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Abstract

We performed a systematic review and meta-analysis to comprehensively determine the
prevalence and the prognostic role of non-thyroidal illness syndrome (NTIS) in critically » thyroid hormone
ill patients. We included studies that assessed thyroid function by measuring the serum > low T3 levels
thyroid hormone (TH) level and in-hospital mortality in adult septic patients. Reviews, case
reports, editorials, letters, animal studies, duplicate studies, and studies with irrelevant
populations and inappropriate controls were excluded. A total of 6869 patients from 25
studies were included. The median prevalence rate of NTIS was 58% (IQR 33.2-63.7). In
univariate analysis, triiodothyronine (T3) and free T3 (FT3) levels in non-survivors were
relatively lower than that of survivors (8 studies for T3; standardized mean difference
(SMD) 1.16; 95% Cl, 0.41-1.92; 12=97%; P < 0.01). Free thyroxine (FT4) levels in non-
survivors were also lower than that of survivors (12 studies; SMD 0.54; 95% Cl, 0.31-0.78;
I2=83%; P < 0.01). There were no statistically significant differences in thyrotropin levels
between non-survivors and survivors. NTIS was independently associated with increased
risk of mortality in critically ill patients (odds ratio (OR) = 2.21, 95% Cl, 1.64-2.97, I> = 65%
P <0.01). The results favor the concept that decreased thyroid function might be
associated with a worse outcome in critically ill patients. Hence, the measurement of TH
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could provide prognostic information on mortality in adult patients admitted to ICU.

Introduction

Thyroid hormones (TH) are essential for cellular growth,
differentiation, and energetic regulation. Critical illness is
frequently associated with alterations in TH metabolism
not caused by abnormalities of the hypothalamic-
pituitary-thyroid function. These changes, collectively
known as ‘non-thyroidalillness syndrome‘ (NTIS) or ‘low T3
syndrome’ are characterized by low plasma concentrations
of the biologic active hormone triiodothyronine (T3), low
or normal plasma concentrations of thyroxine (T4), and
elevated plasma levels of the inactive hormone reverse T3
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(rT3) in the presence of normal thyrotropin (TSH) levels
(1). The pathophysiology of NTIS is multifactorial. In the
early phase, the peripheral TH metabolism is impaired,
with reduced hormonal bioavailability consequent to the
consumption of carrier proteins, as acute-phase proteins,
and changes in the expression of transmembrane hormone
transporters. Additionally, deranged iodothyronine
deiodinases function causes a decrease of T4 to T3
conversion with a further raise in the inactivation of T4 to
1T3. In the chronic course of the disease, inhibition of the
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hypothalamic-pituitary feedback loop also seems to occur,
reflecting the severity of the disease (2, 3, 4). Although
NTIS has been studied for decades, it is still under debate
whether these changes represent an adaptive mechanism
in response to the demanding circumstances of disease or if
it contributes to the persistence of organ dysfunctions and
adversely impacts the outcome (5).

Currently, there are some well-established prognostic
scores to estimate mortality and disease severity in the
intensive care unit (ICU), such as APACHE 1V, Simplified
Acute Physiology Score (SAPS III), and Sequential Organ
Failure Assessment (SOFA) (6, 7, 8). APACHE IV score uses
12 physiological variables presented in the first 24 h of
admission, evaluates chronic diseases, and the reason
for admission at the ICU. SAPS III uses the worst values
measured within the first 24 h of admission and reflects
the severity of illness on admission. Alternatively, SOFA is
based on simple measurements of organ function and was
designed to track the evolution throughout the ICU stay.
Although it was not designed for prognosis prediction,
higher scores are associated with an increased risk of
death (9). The risk-adjusted mortality provided by these
prognostic scoring systems is mainly used to compare
the quality of care provided by different ICUs, helping to
identify institutional deficiencies in clinical outcomes
and to emphasize areas for improvement. Prognostic
scoring systems perform best at the cohort level due to the
uncertainty concerning prediction in individual patients
(10). Interestingly, some studies suggest a potential role
of TH levels to predict mortality in hospitalized patients
since T3 levels are lower in non-survivors than in survivors
in different clinical settings (11, 12, 13, 14). Considering
that most studies are underpowered and not primarily
designed with this objective, whether NTIS may influence
the outcome of critically ill patients admitted to ICU is still
a matter of debate.

The aim of this study is to systematically review and
provide evidence regarding a standardized definition,
prevalence, and the association between NTIS and the
outcome of critically ill patients admitted to ICU.

Methods
Protocol and registration

This systematic review adheres to the PRISMA (15)
guidelines and was registered in the International
Prospective Register of Systematic Reviews (PROSPERO
CRD42020172989).
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Our aim was to investigate the prognostic relevance of
NTIS in critically ill adult patients. Particularly we focused
on the following research questions:

Study objectives

() Whatis the prevalence of NTIS?
(II) Is NTIS associated with adverse clinical outcome?

Eligibility criteria

We included only cohort studies (either prospective or
retrospective) and clinical trials which analyzed NTIS as a
prognostic factor in adult patients in ICU settings.

The exclusion criteria were age younger than 18 years,
animal studies, and articles that were not a cohort study
or clinical trial. We considered articles written in English,
Portuguese, and Spanish. No restriction to the date of
publication was applied.

Search strategy and study selection

We conducted a systematic search on MEDLINE (via
PubMed) and Embase databases from inception to
March 2020. Comprehensive search queries included
text words and descriptors (MeSH and Emtree) based on
expressions ‘Euthyroid Sick Syndrome’, ‘Non-thyroidal
Illness Syndrome’, and ‘Low T3 Syndrome’. The complete
search strategy for Embase and Pubmed is presented in
Supplementary data 1 (see section on supplementary
materials given at the end of this article).

Three independent reviewers (PRJ, ALK, and ]JV)
assessed the records for inclusion based on the titles and
abstracts. Abstracts that did not meet the inclusion criteria
or that met the exclusion criteria were discarded. The
remaining records and those abstracts that did not provide
sufficient information to decide upon their exclusion were
selected for full-text evaluation, which was performed by
the same reviewers independently. A fourth reviewer (SW)
solved the disagreements.

Data collection and extraction

Independent reviewers extracted the data using a
standardized system. The following information was
obtained: first author, year of publication, study design,
sample size, and age distribution. Baseline values of
thyroid function tests and definition of NTIS outcome
used measures and main results, correlated to critical

illness prognosis scores, conclusions, and limitations.
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During the process of data extraction, the individual risk
of bias of each study was assessed using the SIGN checklist
(Supplementary data 2) (16). The research team checked
and discussed the final extraction results.

Statistical analysis

The main analysis consisted of the investigation into an
association between decreased peripheral TH levels and
in-hospital mortality in adult patients. To determine the
strength of the association between decreased THs and
death, the standardized mean differences (SMD) were
derived between survivor and non-survivor groups, using
a random-effect model. The effect size estimation was
performed by determining the SMD with their 95% CI
because the TH levels were reported with a wide variety of
measurement units. SMD was calculated by the following
equation: ((non-survivor group mean level - survivor
group mean level)/pooled s.D.). The mean difference + s.D.
was derived from the TH levels across the comparison
groups. Since various units of TH were used in our study, we
convertedallintotherecommended standardinternational
units: T4 (nmol/L), T3 (nmol/L), free T4 (pmol/L), fT3
(pmol/L), and TSH (uIU/mL). The odds ratio (OR) with
95% CI for all-cause mortality were pooled using a meta-
analysis. For this purpose, only studies that presented
results from multiregression analysis were included. In
one study (17) that did not present the CI, we used a meta-
analysis level imputation, based on methodologic quality
and similarity of effect to estimate the missing values. This
study used both the 12 statistic and Cochran's Q statistic to
evaluate the heterogeneity. I? higher than 40% indicated
substantial heterogeneity across the included studies.
Because of the difference in those included studies, we
used the random-effects model to calculate the pooled
prevalence of ORs. Subgroup analysis was performed by the
type of admission and by quality assessment. Identification
of publication bias was performed by the R packages ‘meta’
(Rversion 3.3.2). The assessment of publication bias was by
tunnel plot and Egger’s test. The asymmetry of the funnel
plot and P-value (<0.05) using Egger’s test indicated that
bias was present.

Results
Trials identified through the search strategy

Our search identified 3038 titles and abstracts of potentially
eligible studies through database searching. After duplicate
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removal, 2078 records were screened and 38 full texts
were assessed for eligibility. Of these, 13 did not provide
information about the outcome of interest. Twenty-five
studies with 6869 patients in total were included in the
analysis (Fig. 1).

Study characteristics and risk of bias

Most of the records were from a small sample size, single-
center studies including heterogeneous adult medical
or mixed medical/surgical ICUs. Studies were conducted
between 2001 and 2020. There was a high risk of bias (Table
1) resulting from the observational (17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41) and retrospective study design (17, 18, 22, 30, 31,
37) used in the studies. The absence of statistical control
for known confounders (17, 23, 25, 26, 34, 37) and for
covariance with severity scores (24, 35) was also identified.
Additionally, some trials did not deal with NTIS as the main
research aspect and did not exclude patients with previous
thyroid disease (18, 30).

Diagnostic criteria and prevalence rates for NTIS

Among the 25 studies, 16 reported the use of strict
diagnostic criteria, while other studies used ‘decreased

3038 papers identified

(1476 pubmed / 1562
embase)

Excluded duplicates (n=960)

v

Review of titles and
abstracts (n=2078)

Excluded records:

- Non-critical care (n=1841)

- Pediatric population (n=165)

- Reviews / case reports (n=30)

- Unavailable full text / congress
abstract (n=4)

38 eligible for full text
analysis

Not providing expected
outcomes (n=13)

v

25 records included in
systematic literature
review

Figure 1
Flowchart of study selection.
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concentrations of T3 or FT3 or elevated concentrations
of rT3’ as the diagnostic criteria of NTIS, not considering
the changes in TSH. As to the prevalence rate, only three
studies did not describe the results of their samples. The
median prevalence rate was 58% (IQR 33.2-63.7). Four
studies also described the prevalence of the combination

outcomes, prior thyroid disease not

tested when clinical suspicion for
score. No analysis of covariance.

Small sample size, single center trial, no
Study was not designed for the clinical
Retrospective, thyroid hormones only
Significant correlation with APACHE
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Table 2 Diagnostic criteria and prevalence rate for NTIS.

Reference

Definition of NTIS

Prevalence

Sampling time

Bayarri, 2001 (17)

Scoscia, 2004 (18)

Peeters, 2005 (19)
Plikat, 2006 (20)

Gangemi, 2007 (21)
Sahana, 2008 (22)

Bello, 2009 (23)

Meyer, 2011 (24)

Tas, 2012 (25)
Todd, 2012 (26)

Nafae, 2013 (27)

Cerillo, 2014 (28)
Chuang, 2014 (29)

Naby, 2014 (30)

Galusova, 2015 (31)

Quari, 2015 (32)

Yasar, 2015 (33)

Hosny, 2015 (34)

Gutch, 2018 (35)
Padhi, 2018 (36)

Wang, 2019 (37)

Rothberger, 2019 (38)

Wang, 2019 (39)

Asai, 2020 (40)

Type 1: FT3 < 2.3 ug/mL, rT3 >

0.50 ng/mL with normal T4;

Type 2: FT3 <2.3 ug/mL, FT4 <0.9 ng/dL, rT3 >0.50
ng/mL, and TSH <0.35 plU/L;

Type 3: FT4 >1.8 ng/dL and rT3 >0,.50 ng/mL, T3 within
normal limit

Reduced T3, T4 range from reduced to slightly elevated,
with either normal or slightly suppressed TSH levels

Low serum T3 and high rT3.

Low serum levels of T3, normal or low serum levels of
T4, and normal or low serum levels of TSH.

Low serum levels of fT3 with increase of rT3 and
normal-to-low serum concentrations of fT4 and TSH.

Decreased serum T3 and increased TSH, followed by a
decrease in T4.

Low serum levels of T3, normal or low serum levels of
T4, and normal or low serum levels of TSH.

Low T3 levels, increased rT3

levels, and/or low T4 levels with normal fT4 levels in the
absence of an obvious thyroid disease

Low fT3 levels, although decreases in T3, fT4, and TSH
may occur in varying combinations

Low T3

Low serum levels of T3 and high levels of rT3, with
normal or low levels of T4 and normal or low levels
of TSH.

Low circulating T3 levels in the absence of an intrinsic
thyroid disease

Total T3 cutoff of 52.3 ng/dL (reference range 84 to
172 ng/dL)

Low serum levels of free and total T3 and high levels of
rT3 accompanied by normal or low levels of T4
and TSH

Low T3 levels, increased reverse T3 levels, and/or low
total T4 levels with normal fT4 levels in the absence of
an obvious thyroid disease

Low FT4, FT3, and TSH levels.

FT3 levels below the lower limit, and/or fT4 within the
normal or low limits and TSH levels within the normal
or low limits

Low serum levels of T3 and high levels of rT3
accompanied by normal or low levels of T4 and TSH

Low levels T3 and high levels of rT3 with variable values
of T4 and TSH in the low to normal range.

Group A: low T3 and normal or high T4.

Group B: low T3 and low T4.

High rT3 levels

FT3 <2.3 pg/mL

Decrease in levels of T3 and increase in levels
of rT3

Low FT3 (<1.88 pL/mL)

Type 1: 55.4%
Type 2: 10.9%
Type 3: 1%

53%

Not described

44% low T3

22% low T3 and low T4
Not described

80%

78% for low FT3

30.3 % for low FT3 and low
FT4

65%

77.2%
Not described

31% at the firsst day
79.6% at the thirrd day
43.7% at the tenth day
9.8%

42%

40%

T3 levels were lower in 20%,
and fT3 levels were lower
in 33% patients

16% of medical ICU patients
and 19.3% of surgical
ICU cases

51.2%

48.8 on admission and
61.3% on the fifth day

Not described

67%

Decreased fT3 or fT4 group:
33% Decreased TSH
group: 41%

60%

58.7%

53%

3°Day

Within 24 h of admission

Onday 1,5, 15, and last day
Not described

1-3 days after admission
On admission and on day 7

In the first 4 days after
admission, and consecutively
every 8 days after

During the first 24 h, on day 2,
and at discharge from the ICU
or death

Blood samples were obtained
24 h after admission

Blood samples colected when
sepsis were dianosed

Onday1,3,and 10

On admission

Within 48 h of admission

On admission and discharge
First, second, third, and

seventh day after admission

On the first to third days after
ICU admission.

In the first 24 h

On the day of admission (D1)
and fifth day after
admission (D5)

On admission

On admission

On the second day.

On the day of initiation of MV

1-3 days after CABG

Most underwent

measurements at days 1
(77.8%) and 2 (13.4%)

CABG, coronary artery bypass grafting; fT3, free triiodothyronine; fT4, free thyroxine; ICU, intensive care unit; MV, mechanical ventilation; rT3, reverse
triilodothyronine; T3, triiodothyronine; T4, thyroxine; TSH, thyrotropin.
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Table 3 Continued.

Univariate analysis

Comparison
between

favorable
and

Sex
(male/

Agein

Main results
unfavorable

Main results
favorable

unfavorable
groups, n

Mortality

(%)

TFT reference
values

years mean
(range)

Study

Conclusions

Other analysis

total)
627/956

design Population

Reference

Adverse

HR for 365-day

Normal

6.3%

74 (65-81)

RCS 956 Acute heart
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in patients

(n =511)

J Vidart et al.

with old age or
maltrution

ICU, intensive care unit; MACCE, major adverse cardiovascular and cerebral events; MRA, multivariate regression analysis; MV, mechanical ventilation; NTIS, non-thyroidal illness syndrome; OR, odds

ratio; PCS, prospective cohort study; PTS, polytrauma score; RCS, retrospective cohort study; rT3, reverse triiodothyronine; TFT, thyroid function tests; T3, triiodothyronine; T4, thyroxine; TSH,

thyrotropin.

APACHE, acute physiology and chronic health evaluation; CABG, coronary artery bypass grafting; Cl, CI; CO, cardiac output; D, day; FT3, free triiodothyronine; FT4, free thyroxine; HR, hazard ratio;

Thyroid hormone levels are presented as median (IQl) or mean # s.p.

Low T3 syndrome as prognosis 11:2 €210504

in critic patients

associated with increased mortality risk in both groups,
with reduced heterogeneity in patients admitted for non-
cardiovascular causes (Fig. 4).

Publication bias

Funnel plot suggested a tendency of publication bias on
the metanalysis on mortality risk (P Egger's test=0.05, Fig.
5). To adjust for funnel plot asymmetry, we used the trim
and fill method for sensitivity analysis, finding increased
mortality risk associated with NTIS (random-effects model:
OR 1.6049; 95% CI, 1.16-2.21; P=0.004).

Discussion

This study is the first systematic review and meta-analysis
to evaluate the prevalence and prognostic relevance of
NTIS in critically ill patients. According to our results,
decreased TH levels, either T3 or T4, are highly prevalent
and are associated with an unfavorable outcome in adult
patients admitted to ICU. Additionally, the independent
mortality risk associated with NTIS suggests the possibility
of using TH measurements as a prognostic factor in this
setting.

For decades, NTIS was regarded as an adaptive
mechanism to prevent catabolic changes during critical
illness (42). Our findings are in accordance with other
studies (13, 14, 43, 44, 45, 46) that consistently suggest
no survival advantage and question the generally
accepted idea of preservation associated with decreased
TH metabolism. Systematic reviews evaluating patients
with acute neurologic events (43, 44), cardiovascular
disease (14), sepsis (13), and chronic renal failure (45, 46)
point to an incremental risk of unfavorable outcomes
in patients with NTIS. Experimental and clinical studies
support the hypothesis that reduced serum and tissue
concentrations of T3 may be implicated in organic
dysfunction commonly related to the critically ill as
diminished cognitive status with lethargy (47), altered
cardiac inotropism and chronotropism, altered vasoactive
properties (48, 49), inability to control bacterial infections
due to reduced response of the innate immune system
(50), respiratory muscle weakness (51), reduced synthesis
of pulmonary surfactant, and decrease of lung compliance
resulting in the impairment of lung function (52). The
significant correlation between decreased TH and organic
dysfunctions indicates the possibility of the use of TH as
a prognostic factor for the critically ill, as multiple organ
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@ Eodosine, Rl I
N

Survivors Non-survivors
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight

2.1.FT3 -
Scoscia, 2004 28 3.68 2.4800 4 215 0.9200 ——-—— 0.63 [-0.43;1.69] 6.7%
Gangemi, 2007 238 3.30 0.8000 57 2.71 0.9300 - 0.71 [0.42;1.01] 9.8%
Bello, 2009 183 3.07 0.8000 81 1.84 0.7900 | 1.54 [1.25;1.83] 9.8%
Tas, 2012 250 3.22 1.0500 167 2.71 1.0100 0.49 [0.29;0.69] 10.0%
Wang, 2012 388 3.53 0.6000 92 2.95 0.5700 - 0.97 [0.74;1.21] 9.9%
Chuang, 2014 52 259 0.9500 54 2.48 0.9200 L 0.12 [-0.26;0.50] 9.5%
Naby, 2014 35 3.84 2.2500 5 3.02 1.6700 — 0.37 [-0.57;1.31] 7.2%
Yasar, 2015 65 3.36 1.0700 60 2.61 1.2000 = 0.66 [0.30;1.02] 9.6%
Hosny, 2015 41 200 0.8700 39 1.90 0.9800 - 0.11 [-0.33;0.55] 9.4%
Gutch, 2018 63 3.57 0.1900 27 2.94 0.1500 —+— 349 [2.80;4.18] 8.3%
Padhi, 2018 144 415 0.8800 97 2.08 0.9100 . 231 [1.98;264] 97%
Random effects model 1487 683 < 1.03 [0.57; 1.50] 100.0%
Heterogeneity: /2 = 95%, 1° = 0.5591, p < 0.01 f T T 1
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Figure 2
Forest plot of the effect of low thyroid hormone level and mortality.
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dysfunction syndrome is the most frequent cause of death
in the ICU (53).

Whether replacing TH can help to improve the
outcomes of NITS patients is still unknown. While some
studies are inconclusive regarding the effectiveness of
TH therapy in the outcome of patients with NTIS (54,
55) with risks associated with overdosage and delayed
recovery of the neuroendocrine feedback axis (56), others
have shown benefit on secondary endpoints, as reduced
protein degradation associated with restoration of plasma
TH levels (57) and increment of cardiac stroke volume
(58). Importantly, no of manuscripts here had patients
receiving any kind of treatment to NTIS. Nevertheless, it
is important to remember that normalization of deranged
physiologic parameters in ICU patients has repeatedly
proved to be ineffective in improving outcomes when the
causal stimulus is not addressed (59).
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Forest plot of the OR for mortality associated
with NTIS.

There were some limitations in this meta-analysis.
Firstly, we found high heterogeneities in the statistical
results. To address this issue, we performed a pre-specified
stratified analysis for confounding factors, such as main
diagnosis and methodological quality, which reduced the
heterogeneity (I? from 65 to 21%), showing more reliable
results in the risk assessment for mortality in the general
admission of ICU patients. Still, we were unable to control
for other causes of heterogeneities, like the severity of
disease and inconsistence of TH ample sizes, because of
insufficient data. Also, data were primarily derived from
single-center studies. Although from a geographically
diverse population, they might lack the necessary external
validity support. Finally, it is unclear if the presence of
patients with protracted disease prior to acute illness may
influence the results and for this matter we need more
studies in the future.
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[1.64; 2.97] 100.0% Figure 4
Forest plot of the OR for mortality in a stratified

analysis for cause of admission.
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Conclusion

The findings of this systematic review and meta-analysis
suggest that NTIS is highly prevalent in the critically ill
population and that decreased serum T3 or T4 levels are
associated with mortality in adult ICU patients. Based on
these findings, the measurement of serum T3 or T4 levels
could provide better information-related prognosis in this
setting.
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