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RESUME

Background

TSH levels are known to increase with physiological aging. The use of reference values for
younger adults may be not applicable in older adults. The aim of this study was to evaluate the
association between TSH status (above or below the population-based median concentration)
and 3-month mortality in hospitalized older adults.

Methods

All consecutive patients aged 70 and over, admitted between January and April 2021 into the
Department of Geriatric Medicine of the University Hospital of Angers, France, with a TSH
measurement, were included in this longitudinal cohort study. The primary outcome was defined
as all-cause mortality within 3 months of hospitalization. We used the median of the TSH
concentration among the study population (ie, 1.5 mIU/L) to separate the cohort into 2 groups.
In parallel, euthyroidism was also defined according to standards for younger adults, i.e.
between 0.5 mIU/L and 4 mlIU/L. Age, sex, ssevere hypoalbuminemia, history of thyroid

problems, polypharmacy and serum creatinine were used as covariates.

Results

A total of 400 participants were included (mean, 84.6+5.8years; 51.3% women). TSH
concentrations <1.5mIU/L were associated with greater 3-month mortality risk (fully-
adjusted HR=2.13 [95CI: 1.26-3.62], p=0.005). In contrast, dysthyroidism according to
standards in younger adults was not associated with 3-month mortality (fully-adjusted HR=1.64
[95CI: 0.91-2.98], p=0.101).

Conclusions

TSH levels <1.5mIU/L were associated with an almost doubled mortality risk after 3 months in
hospitalized older adults. This suggests that a TSH concentration that would have been
considered normal in younger adults may actually be too low in older adults and associated with

poor prognosis.



INTRODUCTION

According to the WHO (World Health Organization), 1 in 4 people should reach the age of 65 and over by 2050,

and the number of people aged 80 and over should triple (1).

It is well-recognized that TSH concentrations are higher in the geriatric population than in the general population,
due to changes in the endocrine system during physiological ageing (2-4), including reduced TSH retro control of
the pituitary gland, reduced sensitivity of the thyroid gland to TSH, and also reduced TSH bioactivity (5).
Additionally, as in the general population, TSH is a marker influenced by numerous factors (6-7), such as sex,
iodine intake and exposition, sampling and dosage method, place of life, smoking, BMI and anti-TPO antibodies,
as well as several treatments which may affect the synthesis, secretion, and transport of thyroid hormones (such
as amiodarone, lithium or glucocorticoids) (8). For all these reasons, thyroid disease is common in older adults,
even if its prevalence remains difficult to assess due to the variety of factors influencing thyroid hormone levels
(9). Of note, many symptoms associated with hypothyroidism are also non-specific, such as asthenia,
constipation, and weight loss, which are common in older adults, thus making the diagnosis even more difficult

(10).

If untreated, thyroid disease can lead to various and severe complications including cardiovascular, neurological,
and metabolic disorders. The consequences of thyroid disease in older adults remain not fully elucidated; some
studies finding an association between dysthyroidism and increased risks of morbidity and mortality (5;11-14),
while other studies revealed increased TSH values as a protective factor instead (13;15). Such discrepancies may
be explained by the wide variability in TSH concentration based on the above-mentioned factors, particularly
between countries depending on iodine intake and exposure, but can also be attributed to the heterogeneity of
the studied populations. It is also plausible that the standards used in younger adults may not be applicable to

older adults, with a risk of over- or under-diagnosis of thyroid disease.

We had the opportunity to examine the prognosis of one cohort of hospitalized older adults according to a
population-based cutoff concentration of TSH concentration. The main objective of the present study was to
evaluate the association between TSH status (above or below the median concentration) and 3-month mortality

in hospitalized older adults.



METHODES

Patients’ data

In this observational single-center cohort study, all consecutive patients aged 70 and over, admitted between
January and April 2021 to the Department of Geriatric Medicine of the University Hospital of Angers, France, both
in the conventional unit and in day hospitalization, with a TSH measurement, were included. Exclusion criterion
was the opposition to the use of clinical and biological measures for research purpose.

Primary outcome measure

All-cause mortality within 3 months of hospitalization was determined using hospital medical files and information
available from INSEE (Institut National de la Statistique et des Etudes Economiques) death files.

TSH concentration

The serum TSH concentration was measured on the same day or the day after admission to hospital. We used
the median of the TSH concentration among the study population (ie, 1.5 mIU/L) to define the cut-off to separate
the cohort into 2 groups. In parallel, euthyroidism was also defined according to the French national health
authorities (Haute Autorité de Santé, HAS) guidelines for younger adults, i.e. between 0.5 mIU/L and 4 mIU/L.
Covariates

The history of previous thyroid disease was investigated using patients’ medical files, and by interviewing family
doctors and patients’ relatives. The use of TSH replacement therapy (L-Thyroxine) during the data collection
period was noted. Similarly, the number of drugs used per day was determined. Polypharmacy was defined as
taking at least 5 drugs per day, according to the HAS guidelines.

The body mass index (BMI) was calculated based on the height and weight recorded in their medical records.
Serum albumin concentration was standardizedly measured at the Imaboratory of Angers University Hospital, and
severe hypoalbuminemia was defined as being strictly below 30 g/L, according to the HAS definition of severe
undernutrition.

Statistical analysis

The participants’ characteristics were summarized using medians [interquartile range] or
numbers and percentages, as appropriate. Firstly, comparisons between participants separated
into two groups, according to the median cutoff of TSH concentration (ie, < 1.5 versus = 1.5
mIU/L), were performed using Mann-Whitney Wilcoxon test or Chi square test, as appropriate.

Secondly, non-adjusted and fully adjusted Cox regression models were used to examine the



association of lower serum TSH level (ie, <1.5 mIU/L) (independent variable) with the 3-month
mortality (dependent variable). Thirdly, survival curves were computed according to the Kaplan-
Meier method and compared using log-rank test. P-values<0.05 were considered significant. All
statistics were performed using SAS® version 9.4 software (SAS Institute Inc.) and Figure 2

was performed using R (R core Team, 2018).

Ethics

The study database was approved by the Ethics Committee of the University Hospital of Angers, France (N°2023-

080), and by the French national CNIL (n°ar22-0019v0).



RESULTATS

As shown in the flow chart (Figure 1), among the 473 consecutive patients selected for the study, 400 were finally
included in the analysis. Six patients were excluded due to missing data on the variables of interest, and 67 were
excluded due to the use of synthetic antithyroid drugs or levothyroxine.

As illustrated in Table 1, participants were aged 84.6 £ 5.8 years on average (minimum 70 years and maximum
100 years), 51.3% were women. Fifteen patients (3.8%) had a history of thyroid disease of any kind; 62 patients
(15.5%) exhibited severe hypoalbuminemia and 286 patients (71.5%) were taking at least 5 treatments per day.
The median TSH was 1.5 mIU/L [0.82-2.30] and the median creatinine concentration was 76 pmol/L [60-95].
Among the 400 patients included, 196 (49%) had a TSH concentration < 1.5 mIU/L, with a median value of 0.8
mIU/L [0.53-1.20]. In this group, the proportion of patients with severe hypoalbuminemia (ie, 38 patients
representing 19.4%) was higher (p=0.035) compared to those in the group with TSH > 1.5 mIU/L (ie, 24 patients
representing 11.8%). Finally, 61 patients (15.3%) died within 3 months following hospitalization.

According to French national health authorities (Haute Autorité de Santé, HAS) guidelines, 41 patients (10.3%)
had hyperthyroidism, including 11 patients who died (26.8%) and 20 patients (5.0%) had hypothyroidism,
including 5 patients who died (25.0%). In the adjusted model, there is no association between the patients with
dysthyroidism versus those with TSH levels between 0,5 and 4 mIU/I (HR = 1.64 [0.91-2.98]; p=0.101). Using
the HAS definitions for euthyroidism in younger adults, 61 patients (15.3%) exhibited dysthyroidism (ie, TSH
below 0.5 mIU/L or above 4 mIU/L) including 16 patients who died during the 3-month follow-up (26.2%).

As illustrated in Table 2, the TSH concentration < 1.5 mIU/L was associated with a doubled risk of 3-month
mortality (HR = 2.13 [1.26-3.62]; p=0.005) in the unadjusted model. The association remained significant in the
fully adjusted model (HR = 1.80 [1.06-3.08]; p=0.031). Of note, severe hypoalbuminemia was also significantly
associated with an increased risk of mortality in both unadjusted (HR = 5.46 [3.29-9.06]; p<0.001) and fully
adjusted (HR = 4.55 [2.68-7.74]; p<0.001) models. In contrast, dysthyroidism according to HAS definition for
euthyroidism in younger adults was not associated with 3-month mortality (fully adjusted HR = 1.64 [0.91-2.98];
p=0.101).

As revealed in Figure 2, Kaplan-Meier survival curves showed that participants in the group 0 with TSH
concentrations < 1.5 mIU/L had a shorter survival time than those in the group with TSH concentrations > 1.5

mIU/L (log-rank test p=0.004). At the end of the 3-month follow-up, 40 deaths were noticed in the group with



TSH concentrations < 1.5 mIU/L (20.4%) and 21 in the group with TSH concentrations = 1.5 mIU/L (10.3%)

(Chi2 test; p=0.005).



DISCUSSION ET CONCLUSION

This observational cohort study found that TSH levels of less than the population-based median value of 1.5
mIU/L were associated with a doubled mortality risk after 3 months in hospitalised older adults aged 70 years
and over. It also showed that severe hypoalbuminemia, which is part of the criteria for defining severe
undernutrition, considerably increased the risk of mortality. In contrast, using the consensual criteria for

euthyroidism in younger adults could not predict 3-month prognosis in this cohort of older adults.

Although there is a vast literature on thyroid function in older adults, previous studies were highly divergent and
reported inconsistent results. For instance, Ceresini et al. found an increased mortality risk in patients over 65
years of age with a TSH concentration < 0.93 mIU/L followed over 9 years (5). Similarly, Grossman et al.
described increased mortality risk in both subclinical hyperthyroidism and subclinical hypothyroidism (16). In
contrast, Rodondi et al. found that the increase in TSH was correlated with an increase in the risk of coronary
heart disease and mortality, in particular when TSH exceeded 10 mIU/L (17). Also, other studies found no
association between TSH values and mortality, including one study by Waring et al. in men aged 65 and over
(18), and one study by Pearce et al. in patients aged 85 and over with either subclinical hypothyroidism or

subclinical hyperthyroidism (19).

The association between TSH and mortality may be explained by an increase in the occurrence of cardiovascular
events (12-13; 17; 20). In the study by Selmer et al, the leading cause of death in cases of hyperthyroidism
(whether subclinical or established) was heart failure. Similarly, in the study by Wang et al, 39.5% of the causes
of death were cardiovascular. Subclinical hypothyroidism and hypothyroidism are also frequently accompanied by
metabolic syndrome, which may even more increase the risk of cardiovascular events (3; 21). Finally, the increase
in mortality risk could also be explained by age-related physiological endocrine changes, particularly in the

pituitary gland, which are still under investigation.

For the purpose of this study, all patients treated with levothyroxine or synthetic antithyroid drugs were excluded
in order to avoid interfering with the results, as in most other studies on the same subject (5; 12-13). However,
it is very important to ask questions about these treatments, particularly in the case of levothyroxine
supplementation, because without proper monitoring, this treatment would be ineffective or could lead to

hyperthyroidism. A recent publication states that levothyroxine treatment should not be initiated until the TSH



remains below 7 mIU/L or even 10 mIU/L, and that the objectives should depend on the patient's age (22). This

was also reported in the study by Stott et al. who found no benefit in treating subclinical hypothyroidism (23).

The limitations of the present study include its single-centre nature and the lack of distinction between the causes
of dysthyroidism. However, few studies in the literature differentiate between peripheral and central causes, and
the single-centre design allowed for TSH measurements in one single laboratory. It is also of note that the results
were collected from a population hospitalised with an acute intercurrent pathology, which may have affected the
TSH value. Finally, as the data was collected between January 1 and April 30, 2021, the hospital population

included many cases of SARS-CoV-2, which may have had an impact on the biological results and prognosis.

Conclusions

We found that TSH levels of less than 1.5 mIU/L were associated with a doubled mortality risk after 3 months in
hospitalised older adults aged 70 years and over. In contrast, consensual standards in younger adults could not
predict 3-month prognosis in this cohort of older adults. These results strengthen the trend over the last thirty
years or so to re-evaluate the reference values for TSH in older adults, by showing that a TSH concentration that
would have been considered normal in middle-aged adults may actually be too low in older adults and associated

with increased mortality risk.
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Patients from GERIATHYR study

with TSH measurement available

Exclusions N=73

e Missing data on:
- Use of medication for thyroid problems (n=2)
- History of thyroid problems (n=2)
- Number of treatments taken per day (n=1)
- Albuminemia (n=1)
e Use of synthetic antithyroid drugs or LEVOTHYROX (n=67)

Analyzed N = 400

Figure 1. Flow chart.
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Figure 2. Kaplan-Meier estimates of the cumulative probability of participants’ survival according to TSH
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Table 1. Participants’ characteristics (N= 400).

TSH < 1,5 mIU/L

No Yes
Total cohort P value*
N=204 N=196
(N=400) ( ) ( )
Demographical data
Age (years), med [IQR] 84 [80-89] 85 [80-89] 84 [81-89] 0.763
Female sex 205 (51.3) 110 (53.9) 95 (48.5) 0.276
Clinical data
Severe hypoalbuminemiat 62 (15.5) 24 (11.8) 38 (19.4) 0.035
History of thyroid disease 15(3.8) 5(2.5) 10 (5.1) 0.163
Polypharmacy # 286 (71.5) 141 (69.1) 145 (74.0) 0.282
Biological data
Serum TSH, mIU/I, med [IQR] 1.50 [0.82-2.30] 2.30[1.80-3.00] 0.80[0.53-1.20] <0.001
Serum Creatinine, umol/L, med 76 [60-95] 75.5[60.5-92.0] 76.5[60.0-98.5] 0.603
[IQR]
Mortality
3-month mortality 61 (15.3) 21 (10.3) 40 (20.4) 0.005

* Chi2 for qualitative variables qualitatives, Mann-Whitney Wilcoxon test for quantitative variables;
IQR : interquartile range; TSH: Thyroid Stimulating Hormone; t: albumin <30 g/l ; #: number of

treatments per day > 5; significant p-values (ie, <0.05) in bold.
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Table 2. Multiple Cox proportional-hazards model showing the hazard ratio for 3-month mortality
(dependent variable) according to a serum TSH < 1.5 mIU/I (independent variable), adjusted for

participants’ characteristics (n=400).

3-month mortality

Unadjusted model Fully-adjusted model

HR [95% CI] P-value HR [95% CI] P-value
TSH < 1.5 mUu1/I 2.13[1.26-3.62] 0.005 1.80[1.06-3.08] 0.031
Age, years 1.05[1.002-1.09] 0.039 1.03 [0.98-1.07] 0.263
Female sex 0.74 [0.44-1.22] 0.234 0.89 [0.52-1.50] 0.649
Severe hypoalbuminemia* 5.46 [3.29-9.06] <0.001 4,55 [2.68-7.74] <0.001
History of thyroid problems  0.86 [0.21-3.51] 0.832 0.91 [0.22-3.76] 0.894
Polypharmacy # 1.38 [0.76-2.51] 0.286 1.23[0.66-2.30] 0.508

Serum creatinine, pmol/L ~ 1.003 [1.001-1.005] <0.001 1.002[0.999-1.004]  0.143

CI: Confidence Interval; HR: hazard ratio; TSH : Thyroid Stimulating Hormone ; *: albumin <30 g/I;

+: Number of treatment per day > 5. Significant p-values (<0.05) are highlighted in bold.
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BERTHOU Emilie

Association entre niveaux de Thyroid Stimulating Hormone (TSH) chez la personne
agée hospitalisée et mortalité a 3 mois

Introduction

On sait que les taux de TSH augmentent avec le vieillissement physiologique. L'utilisation de valeurs de
référence des adultes jeunes peut ne pas étre applicable aux personnes agées. L'objectif de cette étude était
d'évaluer I'association entre le statut de la TSH (au-dessus ou au-dessous de la concentration médiane basée
sur la population) et la mortalité a trois mois chez les adultes agés hospitalisés.

Méthodes

Tous les patients agés de 70 ans et plus, admis entre janvier et avril 2021 dans le service de gériatrie du CHU
d'Angers, en France, avec un dosage de la TSH, ont été inclus dans cette étude de cohorte longitudinale. Le
critére de jugement principal a été défini comme la mortalité, toutes causes confondues, dans les 3 mois
suivant I'hospitalisation. Nous avons utilisé la médiane de la concentration de TSH dans la population étudiée
(soit 1,5 mUI/L) pour séparer la cohorte en deux groupes. Parallélement, I'euthyroidie a également été définie
selon les normes applicables aux jeunes adultes, c'est-a-dire entre 0,5 mUI/L et 4 mUI/L. L'age, le sexe,
I'nypoalbuminémie sévére, les antécédents de problemes thyroidiens, la polymédication et la créatinine
sérique ont été utilisés comme covariables.

Résultats

Au total, 400 participants ont été inclus (moyenne 84,6+5,8 ans ; 51,3 % de femmes). Les concentrations
de TSH <1,5mUI/L étaient associées a un risque plus élevé de mortalité a 3 mois (HR entiérement ajusté=2,13
[95CI : 1,26-3,62], p=0,005). En revanche, la dysthyroidie selon les normes chez les jeunes adultes n'était
pas associée a la mortalité a 3 mois (HR entiérement ajusté=1,64 [95CI : 0,91-2,98], p=0,101).
Conclusions

Les niveaux de TSH <1,5mUI/L ont été associés a un risque de mortalité presque doublé aprés 3 mois chez
les adultes agés hospitalisés. Cela suggere qu'une concentration de TSH qui aurait été considérée comme
normale chez des adultes plus jeunes peut en fait étre trop faible chez les adultes plus dgés et associée a un
mauvais pronostic.

Mots-clés : TSH, thyroide, mortalité, personne agée

Association between Thyroid Stimulating Hormone (TSH) levels and 3-month
mortality among hospitalized older adults

Background

TSH levels are known to increase with physiological aging. The use of reference values for younger adults
may be not applicable in older adults. The aim of this study was to evaluate the association between TSH
status (above or below the population-based median concentration) and 3-month mortality in hospitalized
older adults.

Methods

All consecutive patients aged 70 and over, admitted between January and April 2021 into the Department of
Geriatric Medicine of the University Hospital of Angers, France, with a TSH measurement, were included in
this longitudinal cohort study. The primary outcome was defined as all-cause mortality within 3 months of
hospitalization. We used the median of the TSH concentration among the study population (ie, 1.5 mIU/L) to
separate the cohort into 2 groups. In parallel, euthyroidism was also defined according to standards for
younger adults, i.e. between 0.5 mIU/L and 4 mIU/L. Age, sex, ssevere hypoalbuminemia, history of thyroid
problems, polypharmacy and serum creatinine were used as covariates.

Results

A total of 400 participants were included (mean, 84.6+5.8years; 51.3% women). TSH concentrations
<1.5mIU/L were associated with greater 3-month mortality risk (fully-adjusted HR=2.13 [95CI: 1.26-3.62],
p=0.005). In contrast, dysthyroidism according to standards in younger adults was not associated with 3-
month mortality (fully-adjusted HR=1.64 [95CI: 0.91-2.98], p=0.101).

Conclusions

TSH levels <1.5mIU/L were associated with an almost doubled mortality risk after 3 months in hospitalized
older adults. This suggests that a TSH concentration that would have been considered normal in younger
adults may actually be too low in older adults and associated with poor prognosis.
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