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Abstract
Background: Thyroid hormone abnormalities are frequently encountered in patients with critical illness. Sepsis is an important
cause of death of neonates in developing countries. The aim of our
study was to evaluate the prognostic role of thyroid hormones (FT3,
FT4, TSH) in neonates specifically with sepsis and septic shock and
to correlate their levels of C-reactive protein (CRP).
Methods: Forty neonates with sepsis were included in the study
as cases. Neonates with gestational age less than 37 weeks, body
weight less than 2,500 grams or with congenital abnormalities were
excluded from the study. Septic neonates were further divided into
sepsis survivors (n = 19), shock-survivors (n = 9) and non-survivors. Forty full term neonates without sepsis served as controls.
Thyroid hormones and CRP were estimated by chemiluminescent
immunometric assay and immunoturbidimetric assay respectively.
Results: The FT3 and FT4 hormones levels were significantly decreased (P < 0.001) in neonates with sepsis as compared to controls.
No significant difference was observed in TSH levels. Non survivors had lower FT3 and FT4 levels (P < 0.05) compared to sepsissurvivor group. There was also a significant negative correlation
between CRP and FT3 level in non-survivor group (r = -0.60; P =
0.02) and septic shock survivor group (r = -0.78; P = 0.006).
Conclusions: Low levels of FT3 and elevation in CRP correlate
closely with decreased survival in septic neonates.
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Introduction
The incidence of neonatal sepsis in the developing world is
10-30% and mortality is between 30-45% [1]. Neonatal sepsis is a clinical syndrome characterized by signs and symptoms of infection with or without accompanying bacterimia
in the first month of life. Many neuroendocrine changes take
place during critical illness however reports of these changes
in neonatal sepsis are limited. The hormonal changes can
be attributed to various lymphokines and monokines which
are able to influence the hypothalamic-pituitary-thyroid axis
modulating either the thyroid hormone levels or the hormone cytokine production by thyrocytes [2]. IL-1 and IL-6
are inflammatory cytokines implicated in the pathogenesis
of non-thyroidal illness [3]. C-reactive protein (CRP) is an
acute phase reactant produced in the liver, induced by cytokine IL-6 and its levels are commonly assayed for diagnosis
of neonatal sepsis.
Epidemiological studies have shown alterations in thyroid hormones levels in hospitalized patients. These alterations are more commonly observed in those with increased
age or critical illness [4]. Low triiodothyronine (T3) and elevated reverse triiodothyronine (rT3) levels are commonly
observed due to inhibition of 5’-deiodinase enzyme. With increasing severity of illness the levels of total thyroxin (TT4),
free thyroxin (FT4) and thyroid stimulating hormone (TSH)
may also decrease [5]. Few studies in critically ill children
showed an association of decreased levels of TT3 and TT4
with mortality [6, 7]. In another study by Anand et al, no significant changes were observed in thyroid indices with CRP
[8]. Very few studies have been reported in neonates. To date
it is also unclear whether newborns respond in the same way
as adults during critical illness. Therefore in this study we
aimed at assessing the thyroid hormone and CRP levels in
neonates with sepsis and correlating these levels with disease
severity in sepsis survivor, sepsis shock survivor and sepsis
non-survivor groups.
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Table 1. Mean Serum CRP, FT3, FT4, and TSH Levels in Neonates With Sepsis and Controls
Groups

N

CRP (mg/L)

FT3 (pg/mL)

FT4

Control group

40

1.033 ± 0.82

3.99 ± 1.98

2.45 ± 2.21

4.72 ± 3.14

Septic neonates

40

20.24 ± 25.09

1.98 ± 0.73

1.51 ± 0.89

4.64 ± 4.40

P < 0.0001

P < 0.0001

P < 0.001

P > 0.05

P-value

Materials and Methods
Study population and selection criteria
This study was conducted in Chacha Nehru Bal Chikitsalya
Hospital, New Delhi over the period from January 1st till
August 30th, 2012. The study population comprised of 40
newborns with sepsis characterized by diminished spontaneous activity, bradycardia, temperature instability, respiratory
distress, seizures, jaundice and less vigorous sucking who
were admitted to the NICU (Neonatal Intensive Care Unit)
during this period. In addition, neonates were considered to
have septic shock if they had hypotension and decreased endorgan perfusion. The neonates with sepsis were further divided into sepsis survivor, shock survivor and non-survivors
groups which includes 19, 9 and 12 patients respectively.
Blood cultures showing positive growth were seen in
18 neonates and 4 neonates had meningitis as confirmed by
CSF examination. Neonates with gestational age less than 37
weeks, birth weight less than 2,500 grams and those with multiple congenital anomalies were excluded from the study. Forty full term neonates without sepsis served as controls. This
study has been cleared by Institution Ethics Review Board for
human studies and patients have signed an informed consent.
Sample collection and processing
Under aseptic conditions venous blood samples were col-

(ng/dL)

TSH (µIU/mL)

lected by the NICU staff into sterile blood collection tubes.
The samples were used to monitor the levels of FT3, FT4,
TSH and CRP with other investigations. Thyroid hormones
were estimated after the third day of life using a chemiluminescent assay (Access-2, Beckman Coulter analyzer) [9] and
CRP levels were determined by immunoturbidimetric assay
(Olympus AU-400 analyzer) [10]. Thyroid function tests
were evaluated among septic neonates and control group and
further the relationship between thyroid hormones and CRP
levels was determined among sepsis survivor, shock survivor and non-survivors on NICU admission.
Statistical analysis
Statistical analysis was carried out using SPSS for windows
12.0 software (SPSS Inc., Chicago, IL, USA). Data was expressed in mean ± standard deviation values. The data between the two groups was analyzed by using Students unpaired ‘t’ test and Pearson correlation test was used to define
correlation between thyroid hormones and CRP levels. A Pvalue of less than 0.05 was accepted as significant.

Results
The mean serum CRP, FT3, FT4 and TSH levels in septic
neonates and control group are presented in Table 1. There
was a significant decrease in FT3 (P < 0.0001) and FT4 (P

Table 2. Mean Serum CRP, FT3, FT4 and TSH Levels in Sepsis Survivors, Septic Shock Survivors V/S Non-Survivors
Groups

N

CRP (mg/L)

FT3 (pg/mL)

FT4 (ng/dL)

TSH (µIU/mL)

Sepsis Survivor Group

19

4.92 ± 1.48

2.12 ± 0.66

2.33 ± 0.78

3.80 ± 3.64

Septic-Shock Survivor Group

9

16.53 ± 4.54a

1.90 ± 0.75c

1.95 ± 1.41c

5.68 ± 4.62c

Non-Survivor Group

12

49.33 ± 29.91a, b

1.52 ± 0.86a, d

1.47 ± 0.90a, d

5.02 ± 2.45c, d

: significantly different compared to septic survivors, P < 0.05; b: significantly different compared to septic-shock survivors P < 0.05;
: No significant difference with sepsis survivors; d: No significant difference with septic-shock survivors.

a
c
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Figure 1. Graph showing correlation of CRP with FT3 level in septic shock survivor group.

< 0.001) levels in neonates with sepsis as compared to controls. No significant difference was observed in TSH levels
in neonates with sepsis and control group.
The septic neonates were further divided according to
the presence of shock and survival into the following subgroups of sepsis survivors (n = 19), shock-survivors (n = 9)
and non-survivors (n = 12). All septic neonates were treated
with antibiotics and parenteral fluids as per protocol. Inotropics except dopamine or glucocorticoids were given to 15
neonates with septic shock and 6 neonates were mechanically ventilated.
The mean CRP level was significantly higher in the sepsis non-survivor group compared to the sepsis survivor and
septic shock survivor groups (P < 0.05). The non-survivors

also had statistically significantly lower FT3 and FT4 levels
compared to the sepsis survivor group (P < 0.05). No significant difference was observed in FT3 and FT4 between septic
shock survivors and nonsurvivors. No significant difference
was also seen in TSH levels in sepsis survivors and septic
shock survivors compared to non-survivors (Table 2).
There was a significant negative correlation between
CRP and FT3 levels in the septic shock survivors and nonsurvivor groups (Fig. 1, 2).

Discussion
The present study showed significantly lower serum levels

Figure 2. Graph showing correlation of CRP with FT3 level in non-survivor group.

64

Articles © The authors | Journal compilation © J Endocrinol Metab and Elmer Press™ | www.jofem.org

Sharma et al

J Endocrinol Metab • 2013;3(3):62-66

of FT3 and FT4 in neonates with sepsis compared to agematched non-septic controls. No difference was observed in
levels of serum TSH. The levels of FT3 were also found to
be significantly lower in non-survivor septic neonates compared to the survivor group. No statistical difference was
observed in levels of FT4 and TSH. There was a significant
negative correlation between high CRP levels in neonates
with sepsis FT3 levels.
Thyroid hormones are important for the metabolic adaptations of the body in times of stress and critical illness [11].
Alterations in the hypothalamic-pituitary thyroid axis suggest a prognostic role of thyroid hormones in neonates with
sepsis and septic shock. In a study by Kurt A et al [12], serum
TT3 and TT4 levels of septic newborns were significantly
decreased at the onset while serum TT4 level increased after
the antibiotic treatment. In another prospective cohort study
by B. K Das and his co-workers, low TT3, TT4 and elevated
cortisol levels predicted adverse outcome in septic neonates
[13]. Borkowski et al have shown that decreased levels of
FT3 and TSH were associated with poor prognosis in patients with septic shock [14]. In another similar study, Lodha
and his co-workers suggested that thyroid function derangement in children was not an important factor contributing
to severity of septic shock [11]. They found lower levels of
TT3, TT4, FT3, FT4 and TSH in children with septic shock
compared to sepsis group.
It has been hypothesized that the immune system cells
can affect the systemic thyroid hormone activity. This activity may be attributed to the complex pathophysiological interplay between TSH and the immune system. Expression of
TSH receptors has been shown to be affected by the function
of various types of hematopoietic and immune system cells
that express the TSH receptor [15, 16]. It mainly includes
subsets of hematopoietic cells in the bone marrow, as well
as peripheral monocytes, dendritic cells, and T-lymphocytes.
Furthermore, some of the above cell types can produce
biologically active TSH that can have autocrine and paracrine actions. It can influence the early stages of the immune
response to an antigen [15, 16] which may includes the regulation of the synthesis and release of mediators of inflammation, such as IL6 and tumor necrosis factor-α (TNF-α)
and T3 expression [17]. Various studies have demonstrated
a significant negative correlation between cytokines and
circulating thyroid hormone concentration in patients with
non-thyroidal illness. Hashimoto et al have demonstrated
that the levels of serum TT3 in patients with increased IL-6
were significantly reduced during acute infection in children
[18]. In another study by Dilli D and his co-workers, CRP
levels significantly correlated with T3 levels at the 4th week
of life [19]. CRP is an acute phase protein produced in the
liver under the influence of cytokines like IL-1, IL-6, TNF-α
etc. The 5’-deiodinase which mediates the conversion of T4
to T3 is also found in rich quantities in the liver. It is possible
that cytokines especially IL-6 play an important role in stim-

ulating the production of CRP and simultaneously inhibit the
activity of 5’-deiodinase [4].
Conclusion
To conclude, the present study on neonates with sepsis suggests that low levels of FT3 at baseline correlates closely
with poor outcome in neonates with sepsis or septic shock
and favour the existence of an association between lower
FT3 and FT4 with worse outcome. We also showed an inverse relationship of thyroid hormones with CRP levels as
limited studies are available. Our study supports the interplay between thyroid hormones and the immune system. The
findings of our review regarding the association between
thyroid hormone abnormalities and the outcome of patients
with sepsis or septic shock indicate that these abnormalities
could be of prognostic value, perhaps even independently of
other such markers. Further studies are required on a larger
sample size to substantiate the findings and should aim to
more clearly establish the strength of the above-mentioned
association in neonates with sepsis.
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