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Non-thyroidal illness syndrome
subtypes and mortality in
sepsis: associations with
thyroid autoantibodies

Yi Zhou †, Xiangtao Zheng †, Yanjun Zheng and Zhitao Yang*

Department of Emergency Medicine, Ruijin Hospital, Shanghai Jiao Tong University School of
Medicine, Shanghai, China
Background: Non-thyroidal illness syndrome (NTIS) is frequently observed in

patients with sepsis; however, prognostic differences among its subtypes remain

poorly defined. This study aimed to evaluate whether different NTIS subtypes and

the presence of thyroid autoantibodies are associated with mortality in

septic patients.

Methods:We conducted a retrospective cohort study including 871 patients with

sepsis admitted to a tertiary hospital in Shanghai between 2015 and 2019. Thyroid

function tests were performed within 24 hours of sepsis diagnosis. NTIS was

categorized into four subtypes according to serum free triiodothyronine (FT3),

free thyroxine (FT4), and thyroid-stimulating hormone (TSH) levels: NTIS-1

(isolated low T3), NTIS-2 (combined low T3 and T4), NTIS-3 (low T3 with

preserved TSH response), and NTIS-4 (near-normal thyroid hormone levels

with mild abnormalities). Thyroid antibodies, including thyroglobulin antibody

(TGAb) and thyroid peroxidase antibody (TPOAb), as well as other clinical and

laboratory parameters, were measured. The primary outcome was in-hospital

mortality. Multivariable logistic regression analyses were performed, adjusting for

age, sex, comorbidities, Sequential Organ Failure Assessment (SOFA) score,

infection site, and relevant laboratory variables.

Results: NTIS was present in 82% of patients (715/871). Compared with patients

without NTIS, those with NTIS were older, had a higher burden of comorbidities,

and exhibited more severe organ dysfunction, as reflected by higher SOFA scores

(all p < 0.01). After multivariable adjustment, NTIS remained an independent

predictor of in-hospital mortality, conferring more than a threefold increased

risk (odds ratio [OR] 3.14, 95% confidence interval [CI] 1.52–7.00, p = 0.003).

Among NTIS subtypes, both NTIS-1 (OR 4.26, 95% CI 1.33–16.41, p = 0.022) and

NTIS-2 (OR 3.99, 95% CI 1.31–14.88, p = 0.024) were associated with

approximately a fourfold higher risk of death. TGAb positivity emerged as the

strongest prognostic factor, doubling the risk of mortality in the overall cohort

(OR 2.15, 95% CI 1.30–3.60, p < 0.01) as well as in the NTIS subgroup (OR 1.97,

95% CI 1.17–3.33, p = 0.011). TPOAb positivity showed a similar trend toward

increased mortality but did not reach statistical significance (OR 1.74, 95% CI

0.96–3.14, p = 0.068).

Conclusions: NTIS is highly prevalent among patients with sepsis and

independently predicts in-hospital mortality after adjustment for disease
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severity. Patients with NTIS-1 and NTIS-2 subtypes are at particularly high risk of

death. Moreover, TGAb positivity is a strong and independent predictor of

mortality. Incorporating thyroid function tests together with thyroid antibody

measurements may enhance risk stratification in patients with sepsis.
KEYWORDS

in-hospital mortality, non-thyroidal illness syndrome, sepsis, thyroid autoantibodies,
thyroid hormones
Introduction

Sepsis remains one of the leading causes of death among

hospitalized patients worldwide (1, 2). Despite substantial

advances in intensive care management and antimicrobial

therapy, mortality remains unacceptably high, ranging from 15–

30% in sepsis and exceeding 40% in septic shock (3). The profound

systemic inflammatory and metabolic stress associated with sepsis

disrupts multiple endocrine pathways, including the hypothalamic–

pituitary–thyroid (HPT) axis (4, 5).

Non-thyroidal illness syndrome (NTIS) is highly prevalent in

critically ill patients and is typically characterized by reduced serum

triiodothyronine (T3) levels accompanied by normal or decreased

thyroxine (T4) and thyroid-stimulating hormone (TSH)

concentrations (6, 7). In intensive care unit (ICU) settings,

particularly among patients with sepsis or septic shock, the

prevalence of NTIS can reach 70–80% (8, 9). Pathophysiologically,

NTIS reflects disturbances in peripheral thyroid hormonemetabolism,

including impaired T4-to-T3 conversion, increased production of

reverse T3 (rT3), and dysregulation of hypothalamic–pituitary

feedback mechanisms (10, 11). Whether these alterations represent

an adaptive response to reduce energy expenditure or a maladaptive

process that contributes to organ dysfunction remains a subject of

ongoing debate (12, 13).

Findings from multiple observational studies and meta-analyses

indicate that NTIS is linked to increased mortality in sepsis and other

critically ill populations (5, 14, 15). Reduced T3 levels have been

correlated with greater disease severity, prolonged hospitalization,

and a higher risk of death (16, 17). However, most existing studies

have treated NTIS as a homogeneous condition, thereby overlooking

potential heterogeneity in thyroid hormone profiles (6, 9). Distinct

NTIS subtypes—such as isolated low T3, combined low T3 and T4, or

abnormal TSH responses—may reflect different underlying

pathophysiological mechanisms and carry different prognostic

implications, yet these distinctions remain insufficiently explored

(16, 19).

In addition to alterations in thyroid hormone levels, thyroid

autoimmunity may further modulate outcomes in sepsis.

Thyroglobulin antibodies (TGAb) and thyroid peroxidase

antibodies (TPOAb) are relatively common in the general

population, with approximately 10–15% of adults testing positive

(20). Emerging evidence suggests that autoimmune thyroid

antibodies may interfere with innate immune function and

cytokine regulation, potentially influencing the host response to

infection and the clinical course of sepsis (21, 22). Experimental

studies have also shown that thyroid hormones can enhance nitric
02
oxide–mediated bacterial clearance and improve survival in

infectious models (23). Nevertheless, clinical data evaluating the

prognostic significance of thyroid antibodies in septic patients,

particularly in the context of NTIS, remain scarce (24).

To address these knowledge gaps, we conducted the present

study with three specific objectives. First, we assessed the prevalence

of NTIS and its subtypes in patients with sepsis, classifying NTIS

into four subtypes based on patterns of free triiodothyronine (FT3),

free thyroxine (FT4), and TSH. Second, we examined whether

different NTIS subtypes are associated with differential risks of

mortality. Third, we evaluated whether the presence of thyroid

autoantibodies provides prognostic information beyond established

clinical severity scores. We hypothesized that integrating NTIS

subtyping with thyroid antibody assessment would improve risk

stratification in patients with sepsis.
Materials and methods

Study design and data source

We conducted a single-center retrospective cohort study using

data from a tertiary teaching hospital in Shanghai, China. The study

period spanned from January 1, 2015, to December 31, 2019. Data

were obtained from the hospital information system, including

electronic medical records, the laboratory information system,

and the computerized order entry system. Structured queries were

used to extract relevant variables. The study protocol was approved

by the Ethics Committee of Ruijin Hospital, Shanghai Jiao Tong

University School of Medicine (approval number: 2021-59; March

9, 2021). Because all data were de-identified and analyzed

retrospectively, the requirement for informed consent was waived.
Study population

All adult inpatients (aged ≥18 years) with a discharge diagnosis

of sepsis during the study period were screened. The date of the first

sepsis diagnosis during the index hospitalization was defined as the

baseline date. This initial screening identified 1,860 potential

sepsis cases.

Patients were eligible for inclusion if they met all of the

following criteria: (1) age ≥18 years; (2) hospitalization with a

discharge diagnosis of sepsis; and (3) availability of at least one

complete thyroid function panel—free triiodothyronine (FT3), free
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thyroxine (FT4), and thyroid-stimulating hormone (TSH)—

measured within 24 hours after the sepsis diagnosis.

Exclusion criteria were applied sequentially as follows: (1)

absence of thyroid function testing during the septic episode (n =

899); (2) missing key clinical information required to assess sepsis

severity or infection characteristics, including components of the

Sequential Organ Failure Assessment (SOFA) score, Systemic

Inflammatory Response Syndrome (SIRS) criteria, or infection

site; (3) use of systemic glucocorticoids before the first thyroid

panel during the septic episode; and (4) pre-existing thyroid disease

or prior thyroid surgery that could substantially alter baseline

thyroid function. The latter category included hyperthyroidism,

hypothyroidism, Hashimoto thyroiditis with abnormal thyroid

function, total thyroidectomy, and partial thyroidectomy

requiring long-term hormone replacement.

After applying all inclusion and exclusion criteria, 871 patients

constituted the final study cohort. Among them, 715 patients met

the criteria for non-thyroidal illness syndrome (NTIS), while 156

patients were classified as euthyroid according to the definitions

described below. Each patient contributed only one index

hospitalization and one set of baseline thyroid measurements.

Thyroid status and biomarker definitions

Thyroid status and NTIS subtypes

Thyroid function was evaluated using the first measurements of

FT3, FT4, and TSH obtained within 24 hours after sepsis diagnosis.

The reference ranges used at our institution were 2.63–5.70 pmol/L

for FT3, 9.01–19.04 pmol/L for FT4, and 0.35–4.94 mIU/mL for

TSH. In addition, total triiodothyronine (T3; reference range 0.89–

2.44 nmol/L) and total thyroxine (T4; reference range 62.67–150.84

nmol/L) were measured.

Euthyroid status was defined as FT3, FT4, and TSH values all

within their respective reference ranges. NTIS was defined by an

FT3 concentration below the lower limit of normal, with or without

concomitant abnormalities in FT4 or TSH. Patients with NTIS were

further categorized into four subtypes based on predefined

hormonal patterns: NTIS-1 (low FT3 with normal FT4 and

normal TSH), NTIS-2 (low FT3 and low FT4 with normal or low

TSH), NTIS-3 (low FT3 with elevated TSH above the upper

reference limit), and NTIS-4 (other thyroid dysfunction patterns

not meeting the criteria for NTIS-1 to NTIS-3). This classification

followed a prespecified algorithm illustrated in the study flowchart.
Hormone and antibody assays

Serum TSH, FT3, FT4, total T4 (TT4), total T3 (TT3), and

reverse T3 (rT3) were measured by automated chemiluminescent

immunoassays using the Architect i2000SR platform (Abbott

Laboratories, Chicago, IL). The laboratory reference ranges

provided by the manufacturer were applied in this study.

Serum thyrotropin receptor antibody (TRAb) levels were

determined using electro-chemiluminescence immunoassays

(Cobas 601 analyzer; Roche Diagnostics), with a recommended

cutoff value of 1.75 IU/L.
Frontiers in Endocrinology 03
Serum thyroid peroxidase antibodies (TPOAb) and thyroglobulin

antibodies (TgAb) were measured using chemiluminescent

microparticle immunoassays (Abbott Laboratories, Abbott Park,

IL). Serum thyroglobulin concentrations were determined by

immunometric assay (Cobas e601; Roche Diagnostics) in the same

certified central laboratory.

All assays were performed in accordance with the manufacturers’

protocols in a certified clinical laboratory.

Thyroid-related biomarkers

Four additional thyroid-related biomarkers measured within

the same time window as the thyroid function panel were analyzed.

Using local laboratory reference cutoffs, these markers were

dichotomized as follows: thyroid peroxidase antibody (TPOAb)

positivity (≥5.61 IU/mL), thyroglobulin antibody (TGAb) positivity

(≥4.11 IU/mL), elevated reverse T3 (rT3 >95 ng/dL), and elevated

thyroglobulin (>77 ng/mL). These biomarkers were used to

compare prevalence across euthyroid and NTIS phenotypes and

to assess their associations with clinical outcomes.

Clinical variables and outcomes

Clinical variables were extracted from the hospital information

system using structured queries, with manual chart review

performed when necessary to ensure data accuracy. Collected

demographic variables included age and sex. Comorbidities were

summarized using the Charlson comorbidity index, and specific

conditions such as diabetes mellitus, history of deep venous

thrombosis (DVT), smoking status, and alcohol use were

recorded. Infection sites were categorized as abdominal,

respiratory, urinary, bloodstream, central nervous system, skin or

soft tissue, or unknown.

Baseline disease severity was assessed using the SOFA score,

SIRS criteria count, quick SOFA (qSOFA) score, and Acute

Physiology and Chronic Health Evaluation II (APACHE II) score.

Vital signs around the time of sepsis diagnosis included body

temperature, heart rate, mean arterial pressure, respiratory rate,

oxygen saturation, and Glasgow Coma Scale score. Laboratory

parameters were collected within a ±2-day window around the

diagnosis of sepsis and included complete blood count, liver

function tests, renal function indices, electrolytes, coagulation

parameters, inflammatory markers, lactate, and cardiac troponin

I. Treatment-related variables included the use of mechanical

ventilation and vasopressors.

The primary outcome was in-hospital mortality, defined as

death occurring during the index hospitalization. The secondary

outcome was hospital length of stay, calculated in days from

admission to discharge or death. Patients discharged alive were

classified as survivors in the mortality analysis.

Statistical analysis

All statistical analyses were performed using R software (version

4.2.3). Continuous variables were summarized as medians with

interquartile ranges due to skewed distributions, while categorical

variables were reported as counts and percentages.
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Baseline comparisons

Baseline characteristics were compared between euthyroid and

NTIS groups using the Mann-Whitney test for continuous variables

and the chi-square test or Fisher’s exact test, as appropriate, for

categorical variables.

Thyroid hormone and marker comparisons

Thyroid hormone levels (FT3, FT4, TSH, total T3, and total T4)

and thyroid-related biomarkers (TPOAb, TGAb, rT3, and

thyroglobulin) were compared across the euthyroid group and the

four NTIS subtypes. Kruskal–Wallis tests were used for continuous

variables, and chi-square tests were applied to categorical variables.

To visualize differences in biomarker prevalence, a heatmap was

generated showing positivity rates across the euthyroid, NTIS-1,

and NTIS-2 groups. NTIS-3 and NTIS-4 were excluded from this

visualization because of limited sample sizes (n = 5 and n =

57, respectively).
Association between NTIS and mortality

The association between thyroid status and in-hospital

mortality was examined using binary logistic regression models.

Unadjusted analyses assessed thyroid status as the sole predictor,

followed by multivariable analyses adjusting for key demographic

and clinical factors known to influence sepsis outcomes. Covariates

included age, sex, Charlson comorbidity index, SOFA score,

infection site, serum creatinine, D-dimer, total bilirubin, troponin

I, white blood cell count, and neutrophil count.

In-hospital mortality served as the dependent variable, and

thyroid status or NTIS subtype was the primary independent

variable. Model performance and fit were evaluated to ensure the

robustness of estimates. Regression results were reported as odds

ratios (ORs) with 95% confidence intervals (CIs), and adjusted

effects were visualized using forest plots.
Association between thyroid markers and
outcomes

For each thyroid-related biomarker (TPOAb positivity, TGAb

positivity, elevated rT3, and elevated thyroglobulin), analyses were

conducted in both the overall sepsis cohort and the NTIS subgroup.

Crude mortality rates were first compared between biomarker-

positive and biomarker-negative patients using chi-square tests.

Subsequently, multivariable logistic regression models were fitted

for each biomarker, adjusting for the same covariates used in the

NTIS analyses. Both crude and adjusted ORs with 95% CIs

are reported.

Hospital length of stay was compared between biomarker-

positive and biomarker-negative groups using the Mann-Whitney

test in both populations. Results are presented as medians with

interquartile ranges, and violin plots were used to illustrate the

distribution of length of stay according to biomarker status.
Frontiers in Endocrinology 04
General statistical principles

All analyses were performed using complete-case data; no

multiple imputation was applied for missing values. All statistical

tests were two-sided, and a p-value <0.05 was considered

statistically significant.

All analyses and data visualizations were implemented using R

software (version 4.2.3) with the following packages: tidyverse,

tableone, ggplot2, dplyr, forestplot, ggpubr, and reshape2.
Results

Patient selection and baseline
characteristics

Our final cohort included 871 sepsis patients: 715 with NTIS

and 156 euthyroid (Figure 1). NTIS patients were distributed as

follows: NTIS-1 (n=256), NTIS-2 (n=397), NTIS-3 (n=5), and

NTIS-4 (n=57).

NTIS patients were older and sicker than euthyroid patients.

More NTIS patients were over 65 years old (41.4% vs 29.5%,

p<0.01). The median SOFA score was higher in NTIS (4 vs 1,

p<0.01), indicating more severe organ dysfunction. Sex distribution

was similar between groups (63% male in both, p=0.846). NTIS

patients also had more comorbidities. Diabetes was twice as

common in NTIS (20.0% vs 9.3%, p<0.01). DVT history was

more frequent (38.9% vs 25.0%, p<0.01). The Charlson

comorbidity index was higher in NTIS (p<0.01), reflecting their

greater disease burden.

Vital signs showed that NTIS patients had more physiologic

stress. Heart rate was faster (123 vs 114 per minute, p<0.01) and

temperature was higher (39.0 vs 38.8 °C, p=0.040). Interestingly,

respiratory rate was lower in NTIS (13 vs 14 per minute, p<0.01),

which may reflect central drive suppression. Laboratory tests

confirmed more widespread organ dysfunction in NTIS patients.

They had higher white blood cell counts (9.4 vs 7.0 ×10 (9)/L,

p<0.01) and neutrophil counts (7.6 vs 5.0 ×10 (9)/L, p<0.01),

suggesting stronger inflammatory response. Kidney function was

worse, with higher creatinine (78 vs 67 mmol/L, p<0.01). Markers of

coagulation and tissue injury were also elevated: D-dimer was

doubled (4.4 vs 2.2 mg/mL, p<0.01), bilirubin was higher (18.7 vs

15.4 mmol/L, p<0.01), and troponin I was elevated (0.07 vs 0.02 ng/

mL, p<0.01). Respiratory infections were the most common source

in NTIS patients (42.5% vs 29.7%) (Table 1).

To evaluate potential selection bias related to thyroid function

testing, baseline characteristics of patients included in the final

cohort were compared with those who did not undergo early

thyroid assessment. These comparisons are presented.

(Supplementary Table 1). Although certain demographic and

clinical differences were observed, overall severity indices and

mortality rates were broadly comparable between groups,

suggesting that the inclusion criteria did not introduce substantial

imbalance in baseline disease severity.
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Thyroid hormone patterns

Euthyroid patients had median values within normal ranges for

all thyroid hormones: FT3 3.58 pmol/L, FT4 14.16 pmol/L, TSH

1.74 mIU/mL, total T3 1.33 nmol/L, and total T4 101.16 nmol/L.

The four NTIS subtypes showed distinct hormone patterns (all

comparisons p<0.01). NTIS-1 and NTIS-2 shared some features but

differed in important ways. Both had low FT3 (2.33 and 1.81 pmol/L)

and low total T3 (0.81 and 0.66 nmol/L). In both subtypes, TSH

remained normal or low (0.93 and 0.66 mIU/mL) rather than rising as

expected. This suggests suppression of the hypothalamic-pituitary

axis. The critical difference was in T4 levels. NTIS-1 maintained

normal FT4 (13.34 pmol/L) and total T4 (78.41 nmol/L),

representing isolated T3 reduction. In contrast, NTIS-2 had low

FT4 (9.97 pmol/L) and low total T4 (52.75 nmol/L), consistent with

“combined low T3 and T4”.

NTIS-3 showed a different pattern. These patients had low FT3

(2.69 pmol/L) but their TSH rose to 4.38 mIU/mL, near the upper

limit of normal. This compensatory response suggests that the

hypothalamic-pituitary axis was still functioning. However, this

subtype was rare with only 5 patients. NTIS-4 patients had near-

normal FT3 (3.58 pmol/L) and total T3 (1.30 nmol/L). They showed

only mild reductions in FT4 and total T4, representing a milder

form of thyroid dysfunction (Table 2, Figure 2).
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Thyroid-related markers

High reverse T3 became progressively more common in NTIS

subtypes. Only 19.3% of euthyroid patients had elevated rT3,

compared to 39.5% in NTIS-1, 37.3% in NTIS-2, and 60.0% in

NTIS-3 (p<0.01). Interestingly, NTIS-4 had the lowest rate at 8.5%,

suggesting less severe thyroid axis disruption.

Thyroid antibody positivity also increased with NTIS. TGAb-

positive rates rose progressively from 23.4% in euthyroid patients to

34.8% in NTIS-1 and 40.8% in NTIS-2 (p<0.01). TPOAb-positive

showed a similar increasing trend from 12.3% in euthyroid to 20.4%

in NTIS-2, but this did not reach statistical significance (p=0.233).

Elevated thyroglobulin was uncommon across all groups, ranging

from 0% to 13.1% with no significant differences (p=0.396) (Table 2).

Due to small sample sizes, marker distribution was visualized only for

euthyroid, NTIS-1, and NTIS-2 groups (Figure 3).

NTIS and in-hospital mortality

Crude mortality was higher in patients with NTIS compared with

euthyroid patients (82.7% vs 69.7%, p < 0.01). After multivariable

adjustment, NTIS remained independently associated with increased

in-hospital mortality, with an adjusted odds ratio (OR) of 3.14 (95%

confidence interval [CI] 1.52–7.00, p = 0.003).
FIGURE 1

Study cohort selection and thyroid status classification. A total of 1,860 patients with sepsis were initially screened. After exclusion of patients
without thyroid function testing (n = 899) and those with known thyroid disease, 871 patients were included in the final cohort. Patients were
categorized into non-thyroidal illness syndrome (NTIS; n = 715) and euthyroid (n = 156) groups. The NTIS group was further subdivided into four
predefined subtypes: NTIS-1 (n = 256), NTIS-2 (n = 397), NTIS-3 (n = 5), and NTIS-4 (n = 57).
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When individual NTIS subtypes were examined, both NTIS-1

and NTIS-2 were significantly associated with higher mortality risk.

NTIS-1 was associated with a 4.26-fold increase in adjusted odds of

death (95% CI 1.33–16.41, p = 0.022), and NTIS-2 with a 3.99-fold

increase (95% CI 1.31–14.88, p = 0.024). NTIS-3 demonstrated a

markedly elevated point estimate (adjusted OR 27.35); however, the

confidence interval was extremely wide (95% CI 0.65–1206.25) and

the association did not reach statistical significance (p = 0.068),

reflecting substantial statistical uncertainty likely attributable to the

very small sample size of this subgroup (n = 5). NTIS-4 was not

significantly associated with mortality (adjusted OR 0.44, 95% CI

0.05–3.37, p = 0.447) (Table 3, Figure 4).

Thyroid markers and clinical outcomes

TGAb positivity emerged as the strongest predictor of mortality.

In all sepsis patients, TGAb-positive patients had higher crude

mortality (35.4% vs 24.1%) and 2.15 times higher adjusted odds of

death (95% CI 1.30-3.60, p<0.01). This association remained

significant in NTIS patients only, with an adjusted OR of 1.97

(95% CI 1.17-3.33, p=0.011). TPOAb positivity showed a similar

trend with higher mortality (35.5% vs 26.5%) and an adjusted OR of

1.74, but this did not quite reach statistical significance (95% CI 0.96-

3.14, p=0.068). Neither elevated rT3 nor high thyroglobulin predicted

mortality in adjusted analyses (Table 4, Figure 5).

Hospital length of stay showed different patterns. Patients with

elevated rT3 had significantly shorter stays in both the overall

cohort (22 vs 28 days, p<0.01) and in NTIS patients (22 vs 28 days,

p<0.01). However, this may reflect early mortality rather than faster

recovery, given that rT3 did not predict survival benefit. In contrast,

TPOAb positivity was associated with longer hospital stay only in

NTIS patients (28 vs 24 days, p=0.037), possibly indicating a more

prolonged illness course in those with thyroid autoimmunity.

TGAb status and thyroglobulin levels did not significantly affect

length of stay (Table 5, Figure 6).
TABLE 1 Baseline characteristics of patients with euthyroid and NTIS.

Variable
Euthyroid
(N = 156)

NTIS
(N = 715)

p value

Demographics

Age, years <0.01

18-39 43 (27.6) 117 (16.4)

40-64 67 (42.9) 302 (42.2)

>65 46 (29.5) 296 (41.4)

Male sex 99 (63.5) 445 (62.2) 0.846

Vital signs

Heart rate 114 (95-138) 123 (108-139) <0.01

MAP, mm Hg 78 (72-86) 78 (71-89) 0.625

Respiratory rate 14 (12-16) 13 (11-15) <0.01

Temperature, °C
38.8 (37.7-
39.7)

39.0 (38.2-
39.8)

0.040

GCS score 15 (15-15) 15 (15-15) <0.01

Comorbidities and risk factors

Diabetes mellitus 14 (9.3) 139 (20.0) <0.01

History of DVT 39 (25.0) 278 (38.9) <0.01

Current smoking 36 (23.1) 190 (26.6) 0.423

Alcohol use 20 (12.8) 147 (20.6) 0.035

Infection site

Respiratory 44 (29.7) 44 (29.7)

Abdominal 33 (22.3) 198 (28.6)

Urinary 4 (2.7) 14 (2.0)

Bloodstream 2 (1.4) 8 (1.2)

Central nervous system 2 (1.4) 5 (0.7)

Skin/soft tissue 5 (3.4) 6 (0.9)

Unknown 58 (39.2) 167 (24.1)

SOFA score 1 (0-5) 4 (1-7) <0.01

Septic shock 10 (6.4) 77 (10.8) 0.134

Laboratory values

White blood cell count,
×109/L

7.0 (4.4-11.7) 9.4 (6.1-14.0) <0.01

Neutrophil count, ×109/L 5.0 (2.6-9.8) 7.6 (4.7-11.5) <0.01

Hemoglobin, g/L 104 (82-124) 99 (79-117) 0.151

Hematocrit, % 31 (25-37) 30 (24-35) 0.099

Platelet count, ×109/L 173 (95-271) 142 (73-229) 0.058

PT, sec
13.3 (12.3-
15.1)

14.0 (12.7-
15.9)

0.016

APTT, sec
33.1 (29.4-
37.3)

33.5 (29.6-
39.8)

0.263

D-dimer, mg/mL 2.2 (1.0-5.5) 4.4 (1.9-8.7) <0.01

Fibrinogen, g/L 3.4 (2.4-4.9) 3.8 (2.5-5.1) 0.122

ALT, U/L 28 (16-51) 25 (13-52) 0.216

AST, U/L 28 (20-58) 33 (20-64) 0.245

(Continued)
TABLE 1 Continued

Variable
Euthyroid
(N = 156)

NTIS
(N = 715)

p value

Laboratory values

Total bilirubin, mmol/L
15.4 (11.0-
23.3)

18.7 (11.7-
32.8)

<0.01

Creatinine, mmol/L 67 (51-84) 78 (56-130) <0.01

Sodium, mmol/L 139 (136-142) 138 (135-143) 0.933

Potassium, mmol/L 3.9 (3.6-4.2) 3.8 (3.5-4.2) 0.715

Lactate, mmol/L 2.1 (1.7-2.9) 2.0 (1.5-2.9) 0.341

Arterial pH
7.42 (7.38-
7.45)

7.42 (7.38-
7.45)

0.757
Continuous variables: median (interquartile range); categorical variables: No. (%).
Comparisons used Mann-Whitney tests (continuous) and chi-square or Fisher’s exact tests
(categorical). MAP, mean arterial pressure; GCS, Glasgow Coma Scale; DVT, deep vein
thrombosis; SOFA, Sequential Organ Failure Assessment; PT, prothrombin time; APTT,
activated partial thromboplastin time; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; NTIS, non-thyroidal illness syndrome.
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TABLE 2 Thyroid hormones and related markers by thyroid status groups.

Variable
Euthyroid
(N = 156)

NTIS-1
(N = 256)

NTIS-2
(N = 397)

NTIS-3
(N = 5)

NTIS-4
(N = 57)

p value

Thyroid hormones

FT3, pmol/L 3.58 (3.35,3.98) 2.33 (2.00,2.72) 1.81 (1.54,2.18) 2.69 (2.51,2.70) 3.58 (3.23,4.03) <0.01

FT4, pmol/L 14.16 (12.96,15.32) 13.34 (12.63,14.42) 9.97 (8.73,11.02) 13.71 (13.33,13.94) 11.50 (10.73,12.34) <0.01

TT3,nmol/L 1.33 (1.15,1.50) 0.81 (0.70, 0.95) 0.66 (0.55, 0.76) 0.85 (0.80, 0.92) 1.30 (1.15, 1.45) <0.01

TT4, nmol/L 101.16 (85.79,112.92) 78.41 (70.69,90.34) 52.75 (43.02,64.8) 91.14 (83.41,98.28) 79.37 (67.81,91.73) <0.01

TSH, mIU/mL 1.74 (1.12,2.39) 0.93 (0.40,1.69) 0.66 (0.18,1.38) 4.38 (4.30,4.47) 2.43 (0.98,4.14) <0.01

Thyroid-related markers

TPOAb-positive, n (%) 19 (12.3%) 41 (16.0%) 81 (20.4%) 1 (20.0%) 10 (17.5%) 0.233

High thyroglobulin, n
(%)

14 (10.4%) 27 (13.1%) 26 (8.2%) 0 (0.0%) 4 (8.3%) 0.396

High rT3, n (%) 26 (19.3%) 81 (39.5%) 118 (37.3%) 3 (60.0%) 4 (8.5%) <0.01

TGab_positive 36 (23.4%) 89 (34.8%) 162 (40.8%) 2 (40.0%) 19 (33.3%) <0.01
F
rontiers in Endocrinolog
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Continuous variables: median (interquartile range); categorical variables: No. (%). Comparisons used Kruskal-Wallis tests (continuous) and chi-square tests (categorical). FT3, free
triiodothyronine; FT4, free thyroxine; TT3, total triiodothyronine; TT4, total thyroxine; TSH, thyroid-stimulating hormone; TPOAb, thyroid peroxidase antibody; TGAb, thyroglobulin
antibody; rT3, reverse triiodothyronine.
FIGURE 2

Thyroid hormone levels across thyroid status groups. Horizontal bars show median levels of FT3 (blue), FT4 (green), and TSH (purple) in euthyroid
and NTIS subgroups. Arrows indicate direction of change from reference range. Data are shown as median with IQR. FT3, free triiodothyronine; FT4,
free thyroxine; TSH, thyroid-stimulating hormone; IQR, interquartile range; NTIS, non-thyroidal illness syndrome.
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Discussion

In this cohort of 871 patients with sepsis, non-thyroidal illness

syndrome (NTIS) was highly prevalent, affecting 82% of patients

who underwent thyroid function testing. This prevalence is

comparable to that reported in previous intensive care unit (ICU)

studies (5, 6, 8). Consistent with earlier observations, patients with

NTIS were older, carried more comorbidities, and had higher SOFA

scores than euthyroid patients (9, 15). These findings reinforce the

link between NTIS and critical illness severity (9, 15).

We identified four NTIS subtypes based on thyroid hormone

profiles. NTIS-1 was defined by an isolated reduction in

triiodothyronine (T3). NTIS-2 was characterized by a concurrent

reduction in T3 and thyroxine (T4). In NTIS-3, the decrease in T3

was accompanied by a preserved or compensatory response of

thyroid-stimulating hormone (TSH), whereas NTIS-4 was

characterized by largely preserved hormone levels with only mild

abnormalities, reflecting a more heterogeneous pattern within the

NTIS spectrum.In adjusted analyses accounting for disease severity

and other potential confounders, NTIS remained independently

associated with in-hospital mortality, with the odds of death

increased by more than threefold. Similar associations have been
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reported in earlier meta-analyses involving septic populations (8,

14, 16).

Mortality risk was highest in the NTIS-1 and NTIS-2 subtypes,

both of which were associated with an approximately fourfold

increase in risk, consistent with the findings reported by Padhi

et al. (16). This pattern suggests a potential role of T3 deficiency.

Experimental studies have shown that reduced availability of T3

may impair mitochondrial function and tissue repair, thereby

contributing to organ dysfunction (10, 27).

NTIS was associated with several markers of disease severity. In

both unadjusted and adjusted analyses, NTIS was associated with

higher mortality. Although NTIS patients had greater baseline disease

severity, the association persisted after adjustment for major

confounders, suggesting that NTIS may represent more than a

simple marker of illness severity.One possible interpretation is that

NTIS reflects an endocrine response that is not entirely adaptive in

the setting of critical illness. Prior reviews have described a biphasic

pattern of thyroid hormone changes, in which early suppression may

be energy conserving, while persistent suppression may become

detrimental (12, 25, 26). Although low T3 levels have been

proposed as protective in some settings (11, 28), other studies have

linked sustained reductions to impaired recovery and organ

dysfunction (13, 25). In our cohort, the observed associations were

more consistent with the latter interpretation and with reports

relating persistent NTIS to prolonged organ dysfunction (15, 30).

Among thyroid-related biomarkers, thyroglobulin antibody

(TGAb) positivity emerged as the strongest predictor of mortality,

doubling the risk of death in both the overall sepsis cohort and the

NTIS subgroup. This observation is concordant with prior reports

associating thyroid autoantibodies with unfavorable ICU outcomes

(22, 24). Thyroid autoimmunity may reflect an underlying immune

dysregulation that compromises host defense, alters cytokine

signaling, and exacerbates inflammatory responses during sepsis

(18, 21). Thyroid peroxidase antibody (TPOAb) positivity showed a

similar trend toward increased mortality but did not reach statistical
FIGURE 3

Prevalence of thyroid-related markers by thyroid status. Heatmap shows positive rates (%) for four thyroid-related markers across euthyroid, NTIS-1,
and NTIS-2 groups. Color intensity indicates percentage of positive cases. Numbers show counts (positive/total). TPOAb, thyroid peroxidase
antibody; TGAb, thyroglobulin antibody; rT3, reverse triiodothyronine; Tg, thyroglobulin; NTIS, non-thyroidal illness syndrome.
TABLE 3 Association between NTIS and in-hospital mortality.

Comparison Adjusted OR (95% CI) p value

NTIS vs Euthyroid 3.14 (1.52–7.00) 0.003

NTIS-1 vs Euthyroid 4.26 (1.33–16.41) 0.022

NTIS-2 vs Euthyroid 3.99 (1.31–14.88) 0.024

NTIS-3 vs Euthyroid 27.35 (0.65–1206.25) 0.068

NTIS-4 vs Euthyroid 0.44 (0.05–3.37) 0.447
Odds ratios and 95% CIs from multivariable logistic regression adjusted for age, sex,
comorbidity index, SOFA score, infection site, and key laboratory values. Reference group
is euthyroid patients. OR, odds ratio; CI, confidence interval.
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significance, possibly due to lower prevalence or biological

differences between antibody types. Elevated reverse T3 (rT3)

levels were associated with shorter hospital stays, a finding that

likely reflects early mortality rather than accelerated recovery, as

rT3 was not associated with improved survival. Consistent with this

interpretation, rT3 has been described as a marker of metabolic

suppression in critical illness (28). In contrast, TPOAb positivity

was associated with prolonged hospitalization among NTIS

patients, suggesting a more protracted disease course in the

presence of thyroid autoimmunity.

From a clinical perspective, these findings suggest that thyroid

function assessment may enhance risk stratification in sepsis.

Identification of NTIS-1 or NTIS-2 patterns could help recognize

patients at particularly high risk of death (5, 6, 14), while TGAb

measurement may provide prognostic information beyond

established severity scores. The high prevalence of thyroid

autoantibodies among patients with NTIS also raises the
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possibility that autoimmunity contributes to susceptibility to

severe illness. The role of thyroid hormone replacement therapy

in this context remains controversial. Randomized trials and meta-

analyses have generally failed to demonstrate a survival benefit and

have even suggested potential harm in unselected ICU populations

(29, 30). Although our study does not address therapeutic

interventions, the observed heterogeneity across NTIS subtypes

and immune profiles suggests that treatment effects may differ

among patient subgroups. Future interventional studies should

therefore consider stratifying participants by NTIS subtype and

thyroid antibody status.

This study has several strengths, including a large sample size,

comprehensive assessment of thyroid hormones and related

biomarkers, and extensive adjustment for clinical confounders.

However, several limitations merit consideration. The single-

center, retrospective design may limit generalizability. Thyroid

function was measured only once at the time of sepsis diagnosis,
TABLE 4 Association between thyroid markers and in-hospital mortality.

Marker Patients number Marker-negative Marker-positive
Crude OR
(95% CI)

Adjusted OR
(95% CI)

p value

Overall Sepsis Cohort

TPOAb-positive 869 190/717 (26.5%) 54/152 (35.5%) 1.53 (1.05–2.21) 1.74 (0.96–3.14) 0.068

TGAb-positive 869 135/561 (24.1%) 109/308 (35.4%) 1.73 (1.28–2.34) 2.15 (1.30–3.60) <0.01

High rT3 708 129/476 (27.1%) 66/232 (28.4%) 1.07 (0.75–1.51) 1.31 (0.70–2.42) 0.398

High thyroglobulin 711 186/640 (29.1%) 10/71 (14.1%) 0.40 (0.19–0.76) 0.61 (0.20–1.67) 0.360

NTIS Subgroup

TPOAb-positive 715 165/58x2 (28.4%) 52/133 (39.1%) 1.62 (1.09–2.40) 1.68 (0.91–3.08) 0.096

TGAb-positive 715 114/443 (25.7%) 103/272 (37.9%) 1.76 (1.27–2.43) 1.97 (1.17–3.33) 0.011

High rT3 573 109/367 (29.7%) 62/206 (30.1%) 1.02 (0.70–1.48) 1.17 (0.61–2.24) 0.636

High thyroglobulin 576 163/519 (31.4%) 9/57 (15.8%) 0.41 (0.18–0.82) 0.66 (0.20–1.96) 0.470
Mortality shown as deaths/total (%). Crude and adjusted odds ratios with 95% CIs from logistic regression models. Adjusted models controlled for age, sex, comorbidity index, SOFA score,
infection site, and key laboratory values.
FIGURE 4

Association between NTIS and in-hospital mortality. Forest plot shows adjusted odds ratios for in-hospital mortality comparing NTIS overall and each
subtype to euthyroid patients. Points show odds ratios with 95% confidence intervals. Estimates from multivariable logistic regression models. NTIS,
non-thyroidal illness syndrome.
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and serial measurements might better capture dynamic changes in

thyroid status. The small number of patients with NTIS-3 precludes

firm conclusions regarding this subtype. In addition, we lacked data

on thyroid hormone therapy during hospitalization and on long-

term outcomes after discharge. Although thyroid-specific therapy is

uncommon in acute sepsis settings, the absence of such information
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may have influenced hormone and antibody measurements and

therefore could not be fully accounted for in our analyses. As with

all observational studies, causality cannot be inferred.

In conclusion, NTIS is highly prevalent in patients with sepsis

and independently predicts mortality beyond established measures

of illness severity. NTIS-1 and NTIS-2 subtypes are associated with
TABLE 5 Hospital length of stay by thyroid marker status.

Marker Patients,No.
Marker negative,

LOS days
Marker positive,

LOS days
p value

Overall Sepsis Cohort

TPOAb-positive 860 24 (15, 41) 27 (16, 51) 0.152

TGab-positive 860 26 (15, 41) 25 (14, 45) 0.734

High rT3 703 28 (17, 46) 22 (13, 36) <0.01

High Tg 706 26 (15, 43) 25 (16, 43) 0.629

NTIS Subgroup

TPOAb-positive 707 24 (15, 39) 28 (17, 52) 0.037

TGab-positive 707 25 (15, 40) 26 (14, 46) 0.665

High rT3 568 28 (17, 46) 22 (13, 36) <0.01

High Tg 571 26 (15, 42) 27 (16, 42) 0.499
Length of stay shown as median (interquartile range) in days. Comparisons used Mann-Whitney tests. LOS, length of stay; Tg, thyroglobulin.
FIGURE 5

In-hospital mortality by thyroid marker status in sepsis subgroups. Bar charts compare in-hospital mortality (%) between marker-negative (gray) and
marker-positive (blue) patients for four thyroid markers. Data are shown separately for two sepsis cohorts (A) overall sepsis cohort; (B) NTIS subgroup. P
values from chi-square tests. TPOAb, thyroid peroxidase antibody; TGAb, thyroglobulin antibody; rT3, reverse triiodothyronine; Tg, thyroglobulin.
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the highest risk of death, and TGAb positivity represents a strong

independent prognostic marker. Together, these findings indicate

that thyroid function testing, including antibody assessment, may

improve risk stratification in sepsis. Further research is warranted to

determine whether NTIS subtyping or thyroid autoimmunity can

inform personalized therapeutic strategies.
Conclusion

In this cohort of 871 patients with sepsis, non-thyroidal illness

syndrome (NTIS) was highly prevalent and independently

associated with increased mortality after adjustment for illness

severity. Among the identified subtypes, NTIS-1 and NTIS-2 were

associated with the highest risk of death. In addition, thyroglobulin

antibody (TGAb) positivity emerged as a strong and independent

predictor of mortality in both the overall cohort and the NTIS

subgroup. Collectively, these findings indicate that assessment of

thyroid function, particularly when combined with thyroid

antibody measurement, may enhance risk stratification in patients
Frontiers in Endocrinology 11
with sepsis. Future studies are warranted to determine whether

NTIS subtyping or thyroid antibody status can be used to guide

individualized therapeutic strategies.
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