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Abstract

Background—The role of thyroid hormones in diet-induced weight loss and subsequent weight
regain is largely unknown.

Objectives—To examine the associations between thyroid hormones and changes in body weight
and resting metabolic rate (RMR) in a diet-induced weight-loss setting.

Subjects/Methods—Data analysis was conducted among 569 overweight and obese
participants aged 30—70 years with normal thyroid function participating in the 2-year POUNDS
LOST randomized clinical trial. Changes in body weight and RMR were assessed during the 2-
year intervention. Thyroid hormones (free triiodothyronine [T3], free thyroxine [T4], total T3,
total T4, and thyroid stimulating hormone [TSH]), anthropometric measurements, and biochemical
parameters were assessed at baseline, 6 months, and 24 months.

Results—Participants lost an average of 6.6 kg of body weight during the first 6 months and
subsequently regained an average of 2.7 kg of body weight over the remaining period from 6-24
months. Baseline free T3 and total T3 were positively associated, whereas free T4 was inversely
associated, with baseline body weight, body mass index, and RMR. Total T4 and TSH were not
associated with these parameters. Higher baseline free T3 and free T4 levels were significantly
associated with a greater weight loss during the first 6 months (£<0.05) after multivariate
adjustments including dietary intervention groups and baseline body weight. Comparing extreme
tertiles, the multivariate-adjusted weight loss + standard error was —3.87+0.9 vs-5.39+0.9 kg for
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free T3 (Preng=0.02) and —4.09+0.9 vs-5.88+0.9 kg for free T4 (P treng=0.004). The thyroid
hormones did not predict weight regain in 6-24 months. A similar pattern of associations was also
observed between baseline thyroid hormones and changes in RMR. In addition, changes in free T3
and total T3 levels were positively associated with changes in body weight, RMR, body fat mass,
blood pressure, glucose, insulin, triglycerides, and leptin at 6 months and 24 months (all £<0.05).

Conclusions—In this diet-induced weight-loss setting, higher baseline free T3 and free T4
predicted more weight loss, but not weight regain among overweight and obese adults with normal
thyroid function. These findings reveal a novel role of thyroid hormones in body weight regulation
and may help identify individuals more responsive to weight-loss diets.

Obesity; Weight loss; Thyroid hormones; Resting Metabolic Rate; Dietary intervention; Leptin

Introduction

The rapidly growing prevalence of obesity has become a global public health concern
because excessive weight gain predicts the incidence of several major chronic diseases,
including diabetes, cardiovascular disease, and certain types of cancer.l: 2 Although there are
many approaches to achieving weight loss, the maintenance of weight loss has become a
major challenge.3- For instance, energy-restricted diets or other diets can lead to weight
loss in a short term (e.g., approximately 6 months),® but subsequent weight regain is
typically observed for the majority of study participants.* 7 Meanwhile, following the same
dietary interventions, apparent between-individual variability in weight loss and weight
regain has been observed,3: 89 although factors pertaining to this variability are largely
unknown. ldentifying such factors is critical for enhancing diet-induced weight loss and
mitigating weight regain.

Thyroid hormones play an essential role in body weight regulation, mainly through
regulating energy expenditure.10: 11 |t is well established that thyroid dysfunction, including
hyperthyroidism and hypothyroidism, leads to significant changes in body weight and
resting metabolic rate (RMR).11- 12 However, whether thyroid hormones within the
physiological range determine the amount of weight loss and regain is not well elucidated. A
few observational prospective studies yielded mixed findings regarding the association of
thyroid hormones or function with changes in body weight or body mass index (BMI).13-17
It is challenging to evaluate thyroid hormones in relation to weight change in observational
studies because the causes of weight change are heterogeneous and often not well
understood. In addition, few studies has examined RMR, a factor that is associated with both
thyroid function and energy expenditure,11: 18 in relation to thyroid hormones during weight
change. Thus far, evidence is scarce from weight-loss trials where the cause of weight
change is known and homogeneous among individuals.

To fill this critical knowledge gap, we investigated thyroid hormones (free triiodothyronine
[T3], free thyroxine [T4], total T3, total T4, and thyroid stimulating hormone [TSH]) in
relation to changes in body weight, RMR, and metabolic parameters among overweight and
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obese adults with normal thyroid function, participating in the Prevention of Obesity Using
Novel Dietary Strategies (POUNDS) LOST Study, a 2-year randomized clinical trial.?

Subjects and Methods

Study participants

The POUNDS LOST Study was a 2-year randomized clinical trial that compared the effects
of four energy-reduced diets with different compositions of macronutrients (carbohydrate,
fat, and protein) on body weight.® A total of 811 overweight and obese men and women
aged 30-70 years were randomly assigned to one of four diets which consisted of similar
foods and met the guidelines for cardiovascular health. Each participant’s diet prescription
represented a reduced caloric intake of 750 kcal/day from estimated energy needs, which
were calculated from the RMR at baseline. All study participants had normal thyroid
function defined as 0.1<TSH<4.5 mIU/L and 57.9< total T4< 169.9 nmol/L.1° The detailed
study design and methods have been described elsewhere.® At baseline examination,
participants with diabetes treated with medications or with unstable cardiovascular disease
and those using medications that affected body weight or had insufficient motivation were
excluded. At 2 years, 80% of the participants (n=645) had completed the trial. The key
findings of the POUNDS LOST Study were reported previously.? Briefly, most of the weight
loss was observed in the first 6 months, followed by a gradual weight regain from 6 to 24
months. The total amount of weight loss was not significantly different among diet groups.

The current analysis included 569 POUNDS LOST trial participants with available fasting
serum samples, collected at baseline and 6 months. Of these individuals, 429 also provided
blood samples at 2 years. The protocol was approved by the Institutional Review Board at
Harvard T.H. Chan School of Public Health, Brigham and Women’s Hospital, and the
Pennington Biomedical Research Center of the Louisiana State University System, as well
as by a data and safety monitoring board appointed by the National Heart, Lung, and Blood
Institute. All participants provided written informed consent.

Measurements

Serum free T3, free T4, total T3, total T4, and TSH were measured using a competitive
electrochemiluminescence immunoassay on the Roche E Modular system (Roche
Diagnostics, Indianapolis, IN). Fasting serum samples from the same participants were
assayed in the same run by the same technicians in a random sequence. The intra-assay
coefficient of variation (CV) ranged from 2.1-3.4% for free T3, 3.4-4.5% for total T3, 3.3—
6.6% for free T4, 3.0-6.9% for total T4, and 1.8-5.4% for TSH. Serum leptin and soluble
leptin receptor (SOB-R) were measured by an ultra-sensitive ELISA assay, an enzymatically
amplified “two-step” sandwich-type immunoassay (R&D Systems, Minneapolis, MN). The
intra-assay CV ranged from 3.5-5.4% for leptin and 5.3-8.6% for sOB-R. Fasting glucose,
insulin, triglycerides, total cholesterol, high-density lipoprotein (HDL) cholesterol, and low-
density lipoprotein (LDL) cholesterolwere determined on the Synchron CX7 (Beckman
Coulter, Brea CA), and hemoglobin A1C was determined on a Synchron CX5 (Beckman
Coulter, Brea CA).? Body weight and waist circumference (WC) were assessed in the
morning before breakfast and after urinating at baseline, 6, 12, 18, and 24 months. Height
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was measured at baseline. BMI was calculated as weight in kilograms divided by the square
of height in metres. After an overnight fasting, body composition was assessed by dual
energy X-ray absorptiometry (DXA) (Hologic QDR 4500A bone densitometer, Hologic
Inc).20 Blood pressure was measured by an automated device (Omron HEM907XL, Omron)
at baseline, 6 months, and 24 months, and after an overnight fast, RMR was assessed using a
Deltatrac 11 Metabolic Monitor (Datex-Ohmeda, Helsinki, Finland).2!

Other covariates

Information on age, sex, race (White, Black, Hispanic, and other), smoking status (never,
former, and current smoker), educational attainment (<high school, some college, and
>college), alcohol consumption (drinks/week), menopausal status (yes, no), hormone
replacement therapy (yes, no) was collected by using a standardized questionnaire. The
Baecke self-reported questionnaire was used to evaluate physical activity.22 A score was
calculated based on the physical activity at work, sport during leisure time, and other
physical activity during leisure time.22

Statistical analysis

Two primary outcomes were examined in the current study: 1) weight loss between baseline
and 6 months and 2) weight change between 6 months and 24 months. The comparisons
between participants included and the rest were examined by using the Student’s ftest for
normally distributed variables, the Wilcoxon rank-sum test for skewed variables, and the
Chi-Square test for categorical variables. The associations between baseline thyroid
hormones and changes in body weight, RMR, or body composition at 6 months and at 24
months were examined using linear regression (weight assessment at only 6 months and 24
months were used). The least-square (LS) means of changes in body weight and RMR
according to tertile levels of baseline thyroid hormones were calculated. We adjusted
potential confounders in statistical analysis, including baseline age, sex, race, smoking
status, educational attainment, alcohol consumption, physical activity, menopausal status,
hormone replacement therapy, the four diet intervention groups, and baseline body weight.
Tests of linear trend across increasing tertile levels of thyroid hormones were examined by
assigning a median value to each tertile and treating it as a continuous variable. We also
tested the linear trend using the thyroid hormone levels as continuous variables. To evaluate
the associations between baseline thyroid hormones and baseline body weight and metabolic
parameters, as well as the associations between changes in thyroid hormones and changes in
body weight and metabolic parameters (follow-up value minus baseline value), we
calculated partial Spearman correlation coefficients (ry) after adjustment for the potential
confounders mentioned above. In secondary analyses, we used linear mixed-effects models
to examine the weight changes (0-24 months and 6-24 months) by tertiles of thyroid
hormones, with an unstructured covariance matrix. Weight measurements at baseline, 6, 12,
18, and 24 months were included in the mixed-effect models. In addition, considering that
participants with subclinical thyrotoxicosis/hyperthyroidism may affect the associations of
interest, we further excluded the subjects with TSH <0.4 mIU/L (n=7) in a sensitivity
analysis. A two-sided £ <0.05 was considered statistically significant. All statistical analyses
were performed with SAS software, version 9.4 (SAS Institute Inc., Cary, North Carolina).
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Results

Participants

The mean age of the 569 participants was 51.6 (SD 9.0) years, with a mean BMI of 32.6 (SD
3.8) kg/m2. On average, participants lost 6.6 kg of body weight during the first 6 months and
subsequently regained an average of 2.7 kg body weight for the remaining period of 6-24
months, with no significant differences among the four diet groups. Compared with the
participants who were not included in the current analysis because serum samples were
lacking or insufficient, the participants who were included were slightly older (51.6 v549.3
years), more likely to be men, and had lower levels of educational attainment. No significant
differences were otherwise observed in other characteristics, including body weight and
RMR, as well as other parameters (Supplementary Table 1).

Relationships between thyroid hormones, body weight, and other assessments at baseline

The baseline characteristics of the participants according to tertiles of thyroid hormones are
shown in Table 1. At baseline, there were significant inter-correlations between free T3, free
T4, total T3, and total T4 (r;0.17-0.81, all A<0.001). TSH was weakly associated with free
T4 (r=-0.16, £<0.001) and total T4 (+=-0.09, £<0.05), and not associated with free T3 and
total T3 (Supplementary Table 2). After adjusting for age, sex, and race, free T3 and total T3
were positively associated with body weight, BMI, and RMR (r; ranged from 0.10 to 0.21,
all /<0.01) at baseline, whereas free T4 had weak, inverse correlations with body weight,
BMI, and RMR (all r;were —0.09, A<0.05). Total T4 and TSH were not correlated with
these measurements (Supplementary Table 2). In addition, free T3, total T3, and free T3/free
T4 ratio were positively associated with body weight, WC, blood pressure, leptin, insulin,
and triglycerides (all ”<0.01). Free T4 had weak, inverse associations with whole body lean
mass, glucose, leptin, and insulin (all A<0.05). In contrast, total T4 and TSH were not
significantly associated with most of these parameters (Supplementary Table 2).

Baseline thyroid hormones and subsequent changes in body weight and RMR

After adjustment of covariates, including diet groups, physical activity, and baseline body
weight, higher baseline free T3, free T4 and total T4 levels were associated with a greater
weight loss during the first 6 months (comparing extreme tertiles, the LS means of weight
loss [kg] was —3.87+0.9 v5-5.39+0.9 for free T3; —4.09+0.9 v5-5.88+0.9 for free T4; and
-3.86+0.9 vs—5.40+0.9 for total T4; all Peng<0.01), but not in the weight regain period
(comparing extreme tertiles, the LS means of weight regain [kg] was 2.15+0.9 v51.85+0.9
for free T3; 2.18+0.9 vs1.57+0.9 for free T4; and 1.77+0.9 v52.60+0.9 for total T4; all P
treng>0.05). For the entire 2-year study period, higher baseline free T3 and free T4 were
associated with a greater weight loss (Table 2). The results were similar when free T3 and
free T4 were treated as contionous variables (both Preng<0.05). When thyroid hormones
were further mutually adjusted, the results remained largely unchanged (Table 2). Baseline
TSH was not associated with changes in body weight during the period of weight loss or
weight regain. The trajectory of changes in body weight according to baseline tertiles of
thyroid hormones is shown in Figure 1. Moreover, using linear mixed-effects models, we
estimated that, for the entire study period, higher baseline free T3 and free T4 levels were
significantly associated with a higher weight loss rate (i.e., weight change per 6 months;
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(data not shown) and a greater change in body fat mass (Supplementary Table 3). In contrast,
baseline body weight was not significantly associated with subsequent changes in these
thyroid hormones. No association was observed between baseline leptin levels and weight
change.

In addition, a similar pattern of associations was observed between baseline thyroid
hormones and changes in RMR. Higher baseline free T3 and free T4 levels were
significantly associated with a greater decrease in RMR during the weight-loss period, but
not in the weight-regain period (Table 3 and Figure 2). When further adjusting for changes
in lean mass, the associations remained significant during weight loss period (0-6 month),
but did not reach statistical significance during the overall 24-month period, possibly due to
the reduced statistical power (n~170) (data not shown). Moreover, after multivariate
adjustment of covariates including baseline thyroid hormones, higher baseline RMR was
also associated with greater decrease in RMR during the weight loss period: comparing
extreme tertiles of baseline RMR, change in RMR during the first 6 months was 32.2 (SE
22.5) vs-116.5 (SE 23.6) kcal/24h (P<0.001), and the Spearman correlation coefficient
between baseline RMR and changes in RMR was —0.37 (£<0.001).

Changes in thyroid hormones, body weight, and metabolic parameters

At 6 months and 2 years, after multivariate adjustment, changes in free T3 and total T3
levels were positively associated with changes in body weight and metabolic parameters,
including RMR, leptin, blood pressure, glucose, insulin, and triglycerides (all Preng<0.05).
In contrast, no such patterns of association were observed for free T4, total T4, and TSH
(Table 4). When percentage changes were used in the analyses, the results were mostly
similar. In addition, no associations were observed between thyroid hormones at 6 months
and changes in body weight over the remaining period from 6-24 months (Supplementary
Table 4). Changes in RMR were significantly associated with changes in body weight during
the period of weight loss (r=0.41, A<0.001) and weight regain (+=0.20, £<0.001). A greater
reduction in RMR during the first 6 months was significantly associated with a greater
weight regain from 6-24 months (/=-0.10, £<0.05). Supplementary Table 5 shows the levels
of metabolic parameters (e.g., thyroid hormones, blood pressure, glucose, insulin,
triglycerides, cholesterols, and leptin) at baseline, 6 months, and 24 months. Most of the
parameters significantly decreased during the weight-loss period and then modestly
increased over the weight-regain period.

In a sensitivity analysis, after further excluding the participants with TSH <0.4 mIU/L (n=7),
the main results remained largely unchanged (Supplementary Tables 6 and 7). In addition,
further adjustment for participants’ compliance did not significantly change the findings.
Moreover, when the analysis was stratified by sex and smoking status, the results were
mostly similar with no significant interaction observed, although some of the associations
lacked statistical significance due to reduced power (data not shown).

Discussion

In this analysis conducted among overweight or obese individuals with normal thyroid
function, we demonstrated that higher levels of baseline free T3 and free T4 were
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significantly associated with a greater weight loss at 6 months and at 24 months, induced by
weight-loss diets. In contrast, TSH levels did not predict weight loss or weight regain in this
analysis. In addition, changes in free T3 and total T3 levels, but not free T4 and total T4 or
TSH, were positively associated with changes in body weight and metabolic parameters,
including RMR, blood pressure, triglycerides, and leptin.

In the current study, free T3, free T3/free T4 ratio, and total T3 were positively associated,
whereas free T4 was negatively associated, with baseline body weight, BMI, and RMR.
Total T4 and TSH were not significantly associated with these variables. These relationships
were observed in some previous studies among euthyroid participants as well.23-27 For
example, among 2,524 euthyroid men and women (mean age 46 years), Roef et al.
demonstrated that free T3, free T3/free T4 ratio, and total T3 were positively associated with
BMI, WC, and metabolic syndrome components, whereas free T4 had only a weak inverse
associations with BMI and WC. In addition, TSH was positively associated with blood
pressure and triglycerides, but not with BMI and WC.23 In contrast to our findings, some
studies demonstrated that TSH was positively associated with BMI or body

weight,13: 17. 28-30 and some studies reported no associations between free T4 and BMI.28: 31
These discrepant findings might be attributed to the difference in characteristics of the study
participants, including age, gender, BMI, and smoking status.

The relationship of thyroid hormones and function with weight change was explored in
several prospective observational studies, although the results were quite mixed.13-16 |n a
community-based study among 1,944 adults (18-65 years), Bjergved et al. reported that
baseline TSH levels were not associated with body weight changes, whereas changes in
serum TSH were significantly associated with weight change.1® Similarly, in the
Framingham Offspring Study (n=2407) and the Nord-Trgndelag Health Study Study
(n=15,020), TSH concentrations at baseline were not associated with subsequent weight
change, but changes in TSH was positively correlated with changes in body weight in men
and women with normal thyroid function.13: 16 However, Nyrnes et al. observed this pattern
of associations only in non-smokers.1” In another small prospective study (n=89) among
Pima Indians (mean age 29 years), baseline free T3, but not free T4 or TSH, was
significantly associated with absolute weight change (%= —0.27) and annual percentage of
weight change (%=-0.28).14 Although the exact reason for these mixed findings is unknown,
it should be noted that in these observational studies, the causes of weight change were not
quite clear among individuals, and the associations may be subject to confounding in an
observational setting. Moreover, most of these observational studies did not account for
some important covariates, including dietary factors and physical activity.

To our knowledge, the current investigation was among the first studies that examined the
role of thyroid hormones in weight change in a controlled clinical trial. In a small
intervention trial among 47 overweight subjects through education/counseling to emphasize
lifestyle change (including diet and behavioral modification), TSH and total T3 were
significantly associated with fat mass at baseline.32 After approximately a 9-month follow
up, Agnihothri et al. found that total T3 change was positively associated with body weight
change (r,=0.3, P<0.01),32 although they did not report the associations between baseline
thyroid hormones and weight change. In another 2-year longitudinal study consisted of 477
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euthyroid obese children, Wolters et al. observed that higher baseline free T3, but not free
T4, was significantly associated with a greater decrease in BMI during 1-year lifestyle
intervention for weight-loss, although TSH also predicted BMI reduction in this study.33 In
addition, changes in TSH and free T3 during the intervention period were inversely
associated with the BMI change during 1-year follow up after the intervention.33 In contrast,
after multivariate adjustment, our analysis among overweight adults found that higher
baseline levels of free T3 and free T4, but not TSH, were associated with a greater weight
loss at 6 months. Moreover, during the period of weight loss and weight regain, changes in
free T3 and total T3 were positively associated with changes in body weight. The
discrepancies between our study and the study of Wolters et al. might be explained by the
fact that there are significant differences in the levels of thyroid hormones and RMR
between children and adults.34-37 There are dynamic changes of thyroid hormones during
child development, whereas such changes are absent in adults. For instance, the levels of T3
are heightened in childhood until approximately 10 years old and then decline steadily until
maturity.34

Accumulating evidence has suggested that RMR plays a vital role in weight

maintenance.18: 38. 39 A recent study by Erin et al. showed that after “The Biggest Loser”
competition (30 weeks), participants had a nearly 23% reduction of RMR, and after a 6-year
follow up, RMR remained suppressed at similar levels as at the end of the competition,
suggesting that potential metabolic adaptation might result in weight regain.3° In the
POUNDS LOST Study, RMR also declined significantly during the weight loss period.
Being consistent with previous studies,18: 38 the decrease of RMR at 6 months was
significantly associated with weight regain over the remaining period from 6 to24 months
(r=-0.10, P<0.05). Our study further elucidated that the baseline thyroid hormones predicted
changes of RMR similar to those of body weight.

It is known that thyroid hormones regulate the RMR and thus body weight through
increasing ATP production and by generating ion gradients including Na*/K* and Ca2*
gradients.11 40. 41 The mechanisms underlying our findings are not well understood. We
suspect that euthyroid individuals with high free T3 or free T4, and thus high RMR, might
be more sensitive to thyroid hormone regulation and more responsive to energy-reduction.
Therefore, when weight loss begins, individuals with higher free T3 or free T4 tend to
respond promptly and lose more weight. Nevertheless, more research is warranted to clarify
the underlying mechanism between normal thyroid hormone function and body weight
change, especially among overweight and obese individuals.

One strength of our study was the analysis of a 2-year diet-induced weight loss trial, which
could help alleviate the potential influence of unknown confounders. Moreover, repeated
measurements of body weight, thyroid hormones, RMR, and metabolic biomarkers could
facilitate the exploration of the relationships between changes in these parameters during the
process of weight loss and weight regain. Furthermore, detailed information on covariates
such as physical activity and hormone replacement therapy was collected to facilitate
multivariate adjustment in our study.
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Several limitations should also be discussed. First, the drop-out rate was 20% in our 2-year
intervention, although no significant differences were demonstrated in body weight and
other parameters between the included and excluded participants. Second, other hormones or
peptides such as ghrelin and cholecystokinin that might influence weigh change were not
examined.* More research is needed to investigate whether these hormones or peptides
would influence the associations between thyroid hormones and weight loss. Lastly, our
participants were relatively homogeneous in terms of their body fatness and health status.
Whether these findings can be generalized to populations with other characteristics is
unknown.

In conclusion, in a diet-induced weight-loss setting, free T3 and free T4 levels at baseline
predict weight loss, but not weight regain among overweight and obese individuals with
normal thyroid function. Our findings suggest that euthyroid overweight and obese
individuals with relatively higher free T3 and free T4 levels might benefit more from a diet
intervention strategy for weight loss.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 2

Changes in body weight according to baseline tertiles of thyroid hormone

Tertiles of Thyroid Hormone

T1 T2 T3 P trend

Weight change (0-6 months), kg

Free T3 (n=537)
Model 1* —3.87+0.9 -4.61x0.9 -5.39+0.9 0.01

Model 27 —3.960.9 -474:09 -55240.9  0.02

Total T3 (n=525)
Model 1* —4.64%0.9 -3.79x0.9 -5.54£0.9 0.09

Model 27 471409 38009 ~-561x0.9 0.5

Free T4 (n=558)
Model 1* ~—4.09£0.9 -4.14+0.8 -5.88+0.9  0.002

Model 27 —4200.9 -417:09 -592+0.9  0.004

Total T4 (n=522)
Model 1* —3.86%0.9 -4.85+0.9 -5.40+0.9 0.01

Model 27 38109 -4.84:09 -549:0.9 0.2

TSH (n=556)
Model 1% 44909 -450:09 -4.91+0.8  0.43

Model 27 45409 -4.70:09 -4.89:0.9 058

Weight change (6-24 months), kg

Free T3 (n=455)
Model 1¥ 2.15£0.9  2.08+0.9 1.85+0.9 0.65

Model 27 22209 211309  188:0.9 064

Total T3 (n=445)
Model 1¥ 1.91#¥0.9 222409  202#09  0.89

Model 27 19409 221309  2.07:0.9  0.89

Free T4 (n=473)
Model 1* 2.18+09  2.13+0.9 1.57+0.9 0.30

Model 27 21909  2.26:09  160:0.9 035

Total T4 (n=442)
Model 1*  1.77x0.9 1.82+0.9 2.60+0.9 0.19

Model 27 15909  176:09  2.73:0.9  0.13

TSH (n=472)
Model 1* 23009  117+09  244%09 041

Model 27 24509  135:09  240:0.9 067

Weight change (0-24 months), kg
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Tertiles of Thyroid Hormone

T1 T2 T3 P trend

Free T3 (n=455)
Model 1* ~—141x12 -257x1.2 -3.68£1.2 0.01

Model 27 -155t1.2 -2.69tl2 -3.74%13  0.03

Total T3 (n=445)
Model 1* —2.64x1.2 -1.49+1.2 -3.74£12 0.16

Model 27 —2.84x1.3 -1.49+1.2 -3.64£13 0.34

Free T4 (n=473)
Model 1¥ -157#12 -197#11 -457+12 <0.001

Model 27 -170+12 -193+1.2 -4.60+12 <0.001

Total T4 (n=442)
Model 1* ~—178t12 -297+12 -3.14£12 0.12

Model 27 18313 =-300:l12 -3.14t13 020

TSH (n=472)
Model 1% -23112 -312#12 -241+12  0.87

Model 27 22312 -320%l2 -2.44t12 094

Data are least squared means + SE. Weight change was calculated as difference between weight at baseline and weight at examinations;

*
Model 1, adjusted for age, sex, race, education, smoking status, alcohol consumption, physical activity ratio, menopausal status, hormone
replacement therapy, diet groups, and baseline weight.

fModeI 2, further adjusted for other thyroid functional parameters.
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Table 3

Changes in resting metabolic rate according to baseline tertiles of thyroid hormone

Tertiles of Thyroid Hormone

T1 T2 T3 P trend

Resting metabolic rate change, kcal/day (0-6months)

Free T3 (n=503)
Model 1* 0.23£21.3  -13.7#21.6  -45.4421.2 0.003

Model 27 147214 -202+214 -47.7+214  0.04

Total T3 (n=491)
Model 1* ~—21.7%¥216 -4.20+21.4 -52.3%21.2 0.02

Model 27 —29.74219 -7.724211 -455:215  0.26

Free T4 (n=523)
Model 1 6.33x21.3  -18.9+#20.3 -48.9#21.0  <0.001

Model 27 —3.95%21.9 -26.4+20.8 -51.37+215  0.001

Total T4 (n=489)
Model 1% -135+212 -137+211 -526£21.1  0.01

Model 27 -15.8+217 ~-151212 -526+216  0.03

TSH (n=520)
Model 1% 298213 -11.1#213 -21.84#212  0.80

Model 27 —335%213 -18.9+212 -28.0£212  0.90

Resting metabolic rate change, kcal/day (6—24 months)

Free T3 (n=356)
Model 1*  24.8+37.9 11.3+36.6 12.3+36.2 0.66

Model 27 29.1£38.4 4.1+36.7 4.5+36.7 0.42

Total T3 (n=348)
Model 1¥ 7-16%#37.2 574378  10.8+36.6 0.88

Model 27 10.8+381 109376 111371  0.99

Free T4 (n=370)
Model 1*  18.437.6 13.4+36.7 20.1437.2 0.94

Model 27 13.837.4 8.10+36.7 9.04+36.9 0.85

Total T4 (n=346)
Model 1* —0.53+36.8  1.60+36.6 27.3+36.9 0.26

Model 27 -077+37.5 367366  209+37.8 030

TSH (n=368)
Model 1* 538%36.4 -115+360  5.46+36.6 0.19

Model 27 425367 -165¢363  0.60:37.1  0.29
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Tertiles of Thyroid Hormone

T1 T2 T3 P trend

Resting metabolic rate change, kcal/day (0-24 months)

Free T3 (n=363)
Model 1¥  45.9£39.2 5.09+38.2  -13.6+37.9 0.04

Model 27 32.6£30.7 -9.84%382 -24.2¢386  0.07

Total T3 (n=355)
Model 1¥  5.24+38.5 15.0+39.4  -23.8+38.3 0.26

Model 27 —1.83%39.6 -155+394  -15.3+39.1 0.61

Free T4 (n=377)
Model 1*  49.7£39.0  -0.04£38.6  -17.4%£39.0 0.01

Model 27  36.4%38.4 -139+382 -314+385  0.01

Total T4 (n=353)
Model 1¥ 17.64383  -11.6+£38.2 -14.4%38.6 0.23

Model 27  20.7439.3  -10.6+38.3 -17.4%+39.8  0.23

TSH (n=375)
Model 1% 24.0%390 -0.34+383  599+390 065

Model 27 10.638.7  -14.8+38.0  -4.38+39.0 0.77

Data are least square means + SE. RMR change was defined as difference between RMR assessment at baseline and RMR assessments at follow-up
examinations;

*
Model 1, adjusted for age, sex, race, education, smoking, alcohol consumption, physical activity, menopausal status, hormone replacement
therapy, diet groups, and baseline resting metabolic rate.

fModeI 2, further adjusted for other thyroid functional parameters.
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