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Abstract

Background: Emerging evidence suggests that mildly down-regulated thyroid function in older persons may protect and/or reflect maintained 
health.
Methods: Using observational data collected between January 2006 and March 2014 on a volunteer sample of 602 men and women aged 
68–97 years with normal thyroid function participating in the Baltimore Longitudinal Study of Aging, this study examines the concurrent 
relationship between reported walking ability, usual and rapid gait speed, endurance walk performance, fatigability, and reported energy 
level with respect to free thyroxine (FT4) within the normal range (0.76–1.50 ng/dL) as a continuous variable and categorized as low (lower 
quartile), medium (interquartile), or high (upper quartile).
Results: Adjusting for sex, age, race, height, weight, exercise and smoking, reported walking ability, usual and rapid gait speed, 400-m time, 
fatigability, and reported energy level were less favorable with increasing FT4 (p = .013 to <.001). In sex-strata, similar associations were 
observed except for walking ability in men and energy level in women. Categorical analyses revealed that persons with low FT4 exhibited 
better functional mobility, fitness, and reported energy than persons with intermediate or high levels (p < .05 for all). Persons with high-normal 
versus medium FT4 had slower usual and rapid gait speed (p < .05) only.
Conclusion: Older adults with low-normal FT4 exhibit better mobility, fitness, and fatigue profiles. Mildly down-regulated thyroid function 
appears to align with better function in old age and may serve as a biomarker of healthy longevity.
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Thyroid stimulating hormone (TSH) levels gradually increase begin-
ning around age 70 at both the population (1) and individual level 
while free thyroxine (FT4) levels remain relatively stable (2). The 
clinical meaning and significance of this phenomenon remain under 
investigation (3–5), but emerging evidence suggests that mildly 
down-regulated thyroid function may protect and/or indicate main-
tained health in old age. Older persons with TSH levels between 4.5 
and 10.0 mU/L have been found to demonstrate better physical func-
tion and lower mortality relative to those with TSH levels in the 
euthyroid range (6,7). Although this protective association has not 
been consistently observed (8–10), TSH may be a less valid indicator 

of thyroid function at older ages as the typical inverse log-linear rela-
tionship between TSH and FT4, a more direct indicator of thyroid 
hormone status at the tissue level, appears to be more complex with 
increasing age especially at the extremes of the normal distribution 
of FT4 (11–13).

In turn, studies of FT4 have been limited to persons in their mid-
80s or men in their 70s and older and have largely focused on mor-
tality (4,5,7–9). Three studies evaluated associations with dementia 
or cognitive decline in men and women (5,10,14), one single site and 
one meta-analysis examined respectively incident atrial fibrillation 
and heart failure (5) and coronary heart disease events and mortality 
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(15) and only one considered physical performance and grip strength 
which was restricted to men (8). All these studies found high-normal 
FT4 to be a risk factor for poor outcomes, providing at best indirect 
support for low-normal FT4 as potentially protective or reflective of 
good health and functioning.

This study extends previous work in examining FT4 levels in 
both men and women encompassing a 30-year age range from 68 
to 97 years and the association with functional mobility, fitness, and 
fatigue. These specific outcomes reflect overall health status (16–19) 
and figure prominently in the lives of older adults. The analyses con-
sider the relationship over the full normal range of FT4 as well as 
categories that distinguish low and high-normal levels to better clar-
ify protective versus risk associations. For comparison, associations 
with TSH levels are also examined.

Methods

Study Population
The study population consists of participants in the Baltimore 
Longitudinal Study of Aging (BLSA) who met the following criteria 
at one or more clinic visits: age from 68 to 97 years, TSH between 
0.40 and 10.0 mU/L, and FT4 between 0.076 and 1.50 ng/dL, not 
taking thyroid medications and valid assessment of usual gait speed. 
Because participants could meet eligibility criteria at multiple visits, 
the analytic sample was selected as follows. First, all participant–visit 
combinations in which the participant met above eligibility criteria 
with the exception of thyroid medication use were identified yielding 
1,692 observations involving 703 participants (381 men and 322 
women). Next, all participant–visit combinations involving thy-
roid medication use were excluded leaving 1,456 observations and 
623 participants (347 men and 276 women). Lastly, to maximize 
the number of participants with data on newly introduced outcome 
measures, the most recent visit with available data for all covariates 
was selected to yield a sample of 602 (335 men and 267 women).

The BLSA was initiated in 1958 as a continuous enrollment 
cohort study of normative aging with eligibility at enrollment 
restricted to persons free of cognitive impairment, functional limita-
tions, chronic diseases, and cancer within the past 10 years. Once 
enrolled, participants are followed until death through regularly 
scheduled comprehensive health, cognitive, and functional evalua-
tions conducted during a 3-day visit to the National Institute on 
Aging Clinical Research Unit in Baltimore, Maryland. Visits occur 
biannually for persons aged 60–79  years and annually for per-
sons aged 80 and older. Participants in the current study were seen 
between January 2006 and March 2014 and all provided informed 
consent. The current BLSA protocol was approved by the National 
Institute of Environmental Health Sciences Internal Review Board.

Measures
Thyroid function
On the morning of the first clinic visit day after an overnight fast, 
participants undergo venipuncture. The sample analyzed for serum 
TSH and FT4 levels is processed the same day at the MedStar 
Harbor Hospital clinical laboratory by immunoassay (Vista 
Chemiluminescence, Siemens Tarrytown, NY). Because the refer-
ence ranges varied slightly over the 8-year data collection period, 
we defined normal as the middle 97.5% of the distribution for BLSA 
participants with no history of thyroid disease or taking any type of 
thyroid medication. This approach yielded a normal range of FT4 
of 0.76–1.50 ng/dL which is similar to the current reference range 

of 0.76–1.46 ng/dL. For analysis, FT4 was examined as a continu-
ous and categorical variable with three levels corresponding to the 
sex-specific lower quartile, interquartile, and upper quartile ranges. 
Persons with a TSH outside of the current reference range encom-
passing normal to mild subclinical hypothyroidism (0.40–10.0 
mU/L) were excluded.

Functional mobility
Perceived walking ability was determined from responses to a series 
of questions beginning with, “Because of a health or physical prob-
lem, do you have any difficulty walking a quarter of a mile that is 
about 2 or 3 blocks, without stopping?” Those reporting difficulty 
were asked whether they had a little, some or a lot of difficulty or 
were unable to walk. Persons denying difficulty were asked how easy 
it is for them to walk a quarter of a mile—very, somewhat, or not so 
easy—followed by whether they have any difficulty in walking one 
mile and the ease of walking one mile if no difficulty was reported. 
Responses were combined to create a walking ability index ranging 
from 0 to 9, where 0 represents unable to walk ¼ mile and 9 indi-
cates walking one mile is very easy (6,18).

Usual and rapid gait speeds were assessed over 6 m with par-
ticipants asked to walk at their “usual walking pace” for two trials 
and then “as fast as [they] can” for two trials. Total time recorded to 
the hundredth of a second was divided into 6 to obtain respectively 
usual and rapid gait speed in meters per second. The fastest of each 
trial was used in the analyses.

Fitness
Time to walk 400 m as quickly as possible, a measure of cardiores-
piratory fitness in older adults (19), was determined from the long 
distance corridor walk, a two-stage, endurance walk test performed 
over a 20-m course (19). The first stage consists of a 2.5-minute 
usual pace walk followed immediately by a 400-m walk “done as 
quickly as possible.” The long distance corridor walk was imple-
mented in the BLSA in April 2007. Of the 314 men and 254 women 
in the analytic sample seen since April 2007, 6 men and 5 women 
were not tested for administrative reasons, 5 men and 8 women 
met test exclusion criteria (eg, severe electrocardiogram abnormali-
ties, systolic or diastolic blood pressure exceeding 199  mmHg or 
109 mmHg, respectively or reporting a myocardial infarction, angio-
plasty, or heart surgery in the prior 3 months or experiencing new or 
worsening symptoms of chest pain, shortness of breath, or angina), 
and 22 men and 26 women could not complete the full 400 m due 
to calf or joint pain, shortness of breath or excessive fatigue leaving 
281 men and 215 women with valid 400-m walk times.

Fatigability and fatigue
Fatigability connotes the degree of fatigue experienced follow-
ing performance of a standardized activity (17). In the BLSA, the 
standardized activity comprises a slow paced 5-minute walk (1.5 
mph; 0.67 m/s) performed on a treadmill at zero percent grade 
with fatigability assessed using the Borg Rating of Perceived 
Exertion which ranges from 6 to 20 (20). This fatigability per-
formance test was implemented in July 2007 and was recently 
validated (21). Of the 305 men and 244 women in the analytic 
sample seen since July 2007, 8 men and 12 women were ineligible 
(eg, needed a walking aid), 5 men and 5 women were not tested 
for technical reasons (eg, treadmill malfunction), and 2 men and 
3 women refused, yielding an analytic sample of 290 men and 
224 women.
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Fatigue or perceived energy level was evaluated using two differ-
ent self-report questions. The first asks participants to describe their 
usual energy level in the past month on an 11-point scale where zero 
represents no energy at all and 10 the most energy ever had. The 
second comes from the Short Form-12 (22), and asks participants to 
report how much of the time they had “a lot of energy” in the past 4 
weeks: all (1), most (2), a good bit (3), some (4) a little (5), or none 
(6). A low score represents higher energy or lower fatigue.

Covariates
Covariates encompass socio-demographic factors including age, self-
designated black or non-black race, and behavioral factors known to 
affect functional mobility and fatigue in late life including physical 
activity and smoking status (current and persons who quit within 
10 years vs never and former smokers who quit more than 10 years 
before their clinic visit). Physical activity level was categorized as 
sedentary, low, moderate, or high based on reported frequency and 
duration of vigorous and moderate physical activity including brisk 
walking. For walking-based performance measures, whether a walk-
ing aid, typically a cane, was used were accounted for as well. Even 
though walking aids were not permitted for the fatigability test, 
walking aid use was included to account for possible gripping of 
handrails. Measured height and weight were also accounted for in 
the analyses.

Statistical Analyses
The relationship between FT4 and functional mobility and fatiga-
bility and fatigue was examined using multiple linear regression 
models treating FT4 as a continuous variable and general linear 
models when FT4 level was categorized as low, medium, and high 
based on sex-specific quartiles with the interquartile range defining 
the medium group. The cutpoints were (0.76–0.89, 0.90–1.09, and 
1.10–1.50) for men and (0.76–0.90, 0.91–1.07, and 1.08–1.50) for 
women. Analyses were performed in the overall sample and in sex-
strata to facilitate comparison with other studies. All models were 
adjusted for age, race, reported activity level, smoking status, weight 
and height, and walking aid use for walking-based measures only 
and sex in non-sex-stratified analyses. TSH was examined in a simi-
lar fashion except the highest category in the categorical analysis 
was defined using the reference range for mild subclinical hypothy-
roidism (4.50–9.99 mU/L) and the lowest was defined as 0.40–2.49 
mU/L.

Results

The 602 participants consisted of 335 men with a mean age of 
78.6  years and 267 women with a mean age of 77.4 who were 
generally healthy. As shown in Table 1, two thirds of participants 
reported very good to excellent self-rated health, less than 24% had 
a body mass index consistent with obesity, 40% and 27% of men 
and women respectively engaged in at least 150 minutes per week 
of moderate to vigorous physical activity and less than 5% of either 
men or women reported fair to poor health, used a walking aid, or 
had smoked within the past 10  years. Mean TSH and FT4 levels 
were 2.76 and 2.69 mU/L and 1.02 and 1.01 ng/dL respectively for 
men and women, with 11.3% and 10.1% meeting criteria for sub-
clinical hypothyroidism. Distributions of mobility and fatigue assess-
ments reflect a generally robust study population.

In analyses adjusted for sex, age, race, height, weight, exercise, 
and smoking displayed in Table  2, increasing FT4 examined as 

a continuous variable in increments of 0.1 ng/dL was associated 
with worse reported walking ability, slower usual and rapid gait 
speed, and poorer fitness as reflected by more time needed to walk 
400 m (p = .013 to <.001). Fatigability and reported energy level 
using either measure were also less favorable with increasing FT4 
(p ≤ .004 for all). In sex-stratified analyses, the same associations 
were observed and statistically significant in men with the excep-
tion of reported walking ability and in women with the exception 
of reported energy level and 400-m time which was borderline 
(p = .061).

TSH and FT4 showed a significant inverse correlation overall 
(r = −0.18; p < .001) and in men and women separately (r = −0.17; 
p = .001; r = −0.19; p = .002). In models examining TSH as a con-
tinuous variable, no associations were observed with any outcome 
overall or in men and women separately.

Categorical analyses in Table 3 reveal in the overall sample, 
persons with low FT4 had better reported walking ability, faster 
usual and rapid gait speed, higher fitness level, and greater fre-
quency of reporting a lot of energy in the past 4 weeks than per-
sons with intermediate FT4 levels. Persons in the low FT4 group 
had more favorable values on all parameters than persons in the 
high FT4 group. Those with high-normal FT4 showed worse 
functioning than persons with intermediate FT4 for usual and 
rapid gait speed only. Sex-specific findings were less consistent. 

Table  1. Baseline Characteristics by Sex in the BLSA Analytic  
Sample

Characteristic Men Women

N = 602, No. 335 267
Age, mean (SD), y 78.6 (6.6) 77.4 (6.7)
Black, % 17.0 31.1
Health status and behaviors
 Current or recent smoker, % 2.1 4.1
 Uses a walking aid, % 3.0 3.4
 Fair to poor self-rated health, % 4.2 3.4
 Very good to excellent self-rated health, % 66.9 65.9
 Obese (BMI ≥30 kg/m2), % 23.9 23.6
 Sedentary (active < 30 min/wk), % 37.6 47.9
 Physically active at least 150 min/wk, % 40.3 27.3
Thyroid hormone status
  Thyroid stimulating hormone,  

mean (SD), mU/L
2.76 (1.52) 2.69 (1.44)

  Subclinical hypothyroidism  
(TSH = 4.50–9.99 mU/L), %

11.3 10.1

 Free thyroxine, mean (SD), ng/Dl 1.02 (0.14) 1.01 (0.13)
Mobility and fatigue
  Walking ability index score,  

mean (SD), points
7.66 (2.13) 7.40 (2.40)

 Usual gait speed, mean (SD), m/s 1.09 (0.25) 1.06 (0.24)
 Rapid gait speed, mean (SD), m/s 1.66 (0.41) 1.52 (0.36)
 400-m time*, mean (SD), s 293 (70.9) 312 (81.7)
 Fatigability score†, mean (SD), points 9.14 (2.33) 9.17 (2.14)
  Usual energy level past month,  

mean (SD), points
7.44 (1.61) 7.42 (1.61)

  Frequency a lot of energy past 4  
weeks, mean (SD)

2.60 (1.05) 2.61 (1.05)

Notes: BLSA = Baltimore Longitudinal Study of Aging; BMI = body mass 
index.

*Persons able to complete the full 400-m walk only (281 men and 215 
women).

†Subsample administered the fatigability test which was implemented later 
in the study (290 men and 224 women).
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Both men and women with low FT4 had faster rapid gait speed 
than those with medium FT4. In men only, those with low FT4 
had better reported walking ability and more favorable reported 
energy levels than the medium group; whereas, in women only fit-
ness (time needed to walk 400 m) was superior in the low versus 
medium FT4 group. Comparing low versus high FT4, both men 
and women had better reported walking ability and faster usual 
and rapid gait speed. In men only, reported energy level (both 
questions) and in women, only fitness and fatigability were supe-
rior in the low versus high groups. Lastly, the high versus medium 
FT4 group exhibited slower usual gait speed in men and poorer 
reported walking ability and energy level in the past month solely 
in women.

TSH category was not associated with any outcome overall 
except for reported energy level in the past month which was higher 
in the high-normal versus the low-normal group (p = .024). In men 
only, reported energy level was higher in those with high-normal 
TSH than those with low-normal TSH or TSH in the subclinical 
hypothyroid range. Reported frequency of a lot of energy was also 
marginally more favorable in men with high-normal TSH versus the 
low-normal group (p = .049).

Figure 1 illustrates an approximate “dose–response” relation-
ship between FT4 level categorized in sex-specific octiles and 
functional mobility using rapid gait speed. In age-adjusted mod-
els, men and women in the lowest FT4 octile respectively had 
significantly (p  <  0.05) faster rapid gait speed than men in the 
sixth through eighth octiles and women in octiles three through 
eight. Men and women in the highest FT4 octile were significantly 
slower than men in octiles one through four and women in octiles 
one and two.

Discussion

Generally in healthy persons aged 68–97 years with normal thyroid 
function, lower FT4 was uniformly associated with better functional 
mobility and fitness and a more favorable fatigue profile. Little previ-
ous work has investigated the relationship between FT4 and func-
tional mobility, fitness, and fatigue specifically. Nonetheless, findings 
are consistent with observations that high or increasing FT4 in the 
normal range in older adults is associated with less desirable health 
outcomes including mortality, heart failure, coronary heart disease, 
dementia, and cognitive decline (4,5,7–10,14,15). Although most of 
this work treated high FT4 as a risk factor, the finding of increased 
dementia among men in the upper three quartiles versus the lower 
quartile of FT4 (10), effectively indicates a protective association 
for low FT4. The work reported herein extends observed associa-
tions between higher FT4 and poorer physical function from just 
men (8) to women and to other functional and health-related entities 
including fatigue. The inverse association between FT4 and reported 
energy levels and fatigability is especially noteworthy, given that 
tiredness is a hallmark symptom of hypothyroidism and suggests 
that low-normal FT4 is a distinctly different condition.

The less consistent sex-specific findings examining FT4 as a con-
tinuous variable may reflect differences in how men and women 
respond to self-report questions on walking ability and energy level 
as results were remarkably similar across the four performance-
based measures. Inconsistent sex-specific findings using categories of 
FT4 likely derive from reduced statistical power due to stratification 
compounded by categorization as mean values of all measures for 
both men and women generally followed the same pattern—best in 
the low and worst in the high with the medium group in-between.

Table 2. Cross-sectional Associations* Between FT4 and TSH and Functional Mobility, Fitness, and Fatigue

Measures Overall Men Women

No. 602 335 267

β (SE) p-Value β (SE) p-Value  β (SE) p-Value

FT4 (units = 0.1 ng/dL)
Walking ability index score  −.214 (.066)  .001 −.141 (.082)  .087 −.331 (.110)  .003
Usual gait speed  −.025 (.006) <.001 −.029 (.008) <.001 −.022 (.009)  .019
Rapid gait speed  −.040 (.010) <.001 −.033 (.013)  .015 −.046 (.014)  .001
400-m time†  4.93 (1.97)  .013  5.89 (2.53)  .021  5.66 (3.05)  .061
Fatigability rating‡  .243 (.073) <.001  .226 (.098)  .022  .278 (.111)  .013
Energy level past month  −.147 (.051)  .004 −.160 (.066)  .016 −.134 (.081)  .099
Frequency a lot of energy past 
4 weeks

 .100 (.033)  .002  .134 (.042)  .002  .047 (.053)  .375

TSH (units = 1.0 mU/L)
Walking ability index score  .044 (.057)  .441 −.001 (.071)  .999  .143 (.010)  .135
Usual gait speed  −.002 (.005)  .752 −.007 (.007)  .315  .007 (.008)  .372
Rapid gait speed  .004 (.008)  .636 −.006 (.012)  .616  .017 (.012)  .171
400-m time†  0.67 (1.67)  .689  2.25 (2.27)  .154  −4.17 (2.38)  .082
Fatigability rating‡  −.009 (.061)  .884  −.044 (.085)  .609  .007 (.090)  .937
Energy level past month  .078 (.044)  .077  .088 (.058)  .128  .080 (.070)  .254
Frequency a lot of energy past 
4 weeks

 −.035 (.029)  .228  −.044 (.037)  .244  −.021 (.045)  .649

Notes: FT4 = free thyroxine; TSH = thyroid stimulating hormone.
*Adjusted for age, race, exercise level, smoking status, weight in kilograms, and height in centimeters for all and walking aid use for usual and rapid gait 

speed, 400-m time and fatigability only.
†Persons able to complete the full 400-m walk only (281 men and 215 women).
‡Subsample administered the fatigability test which was implemented later in the study (290 men and 224 women).
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The effectively absent association between TSH level and physical 
function and fitness stands in contrast to two previous studies, one 
using data on 2,200 men and women covering a 10-year age span (6) 
and the other examining 599 men and women within a 2-year birth 
cohort. As noted above, TSH may be a less accurate or precise indicator 

of thyroid function at older ages (11–13), and thus a larger more homo-
geneous sample would be required to detect a protective association 
between mildly down-regulated thyroid function defined by TSH level 
alone. The current study of 602 men and women spanning 30 years of 
age simply may be underpowered to uncover an association.

Table 3. Mean Functional Mobility, Fitness, and Fatigue Parameter Values* by FT4 and TSH Category† Overall and Within Sex-Strata

Measures

FT4 Level†

Low (Q1) Medium (Q2–Q3) High (Q4)

Overall
N = 602, No. 141 295 166
Walking ability index score‡, points 8.06§,‖ 7.51 7.17
Usual gait speed‡, m/s 1.12§,¶ 1.08 1.03‖

Rapid gait speed‡, m/s 1.70§,** 1.60 1.52‖

400-m time††,‡‡, s 290¶,§§ 304 309
Fatigability rating‡‡,‖‖, points 8.90¶¶ 9.12 9.50
Energy level past month‡‡, points 7.70§§ 7.43 7.21
Frequency a lot of energy past 4 weeks*** 2.39§,¶ 2.61 2.78
Men
N = 335, No. 76 165 94
Walking ability index score, points 8.12¶,¶¶ 7.56 7.47
Usual gait speed***, m/s 1.14§ 1.09 1.03¶

Rapid gait speed***, m/s 1.75§,¶ 1.66 1.58
400-m time††,s 283 295 300
Fatigability rating‖‖, points 9.00 9.06 9.46
Energy level past month***, points 7.93‖,§§ 7.31 7.28
Frequency a lot of energy past 4 weeks*** 2.27§,‖ 2.64 2.79
Women
N = 267, No. 65 130 72
Walking ability index score***, points 7.98§§ 7.46 6.79¶

Usual gait speed‡‡, m/s 1.11§§ 1.07 1.02
Rapid gait speed‡, m/s 1.63§,‖ 1.52 1.45
400-m time††,***, s 297¶,§§ 314 327
Fatigability rating‖‖, points 8.79¶¶ 9.20 9.56
Energy level past month, points 7.47 7.58 7.10¶

Frequency a lot of energy past 4 weeks 2.52 2.57 2.77

Measures

TSH Level†

Low Normal High Normal Subclinical Hypothyroid

Overall
N = 602, No. 320 217
Walking ability index score, points 7.45 7.67 7.57
Usual gait speed, m/s 1.08 1.07 1.07
Rapid gait speed, m/s 1.59 1.62 1.59
400-m time††, s 302 299 309
Fatigability rating‖‖, points 9.21 9.04 9.27
Energy level past month, points 7.31¶ 7.63 7.40
Frequency a lot of energy past 4 weeks 2.64 2.58 2.53
Men
N = 335, No.  171 126 38
Walking ability index score, points  7.61 7.81 7.39
Usual gait speed, m/s  1.10 1.09 1.06
Rapid gait speed, m/s  1.65 1.69 1.60
400-m time††,s  291 292 308
Fatigability rating‖‖, points  9.32 8.84 9.32
Energy level past month‡, points  7.19** 7.86 7.21¶

Frequency a lot of energy past 4 weeks  2.70¶ 2.46 2.61
Women
N = 267, No. 149 91 27
Walking ability index score, points 7.24 7.49 7.99
Usual gait speed, m/s 1.06 1.05 1.08
Rapid gait speed, m/s 1.52 1.52 1.58
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Together this and other work suggest that FT4 at the lower end 
of normal may indicate more robust health, but whether this reflects 
a predisposition for healthy longevity or lifestyle-related adaptation 
or some combination is unclear. Offspring of long-lived populations 
provide some evidence of a genetic underpinning, however. For exam-
ple, middle-aged (55–64 years) offspring of nonagenarians have lower 
FT4 levels on average than their partners (23) and offspring (aged 
59–79 years) of Ashkenazi Jewish centenarians have higher TSH lev-
els than age-matched controls without familial longevity (24). Other 
work, restricted to euthyroid men between 20 and 45 years, indicates 
a heritability of FT4 between 80% and 90% (25). In contrast, with the 
exception of smoking (25,26), few lifestyle factors have been associated 
with down-regulated thyroid function. In the current study, for instance, 
neither body mass index nor exercise level varied by FT4 category.

Findings are also consistent with the notion that a lower meta-
bolic demand or having a “cooler engine” measured as a lower rest-
ing metabolic rate or core body temperature is consistent with better 
health (27,28) and longevity (29,30). Thyroid hormone is known to 
regulate metabolic rate (31) and lower FT4 may facilitate functional 

independence by sparing energy necessary for other purposes and to 
cope with stress and illness. Analogously, recent work found a lower 
metabolic cost of walking, which includes basal metabolism, associ-
ated with faster gait speed (32) and a lower rate of decline (33) in 
older adults.

Although our findings suggest that high-normal FT4 may be 
undesirable, they have no direct implication for exogenous treat-
ment with thyroxine as the study population consisted of individuals 
free of overt thyroid disease and not taking any thyroid medica-
tion. Nevertheless, our findings along with recent evaluations of the 
changing relationship between TSH and FT4 with age (11–13) sug-
gest that assessment of TSH alone may be insufficient to determine 
thyroid function and evaluation of FT4 and other thyroid hormones 
may be necessary to derive an accurate clinical profile. The clinical 
relevance of lower FT4 is unclear and whether its association with 
better function is merely correlational or there exists a protective 
relationship remains to be demonstrated using longitudinal data. 
Whether higher FT4 reflects increasing FT4 as a possible indicator 
of declining health warrants further investigation as well.

Measures

TSH Level†

Low Normal High Normal Subclinical Hypothyroid

400-m time††, s 317 308 303
Fatigability rating‖‖, points 9.12 9.30 9.05
Energy level past month, points 7.44 7.32 7.71
Frequency a lot of energy past 4 weeks 2.56 2.74 2.43

Notes: *Adjusted for age, race, exercise level, smoking status, weight in kilograms, and height in centimeters for all and walking aid use for usual and rapid gait 
speed, 400-m time and fatigability only.

†FT4 categories defined by sex-specific quartiles, with low comprising the lowest quartile, medium the two middle quartiles, and high the highest quartile. 
Cutpoints are (0.76–0.89, 0.90–1.09, 1.10–1.50) for men and (0.76–0.90, 0.91–1.07, 1.08–1.50) for women. TSH categories for low normal, high normal, and 
subclinical hypothyroid are defined respectively as 0.40–2.49, 2.50–4.49, and 4.50–9.99.

‡p < .001 for trend.
§p < .001 from high group.
‖p < .01 from medium group.
¶p < .05 from medium group.
**p < .001 from medium group.
††Persons able to complete the full 400-m walk only (281 men and 215 women).
‡‡p < .05 for trend.
§§p < .01 from high group.
‖‖Subsample administered the fatigability test which was implemented later in the study (290 men and 224 women).
¶¶p < .05 from high group.
***p < .01 for trend.

Table 3. Continued

Figure 1. Mean rapid gait speed by free thyroxine sex-specific octile.
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The study population consists of volunteer participants in a long 
running observational study that exhibit on average better health than 
similarly aged adults, thus findings best apply to community residents in 
robust health. All associations are from cross-sectional data and meas-
urements taken at a single time point. Whether associations hold over 
time or reflect or confer different aging trajectories remain to be dem-
onstrated. Given the reduced statistical power in the sex-stratified and 
categorical analyses, lack of a statistically significant difference should 
not be interpreted as definitive evidence for absence of an association.

In summary, in community resident generally healthy persons 
aged 68–97  years with normal thyroid function, both men and 
women with FT4 levels at the lower end of normal exhibit better 
mobility functioning, fitness, and fatigue profiles. Findings add to 
evidence that low-normal FT4 aligns with better health status in 
old age and thus may serve as a biomarker of healthy longevity.
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