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Abstract. Lyko C, Blum MR, Abolhassani N, Stu-
ber MJ, Del Giovane C, Feller M, et al. Thyroid
antibodies and levothyroxine effects in subclinical
hypothyroidism: A pooled analysis of two random-
ized controlled trials. J Intern Med. 2022;292:892—
903.

Background. Antithyroid antibodies increase the
likelihood of developing overt hypothyroidism, but
their clinical utility remains unclear. No large
randomized controlled trial (RCT) has assessed
whether older adults with subclinical hypothy-
roidism (SHypo) caused by autoimmune thyroid
disease derive more benefits from levothyroxine
treatment (LT4).

Objective. To determine whether older adults with
SHypo and positive antibodies derive more clinical
benefits from LT4 than those with negative anti-
bodies.

Methods. We pooled individual participant data
from two RCTs, Thyroid Hormone Replacement for

Christina Lyko and Manuel R. Blum are co-first authors.

Untreated Older Adults with Subclinical Hypothy-
roidism and IEMO 80+. Participants with per-
sistent SHypo were randomly assigned to receive
LT4 or placebo. We compared the effects of LT4
versus placebo in participants with and without
anti-thyroid peroxidase (TPO) at baseline. The two
primary outcomes were 1-year change in Hypothy-
roid Symptoms and Tiredness scores on the
Thyroid-Related Quality-of-Life Patient-Reported
Outcome Questionnaire.

Results. Among 660 participants (54% women)
>65 years, 188 (28.5%) had positive anti-TPO.
LT4 versus placebo on Hypothyroid Symptoms lead
to an adjusted between-group difference of —2.07
(95% confidence interval: —6.04 to 1.90) for posi-
tive antibodies versus 0.89 (—1.76 to 3.54) for neg-
ative antibodies (p for interaction = 0.31). Simi-
larly, there was no treatment effect modification
by baseline antibody status for Tiredness scores—
adjusted between-group difference 1.75 (—3.60 to
7.09) for positive antibodies versus 1.14 (—1.90 to
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4.19) for negative antibodies (p for interaction =
0.98). Positive anti-TPO were not associated with
better quality of life, improvement in handgrip
strength, or fewer cardiovascular outcomes with
levothyroxine treatment.

Conclusions. Among older adults with SHypo, posi-
tive antithyroid antibodies are not associated with
more benefits on clinical outcomes with LT4.

Keywords: autoimmune thyroid disease, levothyrox-
ine treatment, subclinical hypothyroidism

Introduction

Subclinical hypothyroidism (SHypo), defined as an
elevated thyroid-stimulating hormone (T'SH) level
with free thyroxine (fT4) in the reference range,
affects up to 6%—-18% of older adults [1]. Although
clinical guidelines differ on which patients should
be treated [2-4], SHypo is frequently treated with
levothyroxine (LT4) [5]. This contributes to levothy-
roxine being one of the most prescribed medica-
tions in the United States and Europe [2, 3, 5-7].
In older adults, two recent international, double-
blind, randomized controlled trials (RCTs)—The
Thyroid Hormone Replacement for Untreated Older
Adults with Subclinical Hypothyroidism (TRUST)
[8] and the IEMO80+ Thyroid Trial [9]—and a
meta-analysis [10] found no benefit of levothyrox-
ine on hypothyroid symptoms, tiredness, or quality
of life, even among those with high symptom bur-
den [11]. However, specific subgroups might still
benefit, such as patients with autoimmune thyroid
disease.

Autoimmunity is a common etiology of SHypo
[12] characterized clinically by high levels of anti-
thyroid peroxidase antibodies (anti-TPO) [2, 13].
Anti-TPO induces cell-mediated cytotoxicity [14,
15] and its presence is associated with the devel-
opment of thyroid dysfunction [16-19]. Adults with
SHypo and positive anti-TPO are more prone to
progress to overt hypothyroidism in studies with
long-term follow-up of up to 20 years (4.3%/year
for positive antibodies vs. 2.6%/year for negative
antibodies) [16, 20]. For these patients, the indi-
cation for treatment remains controversial. Two
guidelines suggest considering treatment in the
presence of positive antibodies to prevent pro-
gression to overt hypothyroidism, irrespective of
TSH levels [2, 4], as do some international experts
[21, 22], while another guideline does not men-
tion antibody status as an indication for treatment
[3]. Despite controversial recommendations, physi-
cians often use anti-TPO testing to decide whether
to initiate treatment [23]. In a survey of American

Thyroid Association members and primary care
providers, approximately 10%-20% more physi-
cians would initiate therapy in SHypo if antibod-
ies were positive than if antibodies were nega-
tive [23]. Little data on the frequency of anti-TPO
measurements at the population level exist, but a
population-based study of 5552 outpatients found
a relatively high proportion of 3%/year of partic-
ipants with at least one anti-TPO antibody test
[24]. Data are very limited on the impact of pos-
itive antibodies, as no large RCTs have demon-
strated that antibody status influences the effec-
tiveness of levothyroxine on clinical outcomes in
adults with SHypo. Previous studies had design
limitations such as including only young patients
or having small sample sizes (N = 40-100) [25-27].
Therefore, in this ancillary analysis of two large
RCTs (TRUST and IEMOS80+) [8, 9], we aimed to
evaluate whether antibody status influences the
effectiveness of levothyroxine on clinical outcomes
in older adults with SHypo.

Materials and methods
Design

This study is a combined analysis of two coor-
dinated RCTs, the TRUST [8] and IEMOS80+ [9]
Thyroid Trials, whose designs have been previ-
ously described [9, 28]. Participants from both tri-
als were pooled for the purpose of this analysis
as the RCTs were led with similar designs and
included a prespecified planned combined analy-
sis of all participants [9]. The trials were conducted
in accordance with the principles of the Declara-
tion of Helsinki [29] and Good Clinical Practice
guidelines [30]. They were approved by the ethics
committees and regulatory authorities in all four
countries (Switzerland, the Netherlands, Ireland,
and the UK) involved in the trials. All participants
provided written informed consent (trials regis-
trations: ClinicalTrials.gov NCT01660126 [TRUST
and IEMO], Netherlands Trial Register NTR3851
[IEMO]).
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Study population

As previously described, [8] TRUST included
community-dwelling individuals aged >65 years
with persistent SHypo, defined by TSH levels
between 4.6 and 19.9 mIU/L on two measure-
ments at least 3 months apart and T4 levels within
the assay reference range. IEMO80+ had identical
inclusion criteria for individuals aged >80 years
[9]. Exclusion criteria were published previously
[8, 9]. In the present study, we only included par-
ticipants whose anti-TPO status was measured at
baseline. Of the 842 participants who underwent
randomization, 182 had no anti-TPO data at base-
line (no consent for blood draw or for technical rea-
sons, such as too limited blood samples), resulting
in 660 participants with available anti-TPO data
(Fig. 1).

Randomization and blinding

Randomization was done for each trial in an
independent data center through a computer-
based program [8, 9]. The treatment started with
levothyroxine 50 pg daily (25 wpg in individuals
<50 kg body weight or with coronary heart dis-
ease) or matching placebo. Levothyroxine dose was
titrated every 6-8 weeks to target TSH levels >0.4
and <4.6 mIU/L. In the placebo group, a mock
titration was performed. During the trial, neither
the participants, investigators, nor the treating
physicians were aware of the treatment allocation
and of the results of TSH measurements.

Laboratory assays

Nonfasting venous blood samples were collected
from each participant at baseline and at follow-up
with the same analyzer method. Chemilumi-
nescent immunoassays for TSH and fT4 were
performed in local labs. Antibody status was mea-
sured after the end of the RCT in stored baseline
serum samples collected before randomization at
the Department of Clinical Chemistry and Labora-
tory Medicine laboratory of the Leiden University
Medical Center with an immuno-assay from Roche
(Cobas 8000 E602), which uses electrochemilumi-
nescence with a competition principle. Anti-TPO
was used in the analysis, as anti-TPO is the most
sensitive marker for thyroid autoimmunity [13-19].
Repeated quality control testing was done under
the supervision of a European Specialist in Labo-
ratory Medicine. The measuring range of anti-TPO
is between 5 and 600 kU/L (defined by the lower
detection limit and the maximum of the master

curve). Measurements exceeding the measuring
range were set to the high or low limit, respec-
tively. Positivity was defined as >34 kU/L, which
corresponds to the 95th percentile of the assay
reference range measured in healthy subjects [31].
This threshold is consistent with reference ranges
used in other immune assays and studies [32-34].

Study outcomes

The two primary outcomes were the changes from
baseline to 12 months in the widely established
ThyPRO Hypothyroid Symptoms score (four items)
and Tiredness score (seven items), [35] each item
ranging from O to 100, with higher scores corre-
sponding with more symptoms. The minimal clini-
cally important difference (MCID) is 9 points [36].

The secondary outcomes were the variation from
baseline to 12 months in health-related quality
of life (EuroQoL [EQ] Group 5-Dimension [SD] 3
levels [3L] Self-Report Questionnaire [EQ-5D-3L]
[37] ranging from —0.59 to 1 on the descriptive
index and from O to 100 on the visual-analog
scale, with higher scores indicating better quality
of life), handgrip strength (maximum static force
that a hand can apply by squeezing a dynamome-
ter), and fatal or nonfatal cardiovascular events
(acute myocardial infarction, stroke, amputations
for peripheral vascular disease, revascularization
for atherosclerotic vascular disease including for
acute coronary syndrome, heart failure hospital-
izations). Executive cognitive function (the letter-
digit coding test, which calculates the speed for
matching nine letters with nine digits in 90 sec-
onds with higher scores indicating better executive
function) was assessed only at the end of the study.

Statistical methods

Baseline data are expressed as the number of
participants (percentage) for categorical character-
istics or as mean + standard deviation (SD) or
median (interquartile range [IQR]) for continuous
characteristics.

In line with the protocol and first reports [9], the
primary analysis considered all participants in the
intention-to-treat population who had the 1-year
follow-up visit within the protocol-specified win-
dow. In this study, only participants with an
anti-TPO status at baseline were included.
Between-group comparisons on the difference
between 1-year follow-up and baseline values were
performed using linear mixed-effects regression

894  © 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Individuals assessed for
eligibility in IEMO trial
n =342

Individuals assessed for
eligibility in TRUST
n=2,647

v

Individuals assessed for eligibility: n = 2,989

Excluded: n = 2,147
- TSH reverted to
» <4.60mlU/L:n=1,658
- Other exclusion criteria: n = 22
- Chose not to participate: n = 467
Randomized: n = 842
-TRUST: n =737
-IEMO:n=105
No baseline anti-TPO status: n = 182
- No consent for blood draw: n = 99
»!| - Technical reasons: n = 82
- Consent withdrawn: n = 1
Y
Randomized to levothyroxine: n = 326 Randomized to placebo: n = 334
Y
Completed 12-month follow-up: n = 295 Completed 12-month follow-up: n = 310
- Withdrew: n = 12 - Withdrew: n =9
- Lost to follow-up: n = 13 - Lost to follow-up: n = 11
-Died:n=6 -Died:n=4
Y
Included in 12-month analysis: n = 284 Included in 12-month analysis: n = 297
- Visit outside time window: n = 11 - Visit outside time window: n = 13
\ 4 Y
Included in end-of-study analysis: n = 296 Included in end-of-study analysis: n = 310
- Completed 12-month visit: n = 112 - Completed 12-month visit: n = 130
- Completed extended follow-up: n = 184 - Completed extended follow-up: n = 180

Fig. 1 Study flow chart. Abbreviations: anti-TPO, anti-thyroid peroxidas; IEMO, Institute for Evidence-Based Medicine in
Old Age; TRUST, Thyroid Hormone Replacement for Untreated Older Adults with Subclinical Hypothyroidism Trial; TSH,
thyroid-stimulating hormone. Visit time window: The 12-month window was defined as between 334 and 397 days after
randomization. N= 310 had 12-month follow-up (n = 297 within the visit window). Of these, n = 180 had extended follow-
up and 130 did not. The end-of-study analysis takes the latest available visit (extended, n = 180; or 12-months n = 130)
with a mean follow-up duration of 20 months. For the primary analysis at 12 months, participants with visits outside the

time window were excluded, as previously done [8, 9].

models with an interaction term between the treat-
ment group and baseline anti-TPO status, with
adjustment for stratification variables (sex, coun-
try, and randomization dose) and the respective
baseline values (given that randomization was not

stratified by baseline antibody status, as measured
after the trial end), and study as a random effect.
Basing the effect size for the interaction (i.e., the
difference between the differences between the
treatment groups) on the SD of the difference
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between the treatment groups in both anti-TPO
groups and averaging the patient numbers within
both groups, a difference in the difference of 6.9
points on the scale could be detected significantly
with 80% power at a two-sided alpha of 0.05. The
analysis was repeated for the per-protocol pop-
ulation, including all participants who pursued
the trial regimen (i.e., on treatment at the time
of the analysis being conducted and who had
their 12-month visit at 12 months + 31 days after
randomization) [8]. In addition, the analysis was
repeated for outcomes at the final visit, which was
either the 12-month visit or the last visit after more
than 12 months of follow-up, further adjusting for
time to visit. We conducted subgroup analyses for
sex, age (<80 vs. >80 years), and baseline TSH cat-
egories (<7.0 mIU/L vs. >7.0 mIU/L) [38]. We fur-
ther adjusted for pre-existing medical conditions
(hypertension, ischemic heart disease, atrial fib-
rillation, and diabetes mellitus) in sensitivity
analyses. Results were expressed as adjusted
between-group differences of the various out-
come scores from baseline to follow-up with 95%
confidence interval (CI).

Two-sided statistical significance was considered
for p-values <0.05. Analyses were performed using
Stata version 15 (StataCorp, College Station, TX)
and R version 3.6.0 (R Foundation) for Windows.

Patient and public involvement

Patients and the public were involved in the design
through the Leyden Academy on Vitality and Age-
ing in the Netherlands (www.leydenacademy.nl)
with a mission to enhance the quality of life of older
adults.

Results
Trial population

The characteristics at baseline were similar
between participants who had available antibody
status and those who did not (Table S1). A total
of 296 participants in the levothyroxine group and
310 in the placebo group completed the study with
a mean follow-up of 20 months. The mean age
was 75.9 £+ 7.1 years. A total of 188 participants
(28.5%) had positive anti-TPO and 472 participants
had negative anti-TPO (Table 1). The proportion
of positive anti-TPO was not significantly differ-
ent between the treatment group and the placebo
group (31.9% and 25.1%, respectively, p = 0.06,
Table S2). In participants with positive anti-TPO,

the median level was 156.0 kU/L (IQR 97.6-288.3)
in the levothyroxine group and 183.8 kU/L (IQR
88.0-325.2) in the placebo group. Some between-
group differences in baseline characteristics were
present (Table 1), given that randomization was
not stratified by baseline antibody status. The
Hypothyroid symptoms score was nonsignificantly
higher in the positive anti-TPO group (18.9 + 18.6
vs. 17.5 £ 19.8, p= 0.40), and the Tiredness symp-
toms score was significantly higher with positive
anti-TPO (28.1 + 22.8 vs. 23.4 £+ 19.1, p = 0.01).

TSH patterns

At baseline, TSH levels were comparable between
the treatment and placebo groups within each anti-
TPO group (Table 1), with higher TSH in positive
anti-TPO participants (mean TSH 7.0 + 2.6 mUL/L)
compared to negative anti-TPO (6.2 £ 1.7 mU/L,
p < 0.001). The TSH levels were reduced to a mean
3.5 £ 1.9 mIU/L after 6-8 weeks of treatment and
to 3.8 + 2.1 after 12 months. In the placebo group,
they did not significantly change during follow-up
(Figure S1).

Primary outcomes

In positive anti-TPO participants, the mean
adjusted between-group difference of Hypothyroid
symptoms score between the levothyroxine and
placebo group was —2.07 (95% CI —6.04 to 1.90)
(Table 2, Fig. 2); a positive difference would favor
for placebo, while a negative difference would
favor treatment with a MCID of 9 points. In neg-
ative anti-TPO participants, the mean adjusted
between-group difference of Hypothyroid symp-
toms between levothyroxine and placebo group was
0.89 (95% CI —1.76 to 3.54). There was no evidence
for effect modification by anti-TPO status (p for
interaction = 0.31).

In positive anti-TPO participants, the mean
adjusted between-group difference of Tiredness
score between the levothyroxine and placebo group
was 1.75 (95% CI —3.60 to 7.09). In negative anti-
TPO participants, the adjusted between-group dif-
ference was 1.14 (95% CI —1.90 to 4.19). Overall,
the changes between treatment groups did not dif-
fer between positive and negative anti-TPO partic-
ipants (p for interaction = 0.98).

These results were similar in the per protocol (Table
S3) as well as in the end of study analysis (Fig. 2,
Table S4). The sensitivity analyses with adjust-
ment for baseline imbalances (pre-existing medical

896 © 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Table 1. Baseline characteristics by anti-TPO status and treatment group

Positive anti-TPO, n = 188 Negative anti-TPO, n = 472
Levothyroxine, Placebo, Levothyroxine, Placebo,
n= 104 n= 84 n=222 n= 250
Demographics
Age, mean (SD) (years) 74.6 (6.3) 75.0 (7.2) 76.1 (6.8) 76.6 (7.4)
Women, n (%) 71 (68.3) 65 (77.4) 105 (47.3) 119 (47.6)
Caucasians (self identified), n (%)? 103 (99.0) 80 (95.2) 219 (98.6) 247 (98.8)
Pre-existing medical conditions, n (%)
Hypertension 52 (50.0) 34 (41.0) 113 (50.9) 125 (50.2)
Ischemic heart diseaseP 13 (12.5) 4 (4.8) 36 (16.2) 43 (17.2)
Atrial fibrillation 8 (7.8) 9 (10.7) 38 (17.1) 35 (14.0)
Diabetes mellitus 17 (16.3) 9 (10.7) 39 (17.6) 38 (15.2)
Clinical data
Number of medications, median (IQR) 4 (2-6) 4 (1-6) 4 (2-6) 4 (2-6)
MMSE score, median (IQR)¢ 29.0 (27.0-30.0) 29.0 (28.0-30.0)  29.0 (27.0-29.0) 29.0 (27.0-30.0)
Thyrotropin level (mIU/L)
Mean (SD) 7.1(2.6) 7.0 (2.5) 6.3 (1.8) 6.2 (1.5)
Median (IQR) 6.0 (5.5-7.6) 6.4 (5.1-7.6) 5.7 (5.1-6.8) 5.7 (5.1-6.8)
Free thyroxine, mean (SD) (pmol/L) 12.8 (1.8) 13.0 (1.8) 13.7 (2.0) 13.5 (2.0)
Anti-TPO antibody level, median (IQR) 156.0 (97.6-288.3) 183.8 (88.0-325.2) 13.1 (10.5-16.5) 12.7 (10.1-15.9)
(kU/L)
ThyPRO Hypothyroid Symptoms and
Tiredness scores
Hypothyroid Symptoms score, mean 18.4 (20.4) 19.4 (19.1) 18.1 (19.2) 16.9 (18.2)
(SD)?
Tiredness score, mean (SD)4 28.0 (23.3) 28.2 (22.4) 23.9 (20.4) 22.8 (17.9)
Secondary outcomes
EuroQoL-5D-3L score, mean (SD)® 0.8 (0.2) 0.8 (0.2) 0.8 (0.2) 0.8 (0.2)
Handgrip strength, mean (SD) (kg)f 26.7 (9.9) 25.2 (8.7) 27.9 (10.4) 27.7 (11.5)
Letter-digit coding test, mean (SD)& 25.6 (7.0) 26.7 (9.1) 24.2 (7.1) 24.3 (7.3)

Abbreviations: anti-TPO, anti-thyroid peroxidase; IQR, interquartile range; MMSE, mini-mental score examination; SD,
standard deviation; ThyPRO, Thyroid-Related Quality of Life Patient-Reported Outcome; 3L, three levels; 5D, five dimen-
sions.

aRace was reported by the patient.

PIschemic heart disease was a history of previous myocardial infarction or angina pectoris.

°MMSE score ranges from O to 30, with a higher score corresponding to better cognitive function.

dThe hypothyroid symptoms and the tiredness score range from O to 100, with a higher score indicating more symptoms.
The minimal clinically important difference is 9 points.

¢The EuroQoL-5D-3L score is a standardized instrument for measuring generic health status. The 5D score is going from
-0.59 to 1, with a higher score indicating a better quality of life.

fHandgrip strength is a measure of the maximum static force that a hand can squeeze using a dynamometer.
8Letter-digit coding test measures executive function by calculating the speed for matching nine letters with nine digits
in 90 seconds (higher score indicating better executive function).

conditions) yielded similar results (Table S5). There Secondary outcomes
were also no differences according to anti-TPO sta-
tus and subgroups analyses for TSH (<7 mIU/L
vs. >7.0 mIU/L), age (<80 vs. >80 years), or sex
(Figures S2 and S3).

The effect of levothyroxine versus placebo on
the EQ-5D-3L score was similar for those with
positive and negative antibodies, with a mean
adjusted between-group difference of —0.004 (95%

© 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on hehalf of Association for Publication of The Journal of Internal Medicine. 897
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Table 2. Twelve-months change in primary and secondary outcomes by treatment group and baseline anti-TPO status

Mean value (SD) Treatment effect (levothyroxine vs. placebo)
Adjusted
12-months Mean within-group between-group P for
Measure Baseline follow-up change (95% CI) difference (95% CI)? interaction
ThyPRO Hypothyroid
Symptoms scoreP
Positive anti-TPO
Levothyroxine (n = 86) 17.4 (19.3) 14.2 (15.2) —3.12 (-6.4 to0 0.2) —-2.07 0.31
Placebo (n = 74) 19.8 (19.8) 17.2 (16.9) —2.53 (-6.3 to 1.2) (—6.04 to 1.90)
Negative anti-TPO
Levothyroxine 17.3 (18.4) 17.9 (17.8) 0.6 (—1.6 to 2.8) 0.89
(n=198) (—1.76 to 3.54)
Placebo (n = 223) 16.6 (18.0) 16.7 (18.1) 0.1 (-1.9to02.1)
ThyPRO Tiredness scoreP
Positive anti-TPO
Levothyroxine (n = 86) 26.8 (22.4) 28.7 (20.4) 2.0 (—2.4 to0 6.3) 1.75 0.98
Placebo (n = 74) 28.3 (23.1) 28.4 (20.8) 0.1 (—4.8t04.9) (—3.60 to 7.09)
Negative anti-TPO
Levothyroxine 23.1 (19.6) 28.2 (20.6) 5.1 (2.4-7.8) 1.14
(n=198) (—1.90 to 4.19)
Placebo (n = 223) 22.1(17.1) 26.5 (18.1) 4.3 (2.2-6.5)
EuroQoL-5D-3L¢
Positive anti-TPO
Levothyroxine (n = 86) 0.839 (0.209) 0.828 (0.214) —0.011 (—0.050 to 0.028) —0.004 0.56
Placebo (n = 74) 0.833 (0.192) 0.822 (0.225) —0.011 (—0.054 to 0.032) (—0.059 to 0.051)
Negative anti-TPO
Levothyroxine 0.847 (0.163) 0.814 (0.223) —0.033 (—0.058 to —0.009) —0.025
(n=198) (=0.057 to 0.008)
Placebo (n = 222) 0.855 (0.175) 0.843 (0.205) —0.012 (—0.036 to 0.012)
Handgrip strength (kg)d
Positive anti-TPO
Levothyroxine (n = 84) 27.4 (10.3) 25.6 (9.9) —1.8 (=3.0 to —0.6) —-0.35 0.59
Placebo (n = 73) 25.8 (8.7) 24.5 (8.3) —1.3 (-2.4 to —-0.2) (—1.90 to 1.19)
Negative anti-TPO
Levothyroxine 28.5 (10.6) 27.2 (11.0) —1.2 (—2.0 to —0.5) 0.28
(n= 186) (—0.79 to 1.35)
Placebo (n = 203) 28.4 (11.5) 27.0 (11.3) —1.4 (—2.2 to —0.6)

Note: There are fewer patients with available measured outcomes because of missing data; for details, see Fig. 1.
Abbreviations: anti-TPO, anti-thyroid peroxidase; CI, confidence interval; SD, standard deviation; ThyPRO, Thyroid-
Related Quality of Life Patient-Reported Outcome; 3L, three levels; 5D, five dimensions.

2Adjusted for stratification variables (country, sex, and starting dose of levothyroxine). Differences should be read as
follows: for ThyPRO Hypothyroid Symptoms and Tiredness Score, negative values indicate benefit of levothyroxine treat-
ment, whereas for EQ-5D and handgrip strength, positive values indicate benefit of levothyroxine.

PThyPRO: the Hypothyroid Symptoms and the Tiredness score range from O to 100, with a higher score indicating more
symptoms. The minimal significant clinical change is from 9 points. Total ThyPRO scores per domain with missing items
were scaled to maintain the maximum possible score for analyses. The score was considered to be missing if >50% of the
score items were missing.

®The EuroQoL-5D-3L score is a standardized instrument for measuring generic health status. The 5D score is going from
—0.59 to 1, with a higher score indicating a better quality of life.

dHandgrip strength is a measure of the maximum static force that a hand can squeeze using a dynamometer.
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Fig. 2 Between-group differences in outcome measures
at 12 months and at the end of study, stratified by
baseline anti-thyroid peroxidase (TPO) status. The
figure shows treatment effect estimates (levothyroxine
treatment [LT4] vs. placebo) with 95% confidence
intervals for the ThyPRO (Thyroid-Related Quality of Life
Patient-Reported Outcome) Hypothyroid Symptoms
score (a) and Tiredness Score (b), stratified by baseline
anti-TPO status (positive vs. negative). For exact
numbers, refer to Table 2 and Table S4. The 12-month
window was defined as between 334 and 397 days
after randomization and the end-of-study analysis
takes the latest available visit with a mean follow-up
duration of 20 months. The left panel (orange)
corresponds to the subgroup with positive anti-TPO and
the right panel (blue) corresponds to negative anti-TPO.
Positive difference would favor for no treatment, while
negative difference with a minimum of 9 points would
favor to treatment.

CI —0.059 to 0.051) in positive anti-TPO, and
—0.025 (95% CI —0.057 to 0.008) in negative
anti-TPO participants. There was no evidence for
effect modification by anti-TPO status (p for inter-
action = 0.56). Similarly, for handgrip strength,
the adjusted between-groups difference was —0.35
(95% CI —1.90 to 1.19) in positive anti-TPO partic-
ipants and 0.28 (95% CI —0.79 to 1.35) in negative
anti-TPO participants. There were no statistically
different results between positive and negative
antibody status (p for interaction = 0.59). In the
population with available baseline anti-TPO status,
the overall risk of fatal and nonfatal cardiovascu-
lar events did not differ among those treated with
levothyroxine and placebo (hazard ratio 0.91, 95%
CI0.43-1.95), and there was no evidence that these
relationships differed among those with positive
anti-TPO (hazard ratio 1.19, 95% CI 0.32—4.44)
and those with negative anti-TPO (hazard ratio
0.75, 95% CI 0.28-1.96) (p for interaction = 0.58).

© 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on bhehalf of Association for Publication of The Journal of Internal Medicine.
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The per-protocol analysis (Table S3) and further
adjustment for pre-existing medical conditions
(Table S5) yielded similar results. In the analysis
at the end of the study, letter-digit coding to assess
cognitive function was, in addition, measured and
we found no statistical difference according to anti-
body status (Table S4).

Discussion

In this large study assessing whether antibody sta-
tus influences the effectiveness of levothyroxine
in older adults with SHypo, the effect on clini-
cal outcomes did not differ between participants
with positive or negative anti-TPO. Although the
Hypothyroid symptoms score decreased more in
the positive anti-TPO group, the decrease was not
statistically significant, and importantly, the CI
did not include the MCID of 9 points [36]. Tired-
ness scores increased in both groups with no
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significant difference between positive and negative
anti-TPO participants. For secondary outcomes
including health-related quality of life, handgrip
strength, cognitive function tests, and cardiovas-
cular events, the treatment effect did not differ
according to the anti-TPO status.

Comparison with other evidence

These results are consistent with the few previ-
ous smaller studies, although they analyzed clin-
ical outcomes different from ours. A 6-months
RCT of levothyroxine replacement in 40 women
with SHypo did not show any relationship between
positive antimicrosomal antibodies (a previous-
generation measurement of anti-TPO) and changes
in cholesterol levels or weight [27]. These results
were limited by the small number of participants
(V= 40-100). Similarly, in a post hoc subgroup
analysis of a randomized crossover trial com-
paring levothyroxine substitution versus placebo
in 100 participants (mean age 53.8 years), car-
diovascular risk factors and endothelial function
after treatment did not show significant differences
between positive and negative anti-TPO partici-
pants [25]. This trial was limited by a small sample
size and short duration (12 weeks), and it was a
post hoc subgroup analysis. Conversely, an RCT
of levothyroxine replacement in 60 young partici-
pants (mean age 34 years) with SHypo and positive
anti-TPO demonstrated a significant improvement
in depressive symptoms (Beck Depression Inven-
tory decreased from 16.8 + 13.3 to 12.4 £+ 10.0,
p = 0.04) [26]. However, the clinical relevance is
unclear and there was no comparison with patients
with negative anti-TPO. In contrast, our study ana-
lyzed more participants over a longer period and is
the first to have included an older population.

Clinical implications

In clinical practice, the utility of measuring
antithyroid antibodies remains controversial, as
reflected by different recommendations in inter-
national guidelines, with two guidelines suggest-
ing treatment in the presence of positive antibod-
ies to prevent progression to overt hypothyroidism
[2, 4] and another guideline not mentioning anti-
body status as an indication for treatment [3]. Our
analysis showed no clear evidence for levothyroxine
treatment in older adults with SHypo and positive
anti-TPO on a large range of patient-relevant out-
comes, underlining that anti-TPO in SHypo should
not guide treatment decisions in older adults.
While we could not assess the long-term impact

on progression to overt hypothyroidism due to lim-
ited follow-up duration, the rate of progression
has been described as relatively low (4.3%/year for
positive antibodies vs. 2.6%/year for negative anti-
bodies) based on studies with 10-20 years of
follow-up [16, 20], and it may not be of substantial
clinical relevance in an ageing population. Some
studies have also shown an increase in TSH in
older adults, which has not been associated with
clinical outcomes in observational studies [39-
42]. Our study now adds interventional data that
treatment of Shypo is not associated with better
outcomes—also in those with elevated anti-TPO—
and underscores the interpretation that treatment
threshold in older adults could be safely raised
[43]. It might be argued that therapy might also
start later when overt hypothyroidism (or impor-
tant symptoms) developed by following TSH values.
Furthermore, we found no evidence that the risk
of fatal and nonfatal cardiovascular events differed
by anti-TPO status; this is in line with evidence
from the National Health and Nutrition Examina-
tion Survey (NHANES), which found no correla-
tion of anti-TPO with cardiovascular disease risk
in SHypo, and it further adds against using anti-
TPO to guide treatment decisions [44].

Strengths and limitations of this study

Among the strengths, our study is the largest
RCT analyzing the effect of levothyroxine in SHypo
for older persons according to antibody status.
Although SHypo is often found along with posi-
tive anti-TPO, very few studies have investigated
this aspect and they have been mostly small, often
emphasizing on young participants and with a
short follow-up. Another strength is the use of the
same laboratory assay for all antibody measure-
ments, which minimizes the measurement bias.
The internal validity is strengthened by the use of
standardized scores in two fully blinded RCTs to
assess nonspecific symptoms such as hypothyroid
symptoms and tiredness, which have been shown
to be sensitive to change [45]. In addition, we ana-
lyzed a wide range of patient-centered outcomes of
clinical relevance in an elderly population.

This study has limitations. First, the participants
were all >65 years old and mostly Caucasian, and
it is unknown whether these results apply to other
populations. Second, the number of participants
with positive antibody status was relatively small
(V= 180) albeit far larger than in all previous trials
(V= 40-100) [25-27], and our study had adequate
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power to detect a clinically meaningful difference
in the treatment effect. Third, the randomization
was not stratified by antibody status and some
baseline imbalances were found, but adjustment
for these imbalances yielded similar results.
Fourth, there was no information on over-the-
counter medications (e.g., multivitamin use such
as biotin), which could interact with thyroid func-
tion measurements. Fifth, the number of fatal and
nonfatal events during the follow-up period was
relatively low, limiting power to detect a signifi-
cant difference by antibody status. Finally, there
were relatively few participants with elevated TSH
>10 mU/L or high symptom burden precluding
a meaningful subgroup analysis on these. Par-
ticipants with SHypo are expected to have low
scores in the ThyPRO scores [36] but we found
some participants with higher symptom burden
and even in these, we did not find a larger benefit
of levothyroxine in a secondary analysis [11].
However, in positive anti-TPO patients with ele-
vated TSH >10 mU/L or high symptom burden,
we cannot exclude a potential clinically relevant
treatment effect.

Conclusion

In this pooled analysis of data from two randomized
trials in older participants with SHypo, positive
antithyroid antibodies were not associated with
more benefits on clinical outcomes with levothyrox-
ine treatment. The role of measuring anti-TPO for
treatment decisions in SHypo needs further study.

Acknowledgments

The authors thank all the participants in the
TRUST and IEMO trials: the medical staff, gen-
eral practitioners, nurses, laboratories, and secre-
tarial staff; members of the TRUST/IEMO Biobank
committee (Patricia M. Kearney, MD, PhD, Univer-
sity College Cork, Ireland; Wendy P. J. den Elzen,
PhD, Atalmedial Diagnostics Centre, Amsterdam
and Department of Clinical Chemistry, Amster-
dam UMC, The Netherlands; and Stella Trompet,
PhD, Leiden University Medical Center, the Nether-
lands); Mawdsley-Brooks & Co. (UK) for the orga-
nization of handling and distributing the study
medication; and the healthcare business of Merck
KGaA, Darmstadt, Germany for giving the levothy-
roxine and matching placebo for free; they did not
receive or provide financial contributions.

Open access funding provided by Universitat Bern.

Funding

This project is funded by grants from the Swiss
National Science Foundation (320030-172676 and
32003B_200606 to Nicolas Rodondi). A research
grant from the European Union FP7- HEALTH-
2011 program (grant agreement number 278148)
financed the TRUST trial. Other financial support
was supplied by grants from the Swiss Heart
Foundation (to Nicolas Rodondi), and an
investigator-driven grant from Velux Stiftung
(974a to Nicolas Rodondi). IEMO 80+ trial was
funded by Netherlands Organisation for Health
Research and Development (ZonMw, grant num-
ber 627001001). The anti-TPO measurements
were funded by the European Commission-funded
project THYRAGE (Diana van Heemst, Horizon
2020 research and innovation programme under
grant agreement 666869). Levothyroxine and
matching placebo were furnished free of charge by
the healthcare business of Merck KGaA, Darm-
stadt, Germany. The IEMO 80+ thyroid trial has
been peer-reviewed and approved for funding
under the ZonMw programme Evidence-based
Medicine in Old Age, ZonMW programme num-
ber: 627001001. Tinh-Hai Collet’s research is
supported by grants from the Swiss National Sci-
ence Foundation (PZOOP3-167826), the Leenaards
Foundation, the Vontobel Foundation, the Swiss
Society of Endocrinology and Diabetes, and the
Swiss Multiple Sclerosis Society.

The funders, the trial sponsors (NHS Greater Glas-
gow and Clyde Health Board and the University
of Glasgow, UK; University College Cork, Ireland;
Leiden University Medical Center, the Netherlands;
University of Bern and Bern University Hospital,
Switzerland), and the healthcare business of Merck
KGaA, Darmstadt, Germany had no role in the
design, analysis, or reporting of the results of the
trial. The authors vouch for the accuracy and com-
pleteness of the data and analyses reported and for
the fidelity of the trial to the protocol.

Conflict of interest

All authors have completed the ICMJE uniform dis-
closure form at www.icmje.org/coi_disclosure.pdf
and have confirmed that they have no conflict of
interest. The lead author (N. R.) affirms that the
manuscript is an honest, accurate, and transpar-
ent account of the study being reported; that no
important aspects of the study have been omit-
ted; and that any discrepancies from the study as

© 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on hehalf of Association for Publication of The Journal of Internal Medicine. ~ 901

Journal of Internal Medicine, 2022, 292; 892-903


http://www.icmje.org/coi_disclosure.pdf

JIM Thyroid antibodies and LT4 in SHypo / C. Lyko et al.

originally planned (and if relevant, registered) have
been explained.

Author contributions

C. L. and M. B. had full access to all the data in the
study and take responsibility for the integrity of the
data and the accuracy of the data analysis. N. R,
T.Q.,P. K., J. G.,, R. W,, and S. M. conceived and
designed the study. All authors contributed to data
acquisition, analysis, and interpretation. M. B., N.
A., and C. D. performed the statistical analyses. C.
L. and M. B. drafted the manuscript. All authors
revised the manuscript for important intellectual
content. N. R. obtained funding. N. R., T. Q., P. K.,
J. G., R. W,, and S. M. were responsible for admin-
istrative, technical, and material support. N. R., T.
Q., P. K., J. G., R. W,, and S. M. supervised the
study. N. R. is the guarantor. The corresponding
author attests that all listed authors meet author-
ship criteria and that no others meeting the criteria
have been omitted.

Data availability statement

Data for this study will be made available to oth-
ers in the scientific community upon request after
publication. Data will be made available for scien-
tific purposes for researchers whose proposed use
of the data has been approved by a publication
committee. For data access, please contact the cor-
responding author.

References

1 Canaris GJ, Manowitz NR, Mayor G, Ridgway EC. The Col-
orado thyroid disease prevalence study. Arch Inter Med.
2000;160(4):526-34.

2 Garber JR, Cobin RH, Gharib H, Hennessey JV, Klein I,
Mechanick JI, et al. Clinical practice guidelines for hypothy-
roidism in adults: cosponsored by the American Association
of Clinical Endocrinologists and the American Thyroid Asso-
ciation. Thyroid. 2012;22(12):1200-35.

3 Pearce SH, Brabant G, Duntas LH, Monzani F, Peeters RP,
Razvi S, et al. 2013 ETA guideline: management of subclinical
hypothyroidism. Eur Thyroid J. 2013;2(4):215-28.

4 Bekkering GE, Agoritsas T, Lytvyn L, Heen AF, Feller M,
Moutzouri E, et al. Thyroid hormones treatment for sub-
clinical hypothyroidism: a clinical practice guideline. BMJ.
2019;365:12006.

5 Rodriguez-Gutierrez R, Maraka S, Ospina NS, Montori VM,
Brito JP. Levothyroxine overuse: time for an about face?
Lancet Diabetes Endocrinol. 2017;5(4):246-8.

6 Razvi S, Korevaar TIM, Taylor P. Trends, determinants, and
associations of treated hypothyroidism in the United King-
dom, 2005-2014. Thyroid. 2019;29(2):174-82.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Brito JP, Ross JS, El Kawkgi OM, Maraka S, Deng Y, Shah
ND, et al. Levothyroxine use in the United States, 2008-2018.
JAMA Intern Med. 2021;181:1402-5.

Stott DJ, Rodondi N, Kearney PM, Ford I, Westendorp
RGJ, Mooijaart SP, et al. Thyroid hormone therapy for
older adults with subclinical hypothyroidism. N Engl J Med.
2017;376(26):2534-44.

Mooijaart SP, Du Puy RS, Stott DJ, Kearney PM, Rodondi
N, Westendorp RGJ, et al. Association between levothyroxine
treatment and thyroid-related symptoms among adults aged
80 years and older with subclinical hypothyroidism. JAMA.
2019;322:1977-86.

Feller M, Snel M, Moutzouri E, Bauer DC, de Montmollin M,
Aujesky D, et al. Association of thyroid hormone therapy with
quality of life and thyroid-related symptoms in patients with
subclinical hypothyroidism: a systematic review and meta-
analysis. JAMA. 2018;320(13):1349-59.

de Montmollin M, Feller M, Beglinger S, McConnachie A,
Aujesky D, Collet TH, et al. L-Thyroxine therapy for older
adults with subclinical hypothyroidism and hypothyroid
symptoms: secondary analysis of a randomized Trial. Ann
Inter Med. 2020;172(11):709-16.

Merrill SJ, Mu Y. Thyroid autoimmunity as a window
to autoimmunity: an explanation for sex differences in
the prevalence of thyroid autoimmunity. J Theoret Biol.
2015;375:95-100.

Caturegli P, De Remigis A, Rose NR. Hashimoto thyroiditis:
clinical and diagnostic criteria. Autoimmun Rev. 2014;13(4-
5):391-7.

Sinclair D. Analytical aspects of thyroid antibodies estima-
tion. Autoimmunity. 2008;41(1):46-54.

Pearce EN, Farwell AP, Braverman LE. Thyroiditis. N Engl J
Med. 2003;348(26):2646-55.

Huber G, Staub JJ, Meier C, Mitrache C, Guglielmetti M,
Huber P, et al. Prospective study of the spontaneous course of
subclinical hypothyroidism: prognostic value of thyrotropin,
thyroid reserve, and thyroid antibodies. J Clin Endocrinol
Metab. 2002;87(7):3221-6.

Hollowell JG, Staehling NW, Flanders WD, Hannon WH,
Gunter EW, Spencer CA, et al. Serum TSH, T(4), and thy-
roid antibodies in the United States population(1988 to 1994):
National Health and Nutrition Examination Survey(NHANES
III). J Clin Endocrinol Metab. 2002;87(2):489-99.

Ragusa F, Fallahi P, Elia G, Gonnella D, Paparo SR, Giusti
C, et al. Hashimotos’ thyroiditis: epidemiology, pathogene-
sis, clinic and therapy. Best Pract Res Clin Endocrinol Metab.
2019;33(6):101367.

Dayan CM, Daniels GH. Chronic autoimmune thyroiditis.
N Engl J Med. 1996;335(2):99-107.

Vanderpump MP, Tunbridge WM, French JM, Appleton D,
Bates D, Clark F, et al. The incidence of thyroid disorders
in the community: a twenty-year follow-up of the Whickham
Survey. Clin Endocrinol. 1995;43(1):55-68.

Biondi B, Cappola AR, Cooper DS. Subclinical hypothy-
roidism: a review. JAMA. 2019;322(2):153-60.

Peeters RP. Subclinical hypothyroidism. N Engl J Med.
2017;376(26):2556-65.

McDermott MT, Haugen BR, Lezotte DC, Seggelke S, Ridgway
EC. Management practices among primary care physicians
and thyroid specialists in the care of hypothyroid patients.
Thyroid. 2001;11(8):757-64.

902 © 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.

Journal of Internal Medicine, 2022, 292; 892-903



JIM Thyroid antibodies and LT4 in SHypo / C. Lyko et al.

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Kiel S, Ittermann T, Volzke H, Chenot JF, Angelow A. Fre-
quency of thyroid function tests and examinations in par-
ticipants of a population-based study. BMC Health Serv Res.
2020;20(1):70.

Razvi S, Ingoe L, Keeka G, Oates C, McMillan C, Weaver
JU. The beneficial effect of L-thyroxine on cardiovascular
risk factors, endothelial function, and quality of life in sub-
clinical hypothyroidism: randomized, crossover trial. J Clin
Endocrinol Metab. 2007;92(5):1715-23.

Najafi L, Malek M, Hadian A, Ebrahim Valojerdi A, Khamseh
ME, Aghili R. Depressive symptoms in patients with sub-
clinical hypothyroidism—the effect of treatment with levothy-
roxine: a double-blind randomized clinical trial. Endocr Res.
2015;40(3):121-6.

Kong WM, Sheikh MH, Lumb PJ, Naoumova RP, Freedman
DB, Crook M, et al. A 6-month randomized trial of thyroxine
treatment in women with mild subclinical hypothyroidism.
Am J Med. 2002;112(5):348-54.

Stott DJ, Gussekloo J, Kearney PM, Rodondi N, Westendorp
RG, Mooijaart S, et al. Study protocol; Thyroid hormone
Replacement for Untreated older adults with Subclini-
cal hypothyroidism—a randomised placebo controlled Trial
(TRUST). BMC Endocr Disord. 2017;17(1):6.

Ndebele P. The Declaration of Helsinki, 50 years later. JAMA.
2013;310(20):2145-6.

Vere D. MRC guidelines for good clinical practice in clinical
trials. J Med Ethics. 1999;25(3):280-1.

ROCHE. Product information anti-TPO Immunoassay, Elec-
sys and Cobas e analyzers. In: GmbH RD, editor. 2012.
https:/ /labogids.sintmaria.be/sites/default/files /files /anti-
tpo_2018-09_v6.pdf

Dhillon-Smith RK, Coomarasamy A. Levothyroxine in women
with thyroid peroxidase antibodies before conception. Reply.
N Engl J Med. 2019;381(2):190-1.

O’Leary PC, Feddema PH, Michelangeli VP, Leedman PJ,
Chew GT, Knuiman M, et al. Investigations of thyroid hor-
mones and antibodies based on a community health survey:
the Busselton thyroid study. Clin Endocrinol. 2006;64(1):97—
104.

Walsh JP, Bremner AP, Feddema P, Leedman PJ, Brown
SJ, O’Leary P. Thyrotropin and thyroid antibodies as pre-
dictors of hypothyroidism: a 13-year, longitudinal study of a
community-based cohort using current immunoassay tech-
niques. J Clin Endocrinol Metab. 2010;95(3):1095-104.
Wong CK, Lang BH, Lam CL. A systematic review of quality of
thyroid-specific health-related quality-of-life instruments rec-
ommends ThyPRO for patients with benign thyroid diseases.
J Clin Epidemiol. 2016;78:63-72.

Watt T, Hegedus L, Groenvold M, Bjorner JB, Rasmussen
AK, Bonnema SJ, et al. Validity and reliability of the novel
thyroid-specific quality of life questionnaire, ThyPRO. Eur J
Endocrinol. 2010;162(1):161-7.

EuroQol Group. EuroQol—a new facility for the measurement
of health-related quality of life. Health Policy. 1990;16(3):199—
208.

Rodondi N, den Elzen WP, Bauer DC, Cappola AR,
Razvi S, Walsh JP, et al. Subclinical hypothyroidism and
the risk of coronary heart disease and mortality. JAMA.
2010;304(12):1365-74.

Gussekloo J, van Exel E, de Craen AJ, Meinders AE, Frolich
M, Westendorp RG. Thyroid status, disability and cogni-

tive function, and survival in old age. JAMA. 2004;292(21):
2591-9.

40 Hyland KA, Arnold AM, Lee JS, Cappola AR. Persistent
subclinical hypothyroidism and cardiovascular risk in the
elderly: the cardiovascular health study. J Clin Endocr Metab.
2013;98(2):533-40.

41 Biondi B. The normal TSH reference range: what has
changed in the last decade? J Clin Endocr Metab. 2013;98(9):
3584-7.

42 Surks MI, Hollowell JG. Age-specific distribution of serum
thyrotropin and antithyroid antibodies in the US pop-
ulation: implications for the prevalence of subclinical
hypothyroidism. J Clin Endocrinol Metab. 2007;92(12):4575-
82.

43 Cappola AR. The thyrotropin reference range should be
changed in older patients. JAMA. 2019;322(20):1961-2.

44 Wells BJ, Hueston WJ. Are thyroid peroxidase antibodies
associated with cardiovascular disease risk in patients
with subclinical hypothyroidism? Clin Endocrinol(Oxf).
2005;62(5):580-4.

45 Watt T, Barbesino G, Bjorner JB, Bonnema SJ, Bukvic B,
Drummond R, et al. Cross-cultural validity of the thyroid-
specific quality-of-life patient-reported outcome measure,
ThyPRO. Qual Life Res. 2015;24(3):769-80.

Correspondence: Manuel R. Blum, Department of General Inter-
nal Medicine, Inselspital, Bern University Hospital, University of
Bern, Freiburgstrasse 18, 3010 Bern, Switzerland.

Email: manuel.blum@biham.unibe.ch

Supporting Information

Additional Supporting Information may be found in
the online version of this article:

Supplementary Figure 1: TSH levels over time
according to anti-TPO status.

Supplementary Figure 2: ThyPRO Hypothyroid
Symptoms score by anti- TPO and subgroups.
Supplementary Figure 3: ThyPRO Tiredness
Score by anti-TPO and subgroups.
Supplementary Table 1: Baseline characteristics
in TRUST and IEMOS80+ participants with and
without measurement of anti-TPO antibodies.
Supplementary Table 2: Baseline characteristics
by treatment group in all TRUST and IEMOS80+
participants.

Supplementary Table 3: Outcomes after
12 months of treatment in per-protocol popu-
lation.

Supplementary Table 4: Outcomes at the end of
the study by baseline anti-TPO status.
Supplementary Table 5: 12-months change in
outcomes by treatment group and baseline anti-
TPO status after adjustment for stratification
variables, pre-existing medical condition and TSH
at baseline. ®

© 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on hehalf of Association for Publication of The Journal of Internal Medicine. 903

Journal of Internal Medicine, 2022, 292; 892-903


https://labogids.sintmaria.be/sites/default/files/files/anti-tpo_2018-09_v6.pdf
https://labogids.sintmaria.be/sites/default/files/files/anti-tpo_2018-09_v6.pdf



