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ABSTRACT
Objective This study aimed to explore whether 
thyroid- stimulating hormone (TSH) plays an early 
warning role in detecting progression of bacterial 
infection to sepsis and can serve as a novel 
marker for the diagnosis of sepsis.
Method This was a prospective study of 
patients treated for ‘bacterial infection’ in the 
emergency department of Beijing Chaoyang 
Hospital from 1 January 2021 to 31 August 
2021. Subjects were divided into a sepsis group 
(SG) and a non- SG (NSG), according to whether 
their condition had progressed to sepsis within 
72 hours of admission. Routine blood test results 
as well as biochemical and thyroid function 
indices (T4, FT4, T3, FT3) were recorded at 
the time of admission. TSH, Acute Physiology 
and Chronic Health Evaluation II scores and 
Sequential Organ Failure Assessment scores were 
likewise documented.
Results A total of 62 patients were enrolled, the 
SG and the NSG showed significant differences 
in their levels of TSH. The results indicate that 
TSH is an early warning marker for sepsis.
Conclusions TSH plays an early warning role in 
the diagnosis of bacterial infection progressing 
to sepsis, having a strong predictive value.

BACKGROUND
Sepsis refers to life- threatening organ 
dysfunction caused by host response 
imbalance triggered by an infectious 
process.1 2 It is clear that the identification 
of diagnostic markers with high sensitivity 
and specificity in the early stage of the 
disease is an important measure to reduce 
diagnostic delays and improve diagnostic 
accuracy.3 The hypothalamic–pituitary–
target gland axis is the main focus and has 
become the target of research efforts.4 In 
this study, we analysed the relationship 
between the serum levels of the thyroid 
hormones, namely, thyroxine (T4), free 
T4 (FT4), triiodothyronine (T3) and 
free T3 (FT3), and thyroid- stimulating 

hormone (TSH) and the occurrence of 
sepsis.

MATERIALS AND METHODS
This was a single- centre, prospective, 
observational study and included patients 
with acute infectious diseases admitted to 
the Emergency Clinical Research Center 
of Beijing Chaoyang Hospital, Capital 
Medical University. After admission, all 
patients received anti- infective treatment, 
fluid resuscitation, treatment for compli-
cations, organ support and nutritional 
support for their primary disease. Patients 
were evaluated for the presence of sepsis 
every 24 hours until 7th days after admis-
sion. The diagnosis of sepsis was based on 
the sepsis 3.0 criteria, that is, the presence 
of infection in addition to a Sequential 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ The role of activation and regulation of the 
nerveendocrine–immune network in the 
diagnosis of sepsis has received increasing 
attention. The hypothalamic–pituitary–
target gland axis is the main focus, and 
elucidating its impact on the diagnosis, 
treatment and prognosis of sepsis has 
become the target of research efforts.

WHAT THIS STUDY ADDS
 ⇒ In this study, we analysed the relationship 
between the serum levels of the thyroid 
hormones, namely, thyroxine (T4), free T4 
(FT4), triiodothyronine (T3) and free T3 
(FT3), and thyroid- stimulating hormone 
(TSH) and the occurrence of sepsis.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

 ⇒ The inflammatory response caused by 
acute infection can affect the positive and 
negative feedback regulatory pathways of 
the pituitary–thyroid axis, which manifests 
as abnormality in TSH levels in the early 
stages. TSH can be used as an indicator of 
the occurrence of early presepsis.
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Organ Failure Assessment (SOFA) score of greater 
than 2 points.1 Patients were divided into two groups: 
a sepsis group (SG) and a non- sepsis group (NSG).

Inclusion criteria
(1)Patients whose primary disease is an acute infec-
tious disease. (2) Age >18 years old. (3) The course of 
the disease is 24 hours or less.

Exclusion criteria
(1) The primary disease requires surgical intervention. 
(2) Patients with tumours or connective tissue diseases. 
(3) Patients with long- term use of oral or intravenous 
hormones. (4) Patients who died within 48 hours after 
admission. (5) Patients with acute poisoning or oral 
drugs that affect thyroid function. (6) Patients who 
had been diagnosed with sepsis at the time of admis-
sion. (7) Patients with a history of pituitary, thyroid or 
adrenal disease.

Criteria for rejection/withdrawal
(1)Patients who did not complete continuous moni-
toring for 72 hours for whatever reason. (2) Patients 
who could not be followed up for sepsis evaluation 
within 7 days of onset. (3) Death within 28 days unre-
lated to the primary disease.

Specimen collection and observation
All patients signed an informed consent form after 
admission and completed the corresponding specimen 
retention within 4 hours. The following assessments 
were performed: routine blood test; blood gas analysis; 
C reactive protein (CRP) level; procalcitonin (PCT) 
level; serum chemistry; thyroid function and TSH 
level; Acute Physiology and Chronic Health Evalua-
tion Ⅱ (APACHE II score); SOFA scoring. Patient eval-
uation for sepsis using appropriate diagnostic criteria 
was done every 24 hours until the 7th day after admis-
sion. Follow- up was conducted 28 days after the onset 
of illness and survival was documented. Deaths were 
classified as either related or unrelated to the primary 
disease.

Statistical analysis
The SPSS V.23.0 software was used to process the data 
collected. Normally distributed values were reported 
as mean±SD. Independent sample t- test was used for 
comparison between groups. Categorical data were 
expressed as frequencies (%), and comparison between 
groups was performed using the (χ2 test. All data were 
processed using the binary logistic regression equation, 
and the OR and 95% 95% CI were calculated. All tests 
were two- tailed, and a p<0.05 was used to determine 
statistical significance.

RESULTS
A total of 83 patients were enrolled in the study, with 
21 did not complete continuous monitoring. Sixty- two 

patients completed the study, including who were 32 
diagnosed with sepsis and 30 without sepsis. The 
onset of sepsis occurred 1.92±0.58 days after admis-
sion in SG. There were no significant difference in 
age (p=0.767), gender (p=0.770), site of infection 
(p=0.448, p=0.248，p=0.410), systolic blood pres-
sure (p=0.614), diastolic blood pressure (p=0.596), 
average arterial pressure (p=0.289), heart rate 
(p=0.775), BMI (p=0.404), haemoglobin (p=0.482), 
platelet count (p=0.937), albumin level (p=0.104), 
D- dimer level (p=0.366), alkali excess (p=0.110), 
APACHE II score (p=0.400) and SOFA score 
(p=0.120) between the two groups. However, PCT 
level (p=0.034), CRP level (p=0.001), blood lactate 
level (p=0.000) and 28- day mortality rate (p=0.049) 
were significantly higher than those in NSG. The levels 
of T3/T4 (p=0.038) and TSH (p=0.002) in SG were 
significantly lower than those in NSG (table 1).

Taking the occurrence of sepsis as the end point, the 
indicators T3/T4, TSH, PCT, CRP and blood lactic 
acid at admission were brought subjected to the binary 
logistic regression equation. The results indicate that 
decreased levels of TSH (p=0.038, OR 1.432, 95% 
CI 1.020 to 2.011) were independent risk factors for 
sepsis.

DISCUSSION
The function of the hypothalamic–pituitary–thyroid axis 
appears to exert a considerable impact on the diagnosis, 
treatment and prognosis of sepsis.5 6 This may be because 
thyroid hormone plays an important role in immune func-
tion, especially the innate immune response.7–11

Thyroxine has two main forms, T3 and T4. In our 
research, we found that there was no significant differ-
ence in the levels of thyroxine T3, T4, FT3 and FT4 
between the two groups (SG and NSG). However, the 
T3/T4 ratio of the SG was significantly lower than 
that of the non- septic group. The decrease in the ratio 
of T3/T4 indicates substantial T3 consumption, with 
such consumption being closely related to the body’s 
inflammatory response. On one hand, excessive 
inflammatory reaction leads to the consumption of a 
large amount of thyroxine, which causes a decrease 
in blood thyroxine level and can manifest as early 
hypothyroidism in patients with sepsis. On the other 
hand, the consumption of a large amount of thyroxine 
affects the regulatory mechanism of the neuroendo-
crine–immune network, which leads to reduced regu-
lation of the inflammatory response.

However, the TSH levels of patients in the SG were 
significantly lower than those in the NSG, and we 
believe that this change may have more clinical signif-
icance. TSH is a hormone that regulates thyroxine 
release by the pituitary. The phenomenon for TSH level 
of patients who progressed to sepsis decreased signifi-
cantly cause that the feedback regulation mechanism 
of the hypothalamic–pituitary–thyroid axis is disturbed 
by the acute infection, which then leads to inhibition 
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of the immune regulatory mechanism. In the case of 
severe infections, inflammatory factors can reach the 
pituitary gland through the systemic circulation, causing 
local vasodilatation, microcirculatory disturbances and 
metabolite accumulation. This can lead to ischaemic 
infarction of the pituitary gland and induce pituitary 
insufficiency.12 13 Insufficient secretion of TSH nega-
tively affects the synthesis and release of thyroxine, 
resulting in a lack of the expected increase in thyroxine 
level during the inflammatory response. Therefore, 
we have reason to believe that the change in TSH may 
be closely related to the severity of the inflammatory 
response caused by infection. The decline in levels of 

thyroxine due to consumption caused failure of feed-
back and upregulation of TSH levels, which manifested 
as persistently low levels of TSH.14

Limitations of the study

Due to the limited number of samples in prospective 
clinical studies, which limits the research conclusion. 
Moreover, if functional assessment of the hypothal-
amus–pituitary axis can be further improved, including 
the measurement of related hormone levels and the 
nuclear magnetic examination of related parts, it is 
possible to obtain more reliable research results.

Table 1 General condition and clinical characteristics of patients

General condition Whole (n=62） SG (n=32） NSG (n=30) P value

Age (mean±SD） 74.29±12.43 77.88±12.04 70.47±11.85 0.767
Male (%） 47 (75.8) 25 (40.3%） 22 (35.5) 0.770
Female (%） 15 (24.2) 7 (11.3%) 8 (12.9) 0.710
Dead in 28 days, n (%） 15 (24.2) 11 (17.7) 4 (6.5) 0.049*
Time of onset sepsis (day） 1.92±0.58 – –
Infection site, n (%）
  Lung infection 49 (79.0) 24 (38.7) 25 (40.3) 0.448
  Abdominal infection 6 (9.7) 4 (6.5) 2 (3.2) 0.248
  Urinary tract infections 5 (8.1) 2 (3.2) 3 (4.9) 0.410
  Skin and soft tissue infections 1 (1.6) 0 1 (1.6) –
  Unknown site of infection 1 (1.6) 1 (1.6) 0 –
Admission vital signs
  Systolic BP mm Hg (mean±SD） 128.69±15.18 129.84±15.60 127.47±14.88 0.614
  Diastolic BP mm Hg (mean±SD） 72.00±11.33 73±12.23 70.93±10.39 0.596
  MAP mm Hg (mean±SD） 90.90±10.84 91.95±11.43 89.78±10.25 0.289
  Heart rate, bmp (mean±SD） 99.03±20.31 101.13±22.19 96.80±18.20 0.775
  BMI (mean±SD） 23.19±3.95 22.92±4.22 23.48±3.68 0.404
Laboratory indicators
  Platelets (×109） 218.21±105.40 199.72±108.56 237.93±99.96 0.937
  Haemoglobin (g/L） 118.31±28.81 115.91±26.29 120.87±23.30 0.482
PCT (ng/ml） 6.83±21.79 10.20±27.04 3.11±13.43 0.034*
CRP (mg/L） 35.75±124.02 67.25±174.84 7.63±26.66 0.001*
Bundle (g/L) 35.18±6.41 34.36±5.58 36.05±7.18 0.104
D- dimer (mg/L） 4.60±7.51 5.64±8.15 3.44±6.68 0.366
Blood lactic acid 1.91±1.96 2.43±2.58 1.36±0.54 0.000*
  Alkali Surplus −0.24±8.06 −1.14±8.58 0.72±0.01 0.110
  Clinical scoring
APACHE II (mean±SD） 12.98±6.16 14.53±6.68 11.33±5.16 0.400
SOFA (mean±SD） 2.79±2.40 3.28±2.93 2.27±1.55 0.120
T3 (mean±SD） 0.63±0.86 0.51±0.22 0.79±1.28 0.087
T4 (mean±SD） 5.87±2.40 5.93±2.38 5.79±2.47 0.900
FT3 (mean±SD） 1.88±0.55 1.81±0.55 1.96±0.55 0.964
FT4 (mean±SD） 1.13±0.39 1.09±0.29 1.18±0.50 0.372
FT3/T3 (mean±SD） 4.24±2.48 4.37±2.97 4.09±1.70 0.395
FT4/T4 (mean±SD） 0.22±0.19 0.20±0.05 0.25±0.28 0.076
T3/T4 (mean±SD） 0.15±0.45 0.09±0.04 0.23±0.68 0.038*
TSH (mean±SD） 2.54±6.77 1.19±1.02 4.29±10.03 0.002*
*Comparison of sepsis group and non- sepsis group, p<0.05.
APACHEII, Acute Physiology and Chronic Health Evaluation II; BMI, body mass index; BP, blood pressure; CRP, C reactive protein; MAP, mean arterial 
pressure; NSG, non- sepsis group; PCT, procalcitonin; SG, sepsis group; SOFA, Sequential Organ Failure Assessment; TSH, thyroid- stimulating hormone.  on M
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CONCLUSION
The inflammatory response caused by acute infection 
can affect the positive and negative feedback regulatory 
pathways of the pituitary–thyroid axis, which mani-
fests as abnormality in TSH levels in the early stages. 
Because this abnormality is related to the progression 
of infection to sepsis, TSH can be utilised as an indi-
cator of the occurrence of early presepsis.
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