95% CI) by Thyroid Hormone Status

Subclinical
Hyperthyroidism

Euthyroidism
(TSH 0.55-4.78

Subclinical
Hypothyroidism

(TSH<0.55 mIU/L)  mlU/L) (TSH>4.78 mIU/L) P value
Sleep Measure (n=15) (n=629) (n=38) for trend
Objective Measures
Nightly sleep duration, hours
Unadjusted 6.0 (5.4, 6.6) 6.4 (6.3, 6.5) 6.4 (6.0, 6.8) 0.46
Age-+clinic-adjusted 5.9 (5.3, 6.5) 6.4 (6.3, 6.5) 6.4 (6.0, 6.8) 0.43
Multivariate-adjusted™ 6.0 (5.4, 6.6) 6.4 (6.3, 6.5) 6.4 (6.0,6.8) 0.37
Sleep efficiency, %
Unadjusted 73.8 (67.8, 79.7) 78.2(77.2,79.1) 79.5(75.8, 83.3) 0.16
Age+clinic-adjusted 73.2(67.3,79.1) 78.1(77.2,79.1) 79.9(76.2,83.7) 0.09
Multivariate-adjusted™ 73.6 (67.8, 79.3) 78.1(77.2,79.0) 80.4(76.8, 84.1) 0.06
Wake after sleep onset, min
Unadjusted 91.8 (69.7, 113.9) 78.2(74.8,816) 69.1(55.3, 83.0) 0.08
Age-+clinic-adjusted 93.2 (71.3, 115.0) 78.3(74.9,81.7) 67.1(53.3,80.9) 0.04
Multivariate-adjusted™ 91.9(70.7,1132)  78.4(752,8L7) 655 (52.1,78.8) 0.02
Sleep latency, min
Unadjusted 28.4 (19.0, 42.5) 22.3(21.0,23.7) 20.7 (16.1, 26.7) 0.26
Age+clinic-adjusted 29.5(19.8, 44.1) 22.3(21.0,23.7)  20.7 (16.0, 26.6) 0.21
Multivariate-adjusted™ 29.3(19.6, 43.8) 223(21.0,23.7) 206 (16.0, 26.6) 0.22
Long wake episodes, number
Unadjusted 7.8(6.2,9.4) 6.9 (6.7,7.2) 6.3(5.3,7.3) 0.13
Age+clinic-adjusted 7.9(6.3,9.5) 6.9 (6.7,7.2) 6.2(52,7.2) 0.07
Multivariate-adjusted™ 7.8(6.3,9.4) 6.9(6.7,7.2) 62(52,7.2) 0.07
Subjective Measures
Nightly sleep duration, hours
Unadjusted 6.1(5.5,6.7) 6.9 (6.8, 6.9) 6.9 (6.5,7.2) 0.18
Age-+clinic-adjusted 6.1 (5.5, 6.7) 6.9 (6.8, 7.0) 6.9 (6.5, 7.3) 0.15
Multivariate-adjusted™ 6.1(5.5,6.7) 6.9 (6.8,6.9) 6.9 (6.5,7.3) 0.11
PSQI score (range 0-21)
Unadjusted 6.9 (5.3, 8.6) 5.6 (5.4, 5.9) 6.0 (5.0, 7.1) 0.80
Age-+clinic-adjusted 7.0 (5.3, 8.6) 5.6 (5.4, 5.9) 5.9 (4.9, 6.9) 0.63
Multivariate-adjusted™ 7.0 (5.4, 8.6) 5.7 (54,5.9) 5.7 (4.7,6.7) 0.38
Epworth score (range 0-24)
Unadjusted 5.9 (4.0, 7.8) 6.1 (5.8, 6.4) 6.1(4.9,7.3) 0.97
Age-+clinic-adjusted 6.0 (4.1, 7.9) 6.1 (5.8, 6.4) 6.1(4.9,7.3) 0.99
Multivariate-adjusted™ 5.9(4.0,7.8) 6.1(5.9, 6.4) 6.0 (4.8,7.2) 0.90
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*
Adjusted for age, clinic, race, education, lives alone, IADL impairment, history of diabetes, history of CHF, history of COPD, 3MS score, and
BMI.

3MS = Teng Modified Mini-Mental State Examination; BMI = Body Mass Index; CHF = Congestive Heart Failure; CI = Confidence Interval;
COPD = Chronic Obstructive Pulmonary Disease; IADL = Instrumental Activities of Daily Living; PSQI = Pittsburgh Sleep Quality Index; TSH =
Thyroid Stimulating Hormone.
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Risk of Poor Sleep by Thyroid Hormone Status

Sleep Measure

Relative Risk (95% CI) by Thyroid Hormone Status

Subclinical
Hyperthyroidism

(TSH<0.55 mIU/L)

(n=15)

Euthyroidism
(TSH 0.55-4.78
mlU/L)

(n =629)

Subclinical
Hypothyroidism

(TSH>4.78 mIU/L)

(n=238)

Objective Measures
Nightly sleep duration < 6 hours™
Unadjusted
Age+clinic-adjusted
MuItivariate-adjustedT

Nightly sleep duration > 8 hours™
Unadjusted
Age+clinic-adjusted
MuItivariate—adjustedT

Sleep efficiency < 70%
Unadjusted
Age+clinic-adjusted
MuItivari.a'tte-adjustedT

Wake after sleep onset = 90 min
Unadjusted
Age+clinic-adjusted
MuItivariate—adjustedT

Sleep latency = 60 min
Unadjusted
Age+clinic-adjusted
Multivariate-adjusted*

Long wake episodes = 8
Unadjusted
Age+clinic-adjusted
Multivariate—adjustedT

Subjective Measures

Nightly sleep duration < 6 hours™
Unadjusted
Age+clinic-adjusted
Multivariate-adjustedT

Nightly sleep duration > 8 hours™
Unadjusted
Age+clinic-adjusted

M uItivariate—adjustedT

152 (0.91, 2.54)
1.44 (0.87, 2.38)
1.41 (0.83, 2.39)

2.34(0.68, 8.03)
1.97 (0.57, 6.81)
3.03 (0.87, 10.53)

1.51 (0.64, 3.56)
1.60 (0.68, 3.74)
1.41 (0.58, 3.42)

1.48 (0.85, 2.58)
1.63 (0.95, 2.80)
1.62 (0.95, 2.76)

1.88 (0.67, 5.30)
2.20(0.78, 6.22)
1.83 (0.65, 5.14)

1.17 (0.62, 2.20)
1.34(0.71, 2.51)
1.45 (0.75, 2.78)

2.12(0.89, 5.03)
218 (0.91, 5.19)
1.66 (0.65, 4.21)

N/A
N/A
N/A

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.00 (reference)
1.00 (reference)

1.00 (reference)

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.00 (reference)
1.00 (reference)
1.00 (reference)

0.89 (0.54, 1.46)
0.83 (0.50, 1.38)
0.82 (0.50, 1.34)

1.04 (0.35, 3.14)
0.87 (0.28, 2.66)
0.84 (0.27, 2.60)

0.89 (0.42, 1.90)
0.82 (0.39, 1.74)
0.80 (0.36, 1.75)

0.84 (0.49, 1.44)
0.75 (0.4, 1.28)
0.76 (0.43, 1.35)

1.23 (0.53, 2.88)
1.20 (0.52, 2.80)
1.10 (0.45, 2.69)

0.77 (0.45, 1.32)
0.74 (0.43, 1.26)
0.69 (0.41, 1.19)

1.05 (0.45, 2.43)
1.02 (0.44, 2.40)
0.96 (0.41, 2.28)

N/A
N/A
N/A
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Sleep Measure

Relative Risk (95% CI) by Thyroid Hormone Status

Subclinical
Hyperthyroidism

(TSH<0.55 mIU/L)

(n=15)

Euthyroidism
(TSH 0.55-4.78
mlU/L)
(n=629)

Subclinical
Hypothyroidism

(TSH>4.78 mIU/L)

(n=38)

Poor sleeper (PSQI score > 5)

Unadjusted

Age+clinic-adjusted

M uItivariate—adjustedT

Excessive daytime sleepiness (Epworth score> 10)

Unadjusted

Age+clinic-adjusted

M uItiv.alri.alte-adjusted'r

0.87 (0.46, 1.62)
0.94 (0.50, 1.75)
0.86 (0.48, 1.54)

0.94 (0.25, 3.47)
0.92 (0.26, 3.32)
0.74 (0.19, 2.85)

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.08 (0.78, 1.51)
1.05 (0.75, 1.46)
1.00 (0.72, 1.39)

0.74 (0.29, 1.91)
0.78 (0.30, 2.02)
0.67 (0.26, 1.73)

*
Compared with 6-8 hours.

Page 20

TAdjusted for age, clinic, race, education, lives alone, IADL impairment, history of diabetes, history of CHF, history of COPD, 3MS score, and

BMI.

N/A: unable to determine RR since no one in the hyperthyroid or hypothyroid groups reported sleeping more than 8 hours per night.

3MS = Teng Modified Mini-Mental State Examination; BMI = Body Mass Index; CHF = Congestive Heart Failure; Cl = Confidence Interval;
COPD = Chronic Obstructive Pulmonary Disease; IADL = Instrumental Activities of Daily Living; PSQI = Pittsburgh Sleep Quality Index; TSH =

Thyroid Stimulating Hormone.
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