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A B S T R A C T

Introduction: It is uncertain whether subclinical hypothyroidism should be treated with levothyroxine, parti-
cularly in the elderly. This study evaluated the association between levothyroxine treatment and mortality in
individuals 65 years or older with subclinical hypothyroidism and TSH values< 10 mIU/L.
Methods: A case-control study in which patients 65 years or older with TSH levels of 4.2–10 mIU/L who died in
the years 2012–2016 (‘cases’) were compared with matched individuals who did not die during this period
(‘controls’). Matching was based on gender, age, Charlson comorbidity index, date of TSH testing, duration of
follow-up and TSH quartile. All cases of known thyroid disease or cases in which anti-thyroid medications or
glucocorticoids were dispensed in the year preceding the TSH evaluation were excluded. Use of levothyroxine
was compared between groups.
Results: During the follow-up period, 419 individuals died and these were matched with 1558 individuals who
did not. Factors found to be associated with mortality were age, senile dementia, congestive heart failure,
chronic renal failure and a history of cerebrovascular disease. On multivariate analysis, treatment with le-
vothyroxine was associated with significantly increased mortality (HR = 1.19 CI 1.03–1.38). Femoral fractures
and atrial fibrillation following initiation of levothyroxine therapy were not more prevalent in individuals who
died during the follow-up period.
Conclusions: Treatment with levothyroxine is associated with significantly increased mortality in individuals
65 years or older with subclinical hypothyroidism and TSH < 10.

1. Introduction

The association between subclinical hypothyroidism (scH) and
mortality in the elderly is debatable. Several studies have suggested
that hypothyroidism in the elderly may in fact be protective [1],
whereas others have suggested that there is no association between scH
and mortality [2–4]. A recent study reported an association between
scH and mortality with a threshold of TSH values of 6.38 mIU/L or
higher [5], whereas a threshold of 10 mIU/L was suggested in other
studies [6,7]. Whether levothyroxine should be routinely prescribed to
individuals with scH is unclear. It is also unclear whether treatment is
more beneficial in the elderly and at what TSH levels it is appropriate, if
at all [8–11]. A recent prospective study [12] evaluated the functional
consequences of treatment with levothyroxine in elderly patients with

scH and found no beneficial effect of treatment with levothyroxine. In
that study the occurrence of fatal and non-fatal cardiovascular events
was only evaluated as a secondary outcome and mortality was not a
predefined outcome. In this study, the association between levothyr-
oxine treatment and all-cause mortality in elderly individuals with scH
was evaluated.

2. Patients and methods

2.1. Patients

This was a case-control study in which data were collected from the
Clalit Health Medical Organization (CHMO) database. As of January
2017, CHMO insures 4.4 million individuals in Israel, of which 603,000
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are ≥65 years old. The CHMO database is a comprehensive compu-
terized data warehouse that stores demographic and medical data. Data
are aggregated by continuous real-time input from physicians and
health service providers, and include medical diagnosis, laboratory data
and medications dispensed. The database includes all laboratory tests
performed in the individual, both during hospitalization and on an
outpatient basis, but for the purpose of this analysis only outpatient
laboratory tests were included. Data on socioeconomic status (SES)
were derived from the Israel Central Bureau of Statistics. SES was based
on the SES of the clinic and categorized as low, moderate or high. For
the purpose of this study we queried demographic data (age, gender,
SES), co-morbidities, outpatient laboratory data, mortality data and
dispensed medications. Charlson comorbidity index was used to esti-
mate the burden of comorbidities in the study population [13]. This
index contains 19 issues including diabetes mellitus, congestive heart
failure, peripheral vascular disease, chronic pulmonary disease, mild
and severe liver disease, hemiplegia, renal disease, leukemia, lym-
phoma, metastatic tumor, and acquired immunodeficiency syndrome
(AIDS), each of which is weighted according to their potential influence
on mortality and has been adapted and verified as applicable and valid
for predicting the outcome and risk of death from many comorbid
diseases.

The study population included all individuals ≥65 years old in-
sured by the CHMO who had at least one serum TSH
determination> 4.2 mIU/L but lower than 10 mIU/L, in 2012–2016,
providing they did not have an abnormal TSH or free T4 value in the
year prior to the index evaluation and that the patient did not die in the
year following the initial TSH assay, to allow for sufficient levothyr-
oxine exposure. Patients with a diagnosis of hypothyroidism or hy-
perthyroidism prior to the index TSH evaluation and those who were
treated with systemic glucocorticoids or thionamides in the year pre-
ceding the index evaluation or with levothyroxine at any point prior to
the index evaluation were excluded from the analysis. In addition, be-
cause use of medications that may affect thyroid hormone levels may
significantly impact the degree of control of thyroid function [14], ef-
fect of use of medications that may affect levothyroxine absorption,
(such as proton pump inhibitors, calcium and iron salts) on the asso-
ciation between use of levothyroxine and mortality was evaluated. This
was performed based on at least two prescriptions/year of these med-
ications. TSH values during follow-up were compared between those in
which levothyroxine was initiated and those in which they were not.
Follow-up data was evaluated until 30 April 2017. The study was ap-
proved by the CHMO ethics committee.

2.2. Laboratory analysis

TSH determinations were performed using the Immulite 2000
(Diagnostic Products Corp, Los Angeles, CA) and Centaur (Bayer Health
Care) apparatus for which upper and lower limits are 0.35–4.2 mIU/L,
as previously described [15,16]. Free T4 (fT4) determinations were
performed as described [17] for which upper and lower limits are
10–20 pmol/L. These cutoffs were used based on the normal values
defined by the central laboratory at CHS in which the samples were
analyzed. Patients with TSH values of 4.2–10 mIU/L were included in
the analysis but only if TSH values were within normal limits in the
previous year and providing that free T4 values were not abnormal
(< 10 pmol/L or> 20 pmol/L). All-cause mortality was compared
between those treated with levothyroxine and those who were not
treated during the follow up period (01/2012-04/2017). Each subject
was assigned into TSH quartiles according to his first TSH value (TSH
4.2–4.47 mIU/L, 4.47–4.92 mIU/L, 4.92–5.77 mIU/L, 5.77–10 mIU/L).

3. Statistical analysis

Cases were defined as all individuals in the cohort who were living
one year following the initial levothyroxine prescription, but died

during the follow-up following this exposure period. For each case up to
four controls were randomly selected and matched on sex, age
(± 3 years), Charlson comorbidity score, calendar date of first TSH test
(± 12 months), duration of follow-up and TSH quartile. Controls were
assigned the same index date (mortality date) as their matched cases.
Baseline characteristics of ‘cases’ and ‘controls’ were compared using
Chi square tests for categorical variables, t-tests for continuous vari-
ables normally distributed and Mann-Whitney for continuous variables
not normally distributed. A multivariable conditional logistic regression
was performed to estimate odds ratios (ORs) and 95% confidence in-
terval (CIs) for the association between levothyroxine and mortality,
adjusting for age, which was not completely matched between ‘cases’
and ‘controls’, ethnicity and comorbidities. All statistical analyses were
performed using SPSS 21 (SPSS Inc., Chicago, IL, USA).

4. Results

During the study period, 419 patients ≥65 years old with sub-
clinical hypothyroidism and TSH levels< 10 mIU/L died and were
matched with 1558 ‘controls’. Matching was based on gender, age,
Charlson comorbidity index, date of performance of the TSH assay,
duration of follow-up and TSH quartile. Baseline characteristics and co-
morbidities of the analyzed cohort are presented in Table 1. Senile
dementia, congestive heart failure, cerebrovascular disease and chronic
renal failure were all more common in the ‘cases’ group whereas hy-
perlipidemia was more common in the ‘control’ group.

On logistic regression analysis, use of levothyroxine in individuals
with scH and TSH< 10 mIU/L was found to be associated with mor-
tality after adjustment for sociodemographic and comorbidity con-
founders (Table 2). Femoral fractures and atrial fibrillation occurring
after initiation of levothyroxine treatment were not more common in
‘cases’ group compared with the ‘control’ group.

Use of medications affecting levothyroxine absorption was present
in almost half of patients treated with levothyroxine (43%). The asso-
ciation between levothyroxine treatment and mortality was more pro-
nounced in patients treated with these medications (OR = 1.235
p = 0.085) than in those not treated with these medications
(OR = 1.105 p = 0.532). Treatment with proton pump inhibitors did
not affect the association with mortality, whereas treatment with iron
salts was significantly associated with mortality, compared with those
not treated with iron salts (OR = 4.07 vs OR = 1.165).

TSH values were evaluated in three time points following the index
TSH assay. At all three time points TSH levels were significantly lower
in those treated with levothyroxine compared with those not treated
with levothyroxine (second assay 4.3 mIU/L vs. 5.8 mIU/L, third assay
4.4 mIU/L vs. 6.1 mIU/L fourth assay 4.4 mIU/L vs. 5.2 mIU/L
p < 0.01 for all).

5. Discussion

This is the first study in the elderly in which treatment of scH was
found to be associated with increased mortality. This association has
been debated. A previous study reported that subclinical thyroid dis-
ease in general and scH in particular were associated with increased
mortality in the elderly [5], whereas other studies reported that scH
was not associated with excess mortality [18] or that TSH levels of
5–10 mIU/L may actually be protective in the elderly [19]. Another
study reported that scH was associated with excess mortality only in
those with congestive heart failure [20]. A recently published study
reported that in patients treated with levothyroxine for scH, TSH levels
in the range of 5–10 mIU/L are associated with increased mortality
compared with TSH levels within the normal range and researchers
therefore argued that in those who require treatment with levothyr-
oxine, euthyroidism should be established [21]. It is questionable
whether scH is a cardiovascular risk factor in itself or whether it is
merely a marker of an increased cardiovascular risk independent of TSH
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