European Geriatric Medicine (2023) 14:363-371
https://doi.org/10.1007/541999-023-00761-6

RESEARCH PAPER q

Check for
updates

Analysis of clinical features and 7-year all-cause mortality in older
male patients with non-thyroidal illness syndrome on general wards

Xinyu Miao' - Xiaomin Fu' - Hongzhou Liu' - Zhaoyan Gu' - Chunlin Li" - Kun Wang? - Xuefeng Chen? - Zhaohui Lyu®-
Shuangtong Yan'

Received: 31 October 2022 / Accepted: 22 February 2023 / Published online: 22 March 2023
© The Author(s), under exclusive licence to European Geriatric Medicine Society 2023

Key summary points

Aim The aim of the study was to investigate the association of non-thyroidal illness syndrome and all-cause mortality in
older inpatients on general wards.

Findings Patients in the non-thyroidal illness syndrome group had a lower survival rate over 7 years follow-up. A lower free
T; level was associated with higher risk of all-cause mortality. A higher free T, level in the normal range was associated
with all-cause mortality risk even after adjusting for confounding factors.

Message The survival rate was lower in the non-thyroidal illness syndrome group. A reduced free T; level with low albumin
and haemoglobin levels was associated with all-cause mortality; moreover, a higher free T, in the normal range may be a
strong predictor for long-term mortality risk in hospitalised older male patients.

Abstract

Purpose Older patients with non-thyroidal illness syndrome (NTIS) have a poor prognosis. However, there are few studies on
the association of NTIS and mortality among older inpatients on general wards. In a 7-year retrospective observational study,
we aimed to investigate the clinical features of NTIS and the association of NTIS and all-cause mortality in older inpatients.
Methods A total of 959 older male inpatients whose average age was 86.3 +8.1 years were enrolled and divided into the NTIS
group and non-NTIS group. Cox models were performed to explore the association of thyroid hormone level and mortality.
Results Patients had more respiratory disease and chronic kidney disease in the NTIS than in the non-NTIS group, especially
in primary nursing care, respiratory failure and haemodialysis patients; serum total protein, albumin, prealbumin, haemoglobin,
uric acid and high-density lipoprotein cholesterol levels were lower, and urea nitrogen and fasting blood glucose levels were
higher, in the NTIS than in the non-NTIS group. Patients in the NTIS group had a lower survival rate over 7 years follow-up
(P<0.01). A lower free T; level was associated with all-cause mortality with a HR of 1.50 (1.36, 1.66). Lower free T, level was
associated with reduced all-cause mortality with a HR of 0.91 (0.88, 0.94) even after adjusting for confounding factors (P <0.01).
Conclusions Among older male inpatients, the survival rate was lower in the NTIS group. A reduced free T level with low
albumin and Hb levels was associated with all-cause mortality; moreover, a higher free T, in the normal range may be a
strong predictor for long-term mortality risk in hospitalised older male patients.
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Introduction

Many changes in thyroid hormones occur as a result of
illness or nutritional deprivation. These changes consist
of decreased levels of serum triiodothyronine (T;) and/
or thyroxine (T,), without an increase in the thyroid-stim-
ulating hormone (TSH) level [1, 2]. The combination of
these findings is termed non-thyroidal illness syndrome
(NTIS), euthyroid sick syndrome, or low T; syndrome,
indicating a systemic disease outside the thyroid that
causes abnormal levels of thyroid hormones and is often
considered a compensatory mechanism for the body. NTIS
has been reported in patients with acute and chronic ill-
nesses, including infectious diseases, cardiovascular and
gastrointestinal diseases, cancer, and trauma [3, 4], which
are quite common in patients in intensive care units (ICUs)
[5, 6].

Older patients often have multiple chronic diseases
and a poor nutritional status; thus, NTIS is quite common
in these patients. Tognini [7] reported that among older
patients (> 65 years of age) hospitalised for acute illness,
the prevalence of NTIS was 31.9% and significantly asso-
ciated with acute renal failure, New York Heart Associa-
tion classification IV heart failure, and metastatic cancer.
In previous studies, NTIS showed a high sensitivity and
specificity for predicting patient mortality in ICU patients
[8]. Serum Tj; levels further decrease as the severity of
disease progresses. However, among hospitalised older
patients on general wards, data on the association of NTIS
and mortality are lacking.

In this study, we analyse clinical data from inpatients
in advanced age with or without NTIS, and their long-
term outcomes for 7 years, to investigate the association
of NTIS and mortality.

Patients and methods
Study design

This study collected data from patients admitted to the First
Medical Center and the Second Medical Center, Chinese
PLA General Hospital retrospectively, and recorded their
outcome in 7 years follow-up. The patients in our hospital
with long term follow-up were military veterans, therefore,
there were few female patients, the study only included male
patients to reduce bias. The inclusion criteria for the study
were as follows: (1) aged 60 years or above, (2) hospitalised
between January 2011 and December 2012, because the
electronic medical record in our hospital can be obtained
from 2011, (3) admitted on general internal medicine wards
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and (4) complete data on thyroid function obtained within
1 day of admission. The exclusion criteria were as follows:
(1) diagnosed with thyroid disease such as hyperthyroid-
ism, hypothyroidism, subclinical hyperthyroidism, subclini-
cal hypothyroidism, or Hashimoto's thyroiditis, (2) history
of thyroid surgery, (3) taking amiodarone, levothyroxine,
glucocorticoid, dopamine, or interferon. A total of 8552
patients were admitted to the hospital from January 2011
to December 2012, and 959 of whom were enrolled in the
present study and followed up for 7 years, until December
2019 (see Fig. 1). A total of 35 patients (3.7%) were lost to
follow up including 8 patients in the NTIS group, and 27
patients in the non-NTIS group for migration or the change
of medical designated hospitals.

Venous blood samples were collected early in the morn-
ing after an overnight fast on the second day after admis-
sion, including thyroid hormone (total T,, triitodothyronine,
free T, free T,, TSH), biochemical indicators (total protein
(TP), albumin, prealbumin (PA), urea nitrogen (UN), fast-
ing blood glucose (FBG), blood lipid, creatinine (Cr), uric
acid (UA), alanine transaminase (ALT), aspartate transami-
nase (AST), and haemoglobin (Hb)). Radioimmunoassay
was used to measure the serum levels of triiodothyronine,
free T;, total T,, free T,, and TSH. The Sysmex Xt-1800
Automated Hematology Analyzer (SYSMEX Corpora-
tion, Japan) was used for routine blood tests. Biochemistry
measurements were performed using i-CHROMA Reader
(Boditech Med Inc. Korea). Primary nursing care is for (1)
critically or severely ill patients with unstable vital signs;
(2) patients at high risk of cardiovascular events or other
life-threatening events; (3) patients cannot take care of
themselves. Secondary/tertiary nursing care are for patients
with stable vital signs and can partially or completely take
care of themselves. The time and cause of death were
reported for all deceased patients by doctors.

The study was conducted in accordance with the ethi-
cal rules of the Helsinki Declaration. The study protocol
was approved by the Ethics Committee of Chinese PLA
General Hospital.

Indicators and outcomes

The subjects were divided based on the presence of NTIS
into the NTIS group and normal thyroid function (non-
NTIS) group. Decreased serum triiodothyronine and/
or free T5, normal or mildly reduced total T, or free T,,
and normal TSH levels were the diagnostic criteria for
NTIS [9]. Normal thyroid hormone levels are as fol-
lows: total T, (55.34-160.88 nmol/L), triiodothyronine
(1.01-2.95 nmol/L), free T; (2.76—6.30 pmol/L), free T,
(10.42-24.32 pmol/L), and TSH (0.35-5.50 ulU/mL).
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Fig. 1 Flowchart illustrating the
inclusion/exclusion of individu-
als in this study

Patients hospitalized between Jan. 2011 and Dec. 2012

N=8,552

Excluded:
Patients < 60 years, n=6,801

A 4

Female patients, n=127
A 4

Elder male veteran patients

N=1,624

Excluded:
Patients with incomplete data on

thyroid function, n=383

A 4

Taking amiodarone,

levothyroxine, glucocorticoid,

dopamine, or interferon, n=39

Patients completed 7 years

Patients with thyroid disease,
follow-up history of thyroid surgery, n=243

N=959

A 4

A 4

Patient with NTIS

N=200

Patient with non-NTIS
N=759

Intra-batch and batch-to-batch variations were <3.35%
and < 5.04%, respectively. The outcome was defined as
all-cause mortality during the 7 years follow-up.

Statistical analysis

Normally distributed data are expressed as means + stand-
ard deviation, non-normally distributed data as medians
and quartiles, and category data are express as frequency
and percentage. Normally distributed data were compared
between the two groups using ¢ test or ' test. The rank sum
test was used to compare the data distribution between the
two groups. Chi square test was used to compare the differ-
ence of category data. Overall survival at 7-year was esti-
mated using the Kaplan—Meier method, and log-rank test
was used to test the difference of mortality between two
groups. To further evaluate the associations of thyroid hor-
mone levels with all-cause mortality, bivariate and multi-
variate Cox proportional hazards models were used. Hazard

ratio (HR) and 95% confident interval (95% CI) of each
model was reported.

SPSS 24.0 and R was used for the statistical analysis. All
data were evaluated using two-sided tests. Statistical signifi-
cance was set at P <0.05.

Results

Comparison of baseline data between the NTIS
and non-NTIS groups

Most patients in both groups were in advanced age, and
patients in the NTIS group were older (87.9 +£6.0 vs.
85.8+8.5, P<0.01). Compared to the non-NTIS group, trii-
odothyronine, free T, total T,, free T, and TSH levels were
lower, moreover, respiratory disease was the more common
cause of hospitalization and the length of hospitalization was
longer in the NTIS group. The percentage of patients accom-
panied by respiratory disease and chronic kidney disease

@ Springer



366

European Geriatric Medicine (2023) 14:363-371

Table 1 Comparison of baseline characteristics between the NTIS and non-NTIS groups

Total (n=959) NTIS group (n=200) Non-NTIS group (n="759) t/Z/;(2 P value
Age (years) 86.3+8.1 87.9+6.0 85.8+8.5 3.92 <0.01
BMI (kg/m?) 24.0+3.2 23.8+3.8 24.1+3.1 —-0.85 0.40
Triiodothyronine (nmol/L) 1.29+0.32 0.90+0.16 1.39+0.27 —24.85 <0.01
Free T; (pmol/L) 3.68+0.86 2.65+0.56 3.95+0.70 —24.56 <0.01
Total T4 (nmol/L) 86.7+16.5 753+16.2 89.7+15.2 —11.81 <0.01
Free T, (pmol/L) 10.42-24.32 15.99+2.72 15.61+2.98 16.09 +2.64 —-2.24 0.03
TSH (ulU/mL) 1.94 (1.36, 2.93) 1.68 (1.06, 2.81) 2.08 (1.48,2.95) 3.75 <0.01
Causes of hospitalization
RD 246 (25.7%) 82 (41.0%) 164 (21.6%) 31.21 <0.01
NSD 147 (15.3%) 22 (11.0%) 125 (16.5%) 3.65 0.06
CVD 224 (23.4%) 34 (17.0%) 190 (25.0%) 5.71 0.02
KD 71 (7.4%) 16 (8.0%) 55 (7.2%) 0.13 0.76
DD 99 (10.3%) 19 (9.5%) 80 (10.5%) 0.19 0.70
Tumor 106 (11.1%) 14 (7.0%) 92 (12.1%) 4.07 0.06
Others 66 (6.9%) 13 (6.5%) 53 (7.0%) 0.06 0.88
Length of hospitalization (d) 15.0 (11.0, 22.0) 21.0 (17.0, 30.0) 15.0 (10.0,19.0) —10.66 <0.01
Comorbidities
RD 309 (32.2%) 113 (56.5%) 196 (25.8%) 68.21 <0.01
NSD 179 (17.6%) 43 (21.5%) 136 (17.9%) 1.34 0.25
CVD 847 (88.3%) 182 (91.0%) 665 (87.6%) 1.76 0.19
CKD 126 (13.10%) 48 (24.00%) 78 (10.3%) 26.12 <0.01
Tumor 206 (21.5%) 30 (15.0%) 176 (23.2%) 6.29 0.01
Diabetes 298 (31.1%) 63 (31.5%) 235 (31.0%) 0.02 0.88
Biochemical indicators
TP (g/L) 66.5+6.1 64.7+6.9 66.9+5.8 —-4.59 <0.01
Albumin (g/L) 38.3+4.5 35.0+4.4 39.2+4.1 —12.64 <0.01
PA (mg/dL) 229+7.0 21.5+8.4 23.3+6.5 —-3.26 <0.01
Hb (g/L) 119.1+18.4 112.1+18.2 121.0+18.0 —6.18 <0.01
UA (umol/L) 336.5+100.2 322241223 340.3+93.2 —-2.28 0.02
FBG (mmol/L) 5.89+1.87 6.70+2.31 5.68+1.68 7.05 <0.01
TC (mmol/L) 3.94+0.87 4.04+1.03 3.92+0.82 1.72 0.09
TG (mmol/L) 1.23 (0.90, 1.65) 1.18 (0.82, 1.61) 1.27 (0.91, 1.67) 1.42 0.16
HDL-C (mmol/L) 1.16 +£0.35 1.11+0.39 1.17+0.34 —-2.28 0.02
LDL-C (mmol/L) 2.29+0.74 2.35+0.90 2.27+0.69 1.31 0.19
ALT (U/L) 14.0 (10.0, 20.0) 13.0 (9.3, 22.0) 14.0 (10.0, 19.0) 0.74 0.46
AST (U/L) 18.0 (15.0, 22.00) 19.00 (14.0, 26.1) 18.0 (15.0, 22.0) —0.80 0.42
UN (mmol/L) 6.40 (5.10, 8.80) 7.75 (5.90, 11.30) 6.20 (4.90, 8.20) —6.58 <0.01
Cr (umol/L) 81.0 (69.0, 98.0) 82.0 (65.3, 121.8) 81.0 (70.0, 95.0) —1.28 0.20

RD respiratory disease, NSD nervous system disease, CVD cardiovascular disease, CKD chronic kidney disease, KD kidney disease, DD diges-
tive diseases, T triiodothyronine, 7, thyroxine, 7SH thyroid-stimulating hormone. TP total protein, PA prealbumin, Hb haemoglobin, UA uric
acid, FBG fasting blood glucose, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipopro-
tein cholesterol, ALT alanine transaminase, AST aspartate transaminase, UN urea nitrogen, Cr creatinine

Normally distributed data are expressed as means =+ standard deviation, non-normally distributed data as medians and quartiles, and category
data are express as frequency and percentage

were more in the NTIS group than in the non-NTIS group
(P<0.01). TP, albumin, PA, Hb, UA and high-density lipo-

protein cholesterol (HDL-C) levels were significantly lower
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(P <0.05), while FBG and UN levels were higher, in the NTIS
group than in the non-NTIS group (P <0.01), see Table 1.
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Comparison of respiratory, cardiovascular, kidney
and tumor disease severity between the NTIS
and non-NTIS groups

The percentage of patients in primary nursing care was more
in the NTIS group than in the non-NTIS group (P <0.01).
Furthermore, compared with the non-NTIS group, there were
more patients accompanied by respiratory failure and renal
dysfunction on haemodialysis in the NTIS group (P <0.01),
but no significant differences were observed in patients with
heart failure or metastatic cancer (Table 2).

Comparison of 1-year, 3-year and 7-year mortality
between the NTIS and non-NTIS groups

During the 1-year follow-up period, 131 patients died: 55
(27.5%) in the NTIS group and 76 (10.0%) in the non-NTIS
group (P <0.01). At 3-years, the mortality was 46.0% in the
NTIS group and 21.3% in the non-NTIS group (P <0.01). A
total of 622 patients died during the 7-year follow-up period,
with 152 in the NTIS group and 470 in the non-NTIS group
(P<0.01, Fig. 2a). At 7-years, the survival rate was 24.0% in
the NTIS group and 38.1% in the non-NTIS group (Fig. 2b).
Furthermore, Kaplan—Meier survival analysis according to ter-
tiles, showed that 7-year survival rate in the NTIS group obvi-
ously reduced with the decrease of free T; (P <0.01, Fig. 3a),
and 7-year survival rate reduced with the increase of free T,
(P<0.01, Fig. 3b).

Associations of thyroid hormone levels
with all-cause mortality according to Cox
proportional hazards models

Cox proportional hazards models showed that the reduced
triiodothyronine and free T, levels were significantly asso-
ciated with higher mortality (P <0.01). However, after
adjustment for albumin and Hb, triiodothyronine and free
T levels were not associated with all-cause mortality. Fur-
thermore, lower free T, level was shown to be associated
with reduced all-cause mortality with a HR (95% CI) of 0.91
(0.88, 0.94), even after adjusting for all other confounding
factors (P <0.01; Table 3).

Discussion

In the older population, thyroid hormone levels can help
monitor health status, predict short-term and long-term clini-
cal prognoses, predict disease severity, and assess quality of
life and survival status. In previous studies, the frequency
of thyroid dysfunction increased with advancing age in the
hospitalised older patients. The prevalence of NTIS in hos-
pitalised severely or debilitated older patients can be as high
as 32-62% [8, 10, 11]. In the present study, we investigated
959 male patients in advanced age hospitalised for various
reasons with a long follow-up for 7 years. We found that
there were 200 patients with NTIS (20.9%) whose albumin
levels were lower, and the 7-year survival rate was signifi-
cantly lower in the NTIS group than in the non-NTIS group;

Table 2 Comparison of disease

. Total (n=959) NTIS group (n=200) Non-NTIS X2 P value
severity between the NTIS and group (n=759)
non-NTIS groups
Nursing degree
Primary 261 (27.2%) 77 (38.5%) 184 (24.2%) 16.24 <0.01
Secondary or tertiary 698 (72.8%) 123 (61.5%) 575 (75.8%)
RD
RF 45 (4.7%) 30 (15.0%) 15 (2.0%) 60.04 <0.01
Non-RF 264 (27.5%) 83 (41.5%) 181 (23.8%)
CVD
HF 42 (4.4%) 11 (5.5%) 31 (4.1%) 0.76 0.44
Non-HF 805 (83.9%) 171 (85.5%) 634 (83.5%)
CKD
Haemodialysis 20 (2.1%) 15 (7.5%) 5(0.7%) 36.28 <0.01
Non-haemodialysis 106 (11.1%) 33 (16.5%) 73 (9.6%)
Tumor
Metastasis 22 (2.3%) 6 (3.0%) 16 2.1%) 0.56 0.43
Non-metastasis 184 (19.2%) 24 (12.0%) 160 (21.1%)

RF respiratory failure, HF heart failure

@ Springer
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Fig.2 Comparison of all-cause mortality and 7-year Kaplan—-Meier
survival curve of the NTIS and non-NTIS groups. a Comparison of
mortality at 1 year, 3 years and 7 years in the NTIS and non-NTIS
groups. b Seven-year Kaplan—-Meier survival curve of the NTIS and
non-NTIS groups

in addition, a reduced free T; level with low albumin and Hb
levels was associated with all-cause mortality, and a higher
free T, in the normal range was also a strong predictor for
long-term mortality risk in hospitalised older patients.
NTIS is often associated with nutritional deficiencies or
acute and chronic diseases. Protein and UA levels are indica-
tors of nutritional status. Proteins also play an important role
in the synthesis and transport of thyroid hormones. Previous
studies showed that in patients with NITS, the serum albu-
min level was reduced, and the free T level was positively
correlated with the albumin level [12, 13]. In this study, the
albumin level was also significantly reduced in the NTIS
group compared with the non-NTIS group. It is supposed
that decreased albumin level leads to a decrease in the con-
version of T, to T, resulting in a decrease in T; levels or a
decrease in T, binding to the protein, which accelerates the
removal of thyroid hormones [14]. In the present study, a
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Fig.3 Seven-year Kaplan Meier survival curves according to tertiles
of free T (a) and free T, (b) in the NTIS group

reduced free T; level with low albumin and Hb levels was
associated with all-cause mortality which further confirming
that malnutrition is closely related with NTIS.

NTIS is a common thyroid dysfunction in CKD patients
[12, 15], and its mechanism is associated with the kidney's
involvement in the synthesis, secretion, and metabolism
of thyroid hormones. In kidney disease, chronic metabolic
acidosis and inflammatory factors lead to the inhibition of
deiodinase activity, and the conversion of T, to T; in kid-
ney tissue and other tissue types is reduced [16]. Hypotha-
lamic-pituitary-thyroid axis dysfunction combined with
loss of T, in the urine causes triiodothyronine and total T,
levels decreased [17]. A decrease in the glomerular filtra-
tion rate (GFR) reduces iodine excretion, resulting in an
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Table 3 Cox proportional hazards models of the associations of thyroid hormone levels with all-cause mortality

Model 4

Model 3

Model 2

Crude model

p

Pvalue B HR (95% CI) Pvalue B HR (95% CI) Pvalue B HR (95% CI) P value

HR (95% CI)

66
1

0.
<0.01

0.93 (0.69, 1.27)

0.12 - 0.07

0.10

1.27 (0.94, 1.72)

0.240
0.098

1.91(1.42,256)  <0.01

1.35 (1.22, 1.50)

0.646

2.39 (1.80, 3.16) <0.01

0.870

Triiodothyronine, nmol/L

0.7

0.024  1.02(0.90, 1.16)

1.10 (0.98, 1.24)

0.07 —0.006 0.994 (0.989, 1.000)
<0.01 —0.080 0.92(0.90, 0.95)

<0.01

0.301

1.50 (1.36, 1.66) <0.01

0.410
—0.002 0.998 (0.990, 1.010)

—0.100

Free T; pmol/L
Total T, nmol/L

0.03 —0.010 0.991 (0.986, 0.997)

<0.01 -0.092

0.35 —0.005 0.995 (0.990, 1.000)

<0.01 -0.119

<0.01

0.91 (0.88, 0.94)

0.89 (0.86, 0.92)
1.14 (1.06, 1.23)

0.91 (0.88, 0.93)

Free T, pmol/L
TSH, ulU/mL

0.30

1.04 (0.97, 1.13)

0.040

0.02

1.09 (1.01, 1.18)

0.090

<0.01

0.134

0.02

1.10 (1.02, 1.18)

0.090

T triiodothyronine, T, thyroxine, TSH thyroid-stimulating hormone

Model 2, adjustment for age and BMI. Model 3, adjustment for age, BMI, albumin and Hb. Model 4, adjustment for age, BMI, albumin, Hb, UA, FBG, TC, ALT, length of hospitalization, RD,

NSD, CVD, CKD and tumor

iodine-blocking effect (Wolff-Chaikoff effect) [17]. Song
et al. [18] retrospectively analysed 2,284 subjects with
normal TSH levels and found that as the estimated GFR
(eGFR) decreased in CKD patients, the prevalence of low
T, syndrome gradually increased; the eGFR was positively
correlated with the serum T, level independent of age and
serum protein levels. In patients with chronic haemodialysis,
reduced free T; levels were a strong predictor of all-cause
mortality [19]. Similar with previous studies, we found that
among hospitalised older patients, the UN level in the NTIS
group were higher, and there were more patients accompa-
nied by chronic kidney disease, especially renal dysfunction
on haemodialysis in the NTIS group than in the non-NTIS
group.

NTIS also has been reported in patients with chronic
obstructive pulmonary disease (COPD) accompanied by
severe hypoxemia, and patients with obstructive sleep apnea
accompanied by severe nocturnal hypoxemia [20, 21]. More-
over, recent research found that NTIS was common in mild-
to-moderate COVID-19 patients and could predict clinical
deterioration independent of SARS-CoV-2 viral load, age,
inflammatory indicators and tissue injury [22]. Hypoxemia
causes hypothalamic-pituitary-thyroid axis impairment and
hypercapnia disrupts free T; and free T, production, which
may be the main mechanism in NTIS development [20]. Our
data demonstrated that more hospitalised older patients suf-
fered from respiratory disease and even respiratory failure
in the NTIS group than in the non-NTIS group.

In this study, Kaplan—-Meier survival analyses showed
that the survival rate was significantly lower in the NTIS
group than in the non-NTIS group. Cox proportional haz-
ards models showed that the reduced free T; level increased
all-cause mortality, however, after adjustment for albumin
and Hb, free T; levels did not predict mortality which indi-
cated that patients with nutritional deficiencies presenting
with lower free T level had poor prognosis. Unexpectedly,
lower free T, level was shown to be associated with reduced
all-cause mortality even after the adjustment for all other
confounding factors which suggested that a higher free T,
in the normal range might be a predictor for mortality risk
in hospitalised older patients. At present, the association
between thyroid hormone levels and mortality in older peo-
ple are inconsistent. Some studies demonstrated that low free
T; levels were associated with all-cause mortality in patients
with acute heart failure or admitted to ICUs [23, 24]. How-
ever, some other studies found that free T levels were non-
specifically related with mortality after adjustment for poten-
tial confounders [25], whereas free T, positively associated
with death in advanced age [26]. Rozing et al. found that
offspring of nonagenarian siblings had lower serum free
T, levels compared with their partners and reduced free
T, levels are associated with familial longevity [27]. In a
study of 3885 community-dwelling men aged 70-89 years
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with a follow-up of 6.4 + 1.5 years, Yeap et al. reported that
higher free T, levels are associated with increased all-cause
mortality in euthyroid older men, after accounting for age,
smoking, physical factors, and medical comorbidities [28].
Another retrospective cohort analysis with a mean follow-up
of 3 years also showed that free T, level is an independent
predictor for mortality risk in hospitalized NTIS patients
with chronic diseases [29]. Similar with above studies, a
higher free T, level in the normal range was associated
with a worse prognosis among hospitalised older patients
with long-term follow-up in the present study. Moreover,
Kaplan—Meier survival analysis according to tertiles showed
that survival rate at 7-year reduced with the increase of free
T,. However, the underlying mechanism is unclear, which
may be the consequence of low activity of deiodinase that
converts T, into the biologically active T, and the details
need to be further investigated.

The present study had several limitations including failure
to evaluate many factors such as functional, nutritional, cog-
nitive, frailty information that affect the patient prognosis. In
this retrospective cohort study, the treatment protocols and
response to the treatment may also have affected the patients’
outcomes. Due to the small sample size, many influencing
factors were difficult to quantify, and the patients were not
stratified according to the above-mentioned factors. In addi-
tion, only older male inpatients were analysed. Whether the
study results can be generalised to the general population
need to be further investigated.

In conclusion, the 7-year survival rate was lower in
the NTIS group than non-NTIS group among older male
patients on general wards. Patients with nutritional defi-
ciencies presenting with free T, level had poor progno-
sis, and a higher free T, in the normal range was also a
strong predictor for long-term mortality risk in hospital-
ised older male patients.
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