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Assessment of mortality associated with thyroid status in a cohort of
euthyroid older adults from a geriatric outpatient dinic at a university

hospital

Abstract

Odbyjective: To assess the associations between the mean thyrotropin (TSH) and mean free
thyroxine (FT4), detected during follow-up, and mortality in a group of older euthyroid
patients according to age-specific reference range (as-RR) for TSH. Method: Retrospective
survival analysis cohort including euthyroid elderly patients who were being monitored
at the outpatient clinic of a university hospital from 2010 to 2013. All participants had
been assessed for the risk of functional disability as a criterion for admission to this
outpatient clinic. Mean TSH and FT4 values were calculated using hormone dosages
obtained during the follow-up period. Each as-RR for TSH was divided into four equal
patts, considering the lower levels as the main exposure variable (1.75 mlU/L for <80,
and <2.0 mIU/L for 280 years). FT4 levels were explored according to two categories
(< e 21.37 ng/dL). The outcome was time to death. We used Cox proportional hazard
regression to estimate the hazard ratio (HR) and 95% confidence interval (CI). Resu/ts:
285 participants (73% females, mean age =80.4 years) followed by a median of 5.7
years (IQR =3.7-6.4; maximum =7), of which 114 died. After the adjusted final model,
mortality was associated with the lowest mean TSH (HR=1.7; CI=1.1-2.7; p=0.016) and
with the upper mean of FT4 (HR=2.0; CI=1.0-3.8; p=0.052). Conclusions: Higher FT4
and lower TSH mean levels were associated with risk of death in a cohort of euthyroid
older adults using an as-RR of TSH.
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Thyroid status and mortality in older adults

INTRODUCTION

The relationship between thyroid hormone levels
and mortality depends on several conditions, but
primarily on the age of the studied group. Since
the publication of the first study' in 2004, which
demonstrated differences in the association between
mortality and subclinical hypothyroidism (SCH)
according to the age of the population, several
researchers have been interested in studying why
and how this association differs in older adults.
Longitudinal studies have demonstrated that elevated
thyroid-stimulating hormone (TSH) (also known
as thyrotropin) levels and decreased free thyroxine
(FT4) are associated with a lower risk of mortality**
and other adverse outcomes, such as functional

5.6

decline™® and sarcopenia’.

These studies differ in their methodology, as some
assess thyroid status based on the presence or absence
of SCH", while others examine vatious spectrums
of thyroid function, even including individuals with
serum TSH within the normal range'*, by studying
variations in serum levels of TSH or FT4. A recent
review of longitudinal studies involving euthyroid
adults identified that low concentrations of TSH were
associated with a higher risk of cardiovascular disease
and mortality regardless of age, while upper-normal
levels of F'T4 were associated with increased risk

only in individuals over 70 years old®.

It is well documented that TSH levels increase
progressively with age, even when excluding
individuals with biochemical evidence of thyroid
disease. This phenomenon does not correspond to
chronic thyroid dysfunction but is likely a normal
consequence of the aging process’, including without
evidence of benefit from levothyroxine replacement'’.
Therefore, it has become necessary to redefine what
constitutes normal TSH values in older populations,
as current reference values tend to overestimate
the diagnosis of subclinical hypothyroidism in this
population'"'2,

Age-adjusted TSH reference ranges have not been
applied in previous studies assessing the associations
between thyroid function in older individuals and
mortality. This may explain the results suggesting
better outcomes in older patients with SCH. One
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hypothesis is that these older adults may represent
a group of individuals who exhibit physiologically
expected elevations in serum TSH and do not
necessarily have a diagnosis of SCH. In this manner,
this group of older adults with higher serum TSH
levels likely exhibit better overall health than those
with lower TSH levels. Moreover, and of greater
significance, this group could receive a thyroid
disease diagnosis that would not exist if appropriate
age-specific references were applied for serum TSH
levels''2.

As of the present date, scientific data are
insufficient to assert that associations between
TSH levels and outcomes in older adults are in
concordance with variations in serum FT4. A meta-
analysis has indicated that serum FT4 likely exhibits
greater association power with clinical outcomes
than TSH". However, it is important to note that we
cannot place individuals with different characteristics
and health conditions, which are related to different
impacts on deiodinase function, into the same
analysis group. Considering that certain specific
populations, such as older adults and those with
chronic diseases, may have impaired deiodinase
function, it would be expected and justified that
TSH may not reflect a good parameter of thyroid
function in this patient group.

No previous study has assessed the associations
between thyroid status and mortality in older adults
considering the mean values of thyroid hormones
obtained over time rather than solely relying on
baseline measures. Furthermore, no study has
applied age-specific reference range (as- RR) for
TSH to define euthyroidism. Therefore, the aim of
the present study was to evaluate the associations
between mean TSH and FT4 levels with mortality
in a group of euthyroid older adult patients, using
as-RR for TSH to define normal thyroid function.

METHOD

This is a retrospective cohort study of survival
analysis, which included patients aged =65 years
followed by the geriatrics outpatient clinic of
a tertiary university hospital. Participants had

previously been screened for functional disability
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risk ', as the presence of higher risk was a criterion
for admission to this outpatient clinic. Annual
functional, cognitive, and laboratory assessments
are routine in the geriatrics outpatient clinic. All
patients who regularly attended the clinic between
March 2010 and December 2013 were considered
for inclusion in the study. Data were collected from
medical records at baseline, and at the third and sixth
years of follow-up.

Only patients who maintained serum TSH within
the age-adjusted reference interval" (0.4-5.8 mIU/L
for individuals <80 years and 0.4—6.7 mIU/L for
those 280 years) throughout the entire cohort period

were included in the statistical analyses.

Exclusion criteria included a history of thyroid
disease, use of levothyroxine or drugs affecting
thyroid function (such as lithium, amiodarone,
interferon, and radioiodine), recent hospitalization
(=2 months before the geriatric assessment scales
and hormonal assays). These criteria were assessed
at the beginning of the cohort and sought in medical
record records at the third and sixth years after the
initial assessment.

To assess the impact of specific hormonal profiles
on the studied outcome, we determined the means
of serum TSH and FT4 levels obtained during the
follow-up period. Serum levels of TSH and FT4 were
assessed using immunometric assays with a third-
generation automated chemiluminescence system
(Immulite 2000, Diagnostic Products Corporation,
Gwynedd, United Kingdom). The reference range
(RR) for TSH recommended by the manufacturer
was 0.4 to 4.0 mIU/L. However, instead of adopting
the manufacturer's recommended RR, we utilized
the age-specific reference range (as-RR) for TSH
previously determined for our population' (0.4-5.8
mIU/L for individuals <80 years and 0.4—6.7 mIU/L
for those 280 years). The mean TSH was divided
into four equal parts of the as-RR for individuals
<80 years (0.4-1.75; 1.76-3.10; 3.11-4.46; 4.47-5.8)
and for individuals aged 80 years or older (0.4—2.00;
2.01-3.60; 3.61-5.20; 5.21-6.7).The lower limit (0.4—
1.75 mIU/L for individuals <80 years and 0.4-2.0
mIU/L for those 280 years) was considered the main
exposure variable.
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The RR for FT4 recommended by the
manufacturer was 0.8-1.9 ng/dL, and the mean
FT4 levels were divided into two categories: values
in the upper half (1.37-1.9 ng/dL) or in the lower
half (0.8—1.36 ng/dL) of the RR.

All participants underwent a comprehensive
geriatric assessment, which included cognitive
evaluation using the Mini-Mental State Examination
(MMSE)"®, assessment of basic activities of daily
living (ADL) using the Katz Index'’, instrumental
activities of daily living (IADL) using the Health
Assessment Questionnaire (HAQ)", and depression
using either the Geriatric Depression Scale (GDS)*
or the Cornell Scale for Depression in Dementia
(CSDD)”. All scales used were validated for the
Brazilian population and administered by trained
physicians in the hospital's geriatrics department.

The cutoff value for cognitive impairment was
adjusted according to specific educational levels
for the Brazilian population' (MMSE <25 for
participants with formal education and MMSE
<19 for those without formal education). An GDS
score >5 (in patients with MMSE scores 213) or a
CSDD score 210 (MMSE scores <13) defined the
occurrence of depressive symptoms. The CSDD
has been recommended as a better instrument for
assessing depressive symptoms in patients with
decreased cognition®. Patients who scored maximum
on both scales (6 on the Katz Index and 3 on the
HAQ) were considered to have total functional
dependence.

We defined "polypharmacy” as the use of five
or more medications™. The occurrence of the fall
syndrome was determined by the report of =2 falls
in the previous year®. We defined "underweight"
as patients with a body mass index (BMI) <21 kg/
m2*. Smoking was defined as current or former
smoking cessation within the last 10 years. The
presence of medical comorbidities was assessed using
the Charlson Comorbidity Index, which takes into
account the patient's age and the presence of common
medical conditions®.

The outcome was time until death. Death was
initially sought through information in medical
records and telephone calls. In cases where medical
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records showed no record of outpatient consultation
for more than 6 months, no record of death, and
unsuccessful telephone contact, the mortality
outcome was accessed through probabilistic linkage
processes with the mortality database of the State of
Rio de Janeiro, Brazil, access to which was authorized
by the Rio de Janeiro State Health Department
(SES/R]), subject to ethical approval. The linkage
process followed best practice guidelines to ensure
data security and privacy. Thus, there was no loss
of follow-up for the outcome analysis (death). We
considered participants as survivors until the end
of the study as censoring,

The research complies with Resolution number
466/2012 and Resolution number 510/2016.
The Research Ethics Committee of the Hospital
Universitario Clementino Fraga Filho of the
Universidade Federal do Rio de Janeiro (UFR])
approved the study under opinion number 2,465,187,
on January 11, 2018, with a waiver of the requirement
for Informed Consent Form.

In the statistical analysis, we employed the Kaplan-
Meier method and the log-rank test to calculate
survival time and compare survival time between
different groups of patients. The Cox regression
model was used for both simple and multiple
analyses. We calculated hazard ratios (HR) and
corresponding 95% confidence intervals (CI) while
adjusting for all available covariates. All covariates
significant in the crude model at the p<0.20 level
was included in the multivariable Cox regression
model. The proportional hazards assumption was
assessed for all covariates, and none of them violated
the assumption. We performed adjustment of the
multivariable model and used the p-values from
the Wald tests of individual variables to identify
variables that could be excluded from the model to
remove a residual effect. This procedure resulted
in the removal of the total functional dependence
and baseline cognitive impairment covariates from
the final model. We included gender, which we
considered to be an important demographic variable.
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DATA AVAILABILITY

The data availability is not publicly accessible
due to the presence of information compromising
the privacy of research participants. The data file
for this study includes information derived from a
probabilistic linkage process, which precludes its
public sharing due to the commitment to disclose

only aggregated data.

RESULTS

Initially, a total of 427 patients were considered
potentially eligible. After applying the exclusion
criteria, the study group consisted of 285 participants,

as shown in Figure 1.

The population had a mean age of 80.4 years and
exhibited a high prevalence of cognitive impairment
(62.8%), with 4.2% showing total functional
dependence. The studied population consisted of 73%
women, presented with over 70% polypharmacy, and
a high Charlson Comorbidity Index. The maximum
follow-up period for a participant was 7 years. The
median duration was 5.7 years (IQR=3.7-6.4).

Table 1 displays the participants' characteristics
and compares these features between those who
died (n=114) and those who did not (n=171) during
the follow-up period.

The overall survival was 4.9 years (CI1=4.7-5.1;
p<0.001), while among participants with mean
TSH maintained at the lower limit, it was 4.4 years
(C1=3.8—4.9; p=0.011), and among those with FT4 in
the upper half, it was 3.8 years (C1=2.6-5.0; p=0.041).

Kaplan-Meier survival curves were generated for
different variables that could be associated. The lowest
survival rates were observed in euthyroid individuals
with mean FT4 in the upper half and in those with
mean TSH at the lower limit of normality. The
respective curves are presented in Figures 2 and 3.




Thyroid status and mortality in older adults

Figure 1. Flowchart of selection of study participants. Rio de Janeiro, R], Brazil, 2010/2013 and 2016/2018.

Table 1. Participants characteristics and comparison between those who died and those who did not die during
the follow-up period. Rio de Janeiro, R], Brazil, 2010/2013 and 2016/2018.

Total sample Death

Characteristics (285) Yes @=114)  No (n= 171) p-values
Mean Age (SD) years 80.4 (£6.9) 82.6 (£6.6) 78.9 (£6.6) <0.001
Female:Male 208:77 72:42 136:35 e
Females. No. (%) 208 (73%) 72 (63.2%) 136 (79.5%) 0.002
Total Functional Dependence. No. (%) 12 (4.2%) 10 (8.8%) 2 (1.2%) 0.002
Cognitive Impairment. No. (%) 179 (62.8%) 90 (78.9%) 89 (52%) <0.001
Depressive Symptoms. No. (%) 102 (35.8%) 42 (39.3%) 60 (36.4%) 0.631
Polypharmacy. No. (%) 210 (73.7%) 86 (75.4%) 124 (72.5%) 0.583
Fall Syndrome. No. (%) 63 (22.1%) 25 (21.9%) 38 (22.2%) 0.954
Underweight. No. (%) 22 (7.7%) 14 (12.4%) 8 (4.7%) 0.015
Charlson Comorbidity Index. median (IQR) 5.0 (4.0 —6.0) 6.0 (5.0 -7.0) 5.0 4.0 -5.0) <0.001
Smoking. No. (%) 106 (37.2%) 44 (38.6%0) 62 (36.5%) 0.717
Lower limit of the mean TSH. No. (%) 54 (18.9%) 32 (28.1%) 22 (12.9%) 0.002
Upper half of the mean FT4. No. (%) 14 (4.9%) 10 (9.3%) 4 (2.4%) 0.022
Follow-up Time in yeats. median (IQR) 57(3.7-6.4) 3.2(2.0-44) 6.3 (5.8-06.7) <0.001

SD: standard deviation; IQR: interquartile range; TSH: thyroid-stimulating hormone; FT4: free thyroxine.
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Figure 2. Kaplan-Meier survival curve for individuals with mean FT4 levels in the upper half of normality. Rio
de Janeiro, R], Brazil, 2010/2018.

Figure 3. Kaplan-Meier survival curve for individuals with mean TSH at the lower limit of normality. Rio de
Janeiro, R], Brazil, 2010/2018.
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Table 2 shows crude and multivariate Cox
regression model for all covariates estimating
overall mortality in patients between 2010 and 2018.
The risk of death in the crude model was associated
with age (HR=1.07; CI=1.04-1.09; p<0.001),
female sex (HR=0.5; C1=0.4-0.8; p=0.001), total
functional dependence (HR=4.6; CI=2.3-8.8;
p<0.001), cognitive impairment (HR=2.6; CI=1.7—
4.1, p<0.001), underweight(HR=2.5; CI=1.4—4.4;
p=0.002), Charlson index (HR=1.3; CI=1.2-1.4;
p<0.001), mean TSH at the lower limit (HR=2.0;
CI=1.3-3.0; p=0.001), and mean T4L in the
upper half (HR=2.6; CI=1.5-5.0; p=0.004). All

significant covariates in the univariate model at the
p<0.20 level was included for the multivariate Cox
regression model. Total functional dependence and
cognitive impairment were excluded from the model
to remove a residual effect (Wald test). After the
final adjusted model, mortality remained associated
with age (HR=1.06; CI=1.02-1.09; p=0.02), low
weight (HR=2.2; CI=1.2—4.1; p=0.012), Charlson
index (HR=1.2; CI=1.1-1.3; p=0.005), mean TSH
at the lower limit of normality (HR=1.7; CI=1.1-
2.7, p=0.0106), and tended to be associated with
mean T4L in the upper half (HR=2.0; CI=1.0-3.8;
p=0.052).

Table 2. Crude and multivariate Cox regression model for all covariates estimating overall mortality. Rio de

Janeiro, R], Brazil, 2010/2018.

Characteristics Crude HR (95% CI) p-value Adjusted HR (95% CI)  p-value
Baseline age. Years 1.07 (1.04;1.09) < 0.001* 1.06 (1.02;1.09) 0.002
sex (female) 0.5(0.4;0.8) 0.001* 0.73 (0.47;1.1) 0.160
Total functional dependence (yes) 4.6 (2.3;8.8) < 0.001* NS NS
Cognitive impairment (yes) 2.6 (1.7:4.1) < 0.001* NS NS
Depressive symptoms (yes) 0.9 (0.6;1.4) 0.720 - -
Polypharmacy (yes) 1.1 (0.8;1.8) 0.530 - -
Falls syndrome (yes) 1.0 (0.6;1.5) 0.940 - -
Underweight (yes) 2.5 (1.4,4.4) 0.002* 2.2 (1.24.0) 0.012
Chatlson comorbidity index 1.3 (1.2;1.4) < 0.001* 1.2 (1.1;1.3) 0.005
Smoking (yes) 1.1 (0.7-1.6) 0.740 - -
Lower limit of the mean TSH (yes) 2.0 (1.3;3.0) 0.001* 1.7 (1.1;2.7) 0.016
Uppert half of the mean FT4 (yes) 2.6 (1.5;5.0) 0.004* 2.0 (1.0;3.8) 0.052

HR. Hazard ratio; CI. Confidence interval; NS. Not significant* Variables with p-value < 0.20 were included in the multiple Cox regression.

DISCUSSION

This study is the first to assess the associations
between values obtained through the means of TSH
and FT4 levels, conducted during a cohort, and
mortality in a group of euthyroid older patients. It
is noteworthy that the definition of normal thyroid
function was established based on age-specific
reference range for TSH. Several longitudinal
studies have evaluated the association between
thyroid hormone levels within the reference range
and mortality %3 but none of them used mean
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values obtained during follow-up, nor applied age-
specific reference ranges when defining what would

be considered normal serum TSH levels.

This cohort showed an association between
overall mortality and age, underweight, and high
comorbidity index; however, it did not find an
association with depressive disorder, contrary to
what was identified in a recent study conducted on
Brazilian community-dwelling older adults®. The
risk of death was also associated with the mean TSH
at the lower limit of normality (<1.75 mIU/L for
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<80 years and <2.0 mIU/L for =280 years), which
remained statistically significant after multivariate
analysis models. These findings are consistent with
previous studies that demonstrated that baseline TSH
levels at the lower limit of normality are positively
associated with mortality®*2. It should be noted
that only one of these studies obtained more than
one TSH measurement throughout the cohort®.
Other studies found an association between TSH

and mortality only among women**’

and not among
euthyroid participants in general. Our group is mainly
composed of women, but the association remained

even after controlling for gender.

The association between the mean levels of FT4
in the upper half of the normal range (=1.37 ng/
dL) and the risk of death maintained borderline
significance in the multivariate analysis in our study.
These results are in line with the majority of previous

longitudinal studies'>#2%%

that assessed thyroid
function and the risk of all-cause mortality and
cardiovascular mortality. Some studies demonstrated
association only in men***. In a few studies**** with
older populations, the risk of death was associated
with higher levels of FT4 and lower levels of TSH

simultaneously, which is consistent with our findings.

An important differentiating factor of the
present study is the characteristics of the evaluated
population, which consisted of older adults with a
mean age of 80.4 years, with a high prevalence of
cognitive impairment and functional dependence.
Many studies assessing mortality and thyroid status
have included younger populations than ours, even

8,27,29,31

middle-aged individuals , with only a few
including people over 80 years old'**. Most mortality
studies in euthyroid patients were conducted in robust
older community-dwelling groups, except for two*”
that included frail older adults and demonstrated
that lower FT4 levels were associated with lower
mortality rates. However, these studies did not
include cognitive assessment, functional status, or
the Charlson Comorbidity Index in any stage of
their analyses. These covariates were considered
in the present study, although in the final adjusted
model, cognitive impairment and total functional
dependence variables were not included to remove
their residual effect.
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The cohort size was a limitation of the study,
which was justified by the strict exclusion criteria and
some peculiarities of the population, such as a high
comorbidity index and advanced age. Additionally,
it is a group of older adults selected with a high
risk of functional decline, as this is an admission
criterion in this geriatrics outpatient clinic. Our
results cannot be generalized to robust older adults
with few comorbidities. The association found
between thyroid status and mortality also cannot
be considered valid for older individuals with
recent hospitalization or who started levothyroxine
treatment, as they were excluded from the study.

Another possible limitation of the study was
using the mean hormone levels without considering
the analysis of the individual correlation of this
variable over time through specific tests. However,
considering that the vast majority of studies that
evaluated the association between mortality and
thyroid status used only a single baseline hormonal
measurement, the fact that this cohort had multiple
hormonal measurements evaluated can be considered
a positive differentiator.

Although not the focus of this study, the absence
of measurements of free triiodothyronine (FT3) and
reverse triiodothyronine (fI3) can also be considered
a limitation. While there is ample evidence of the
association of FT4 with the risk of death!*>!%, the
results of research that evaluated the association
between T3 and mortality are conflicting. A recent
longitudinal study with middle-aged adults showed
that higher levels of FT3 were associated with higher
mortality in women but not in men®. Conversely,
a retrospective cohort demonstrated that a higher
FT3/FT4 ratio was linked to decreased all-cause
and cardiovascular mortality’’. Another longitudinal
study that evaluated overall mortality in euthyroid
adults identified a U-shaped association with the
FT3/FT4 ratio”. In groups of older individuals,
T3 concentrations are associated with lower
physical function®. A study that assessed mortality
in nonagenarians showed that higher FT3/FT4
ratios, higher T3L levels, and lower F'T4 levels were
associated with a lower mortality rate independent
of family longevity status’. These findings suggest
that better conversion of T4 to T3 is associated with
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lower mortality. However, the reduction in this
conversion may be a consequence of comorbidities
leading to decreased deiodinase action, which in turn
is also associated with higher mortality; thus, it is
not possible to establish a direct causal relationship
between survival and the T3/T4 ratio.

CONCLUSION

The results of our study identify a positive
association between mean FT4 values maintained
at the upper limit, as well as mean TSH at the lower
limit, with mortality in euthyroid older adults, using
an age-specific reference range for TSH to define
normal thyroid function.

These findings suggest that slightly reduced
thyroid function may be associated with better
survival in older patients with similar characteristics
to the evaluated population, namely advanced age,
a high comorbidity index, and risk of functional
impairment. Thus, the present study reinforces the
need to avoid overdiagnosis of hypothyroidism in
older adults, particularly in the presence of minimal
elevations in TSH. Such an approach could lead to
overtreatment and iatrogenesis. Additionally, it may
be inferred that therapeutic targets for TSH in older
patients receiving levothyroxine treatment should
possibly be differentiated; however, further studies

are needed to validate this conclusion.
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