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Euthyroid sick syndrome in children with 
diabetic ketoacidosis
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ABSTRACT

Objectives: To investigate characteristics of euthyroid 
sick syndrome (ESS) in children with diabetic 
ketoacidosis (DKA). 

Methods: This retrospective study was carried out 
between May 2010 and April 2013 at the Pediatric 
Department of Shandong Provincial Hospital, 
Shandong University, Shandong, China. Diabetic 
ketoacidosis children were divided into 2 groups: 
euthyroidism (group one, n=30) and ESS (group 2, 
n=40). C-peptide, glycosylated hemoglobin (HbA1c), 
bicarbonate, anion gap (AG), free triiodothyronine 
(FT3), free thyroxine (FT4), and thyrotropin (TSH) 
levels were measured before and after 7 days of insulin 
treatment. Daily blood glucose (BG) profiles were 
recorded. 

Results: Glycosylated hemoglobin, AG, the mean 
daily BG, and fasting blood glucose levels were 
higher, and bicarbonate, FT3, FT4, and TSH levels 
were lower in group 2 than in group one (all p<0.05). 
Free triiodothyronine (r=-0.593, p<0.001) and FT4 
(r=-0.402, p=0.001) were negatively correlated with 
HbA1c. Free triiodothyronine (r=-0.438, p<0.001) 
and FT4 (r=-0.505, p<0.001) were negatively 
correlated with AG, and FT3 (r=0.503, p<0.001) and 
FT4 (r=0.448, p<0.001) were positively correlated 
with bicarbonate. 

Conclusion: Diabetic ketoacidosis children with ESS 
have poor diabetic control. Free thyroid hormones are 
associated with the severity of DKA. 
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The euthyroid sick syndrome (ESS), also known 
as low triiodothyronine (T3) syndrome or 

nonthyroidal illness syndrome, reflects abnormalities 
in thyroid hormones in patients with acute or chronic 
stress and illnesses.1 In mild illness, the abnormalities 
include decreased serum T3 and free triiodothyronine 
(FT3) levels. In severe illness, there are decreased serum 
T3, FT3, thyroxine (T4), free thyroxine (FT4), and 
thyrotropin (TSH) levels. 

Type 1 diabetes mellitus (T1DM), particularly 
diabetic ketoacidosis (DKA), is closely associated with 
these thyroid hormone abnormalities in ESS.2 The 
presence of ESS as a predictor of poor prognosis is 
related to the severity of the illness. It has been shown 
that serum T3 and T4 levels are correlated with poor 
glycemic control and ketoacidosis in T1DM.3 It is 
unclear whether free thyroid hormones are correlated 
with poor diabetic control in DKA children. In the 
present study, we investigated characteristics of ESS in 
DKA children. The correlation between free thyroid 
hormones and diabetic control were evaluated. 

Methods. Patients. Related research was searched 
using the keywords: euthyroid sick syndrome, diabetic 
ketoacidosis, and type 1 diabetes mellitus in PubMed. 
This retrospective case-control study was carried out 
at the Pediatric Department of Shandong Provincial 
Hospital Affiliated to Shandong University, Shandong, 
China between May 2010 and April 2013. 

We excluded patients with other endocrinological 
disorders, systemic illness, pituitary and thyroid disease, 
and a history of diabetes mellitus. Patients who had 
previously received any medication apart from insulin 
were also excluded. The diagnosis of T1DM was based 
on the American Diabetes Association criteria.4 The 
biochemical criteria of DKA included blood glucose 
(BG)>11mmol/L, venous pH<7.3, or bicarbonate 
<15mmol/L.5 Euthyroidism was defined when FT3, 
FT4, and TSH levels were within reference ranges; 
ESS was defined when FT3 and/or FT4 levels were 
decreased, and TSH levels were normal or decreased.6 
A total of 70 DKA patients with euthyroidism and ESS 
were included in the final analysis. Thirty patients were 
considered euthyroid (group one), and 40 patients were 
found to have ESS (group 2). 

All patients were managed according to standard 
guidelines for DKA.7 After resolution of DKA, patients 
received multiple daily insulin injections, aspart (Novo 
Nordisk, Bagsvaerd, Denmark) immediately before 
each meal and glargine (Sanofi-Aventis, Paris, France) 
once-daily at bedtime. The total daily insulin dose 
ranged from 0.6 to 1.5 IU/kg. 
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The study was approved by the Ethical Committee 
of Shandong Provincial Hospital Affiliated to Shandong 
University, Shandong, China, and was conducted 
according to the principles of Helsinki Declaration. 

Biochemical assays. Fasting blood samples were 
taken at the time of initial diagnosis of DKA and stored 
at -70 °C until assayed. Serum C-peptide was measured 
by chemiluminescent immunometric assays (Cobas 
E170, Roche Diagnostics, Mannheim, Germany). 
Plasma glycosylated hemoglobin (HbA1c) was 
measured by high-performance liquid chromatography 
(HLC-723G7, Tosoh Corporation, Tokyo, Japan). 
Autoantibodies to islet cells, insulin, and glutamic 
acid decarboxylase were assessed by enzyme-linked 
immunosorbent assay (ELISA) (Biomerica, Newport 
Beach, California, USA). Serum bicarbonate and anion 
gap (AG) were measured using an automatic biochemistry 
analyzer (AU5400, Beckman Coulter, Tokyo, Japan). 
Blood glucose levels were measured using a glucometer 
(Accu-Chek Performa, Roche Diagnostics, Penzberg, 
Germany). Serum FT3, FT4, TSH, anti-thyroid 
peroxidase antibody, anti-thyroglobulin antibody, and 
anti-TSH receptor antibody were measured using an 
automated chemiluminescent immunoassay system 
(Advia Centaur, Siemens, Munich, Germany). The 
intra-assay and inter-assay coefficients of variation were 
<6% for all parameters. Laboratory data except HbA1c 
were evaluated after 7 days of treatment (when patients 
had achieved good control of diabetes and normal 
thyroid function tests). Daily BG profiles (before and 

2 hours after each meal, at bedtime, and at 3 AM) were 
performed and recorded during treatment. 

Statistical analysis. Normally distributed data 
was presented as mean ± standard deviation (SD). 
Data of skewed distribution was expressed as median 
(interquartile range). The Chi-squared test was used to 
compare categorical variables. Two independent-sample 
t tests were used for normally distributed data, and 
Mann-Whitney test was used for skew data between 
2 groups. Paired data before and after treatment was 
compared by the parametric test (paired t test) and 
nonparametric test (Wilcoxon signed ranks test). The 
Pearson and Spearman correlation tests were applied to 
evaluate the relationship between parametric data and 
nonparametric data. All analysis were performed using 
the Statistical Package for Social Sciences version 17.0 
(SPSS Inc. Chicago, IL, USA). A p-value <0.05 was 
considered statistically significant.

Results. Clinical characteristics at onset of DKA. 
With respect to gender, age at onset, duration of 
symptoms before diagnosis, autoimmune antibodies, 
and C-peptide, there were no significant differences 
between the 2 groups (all p>0.05). The levels of HbA1c 
and AG were significantly higher in group 2 than in 
group one (both p<0.01). The levels of bicarbonate, 
FT3, FT4, and TSH were significantly lower in group 2 
than in group one (all p<0.01) (Table 1). 

Correlation analysis. Relationships among baseline 
laboratory data of all DKA patients were assessed. 
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Table 1 - Baseline characteristics of children with diabetic ketoacidosis.

Parameters Euthyroidism n=30
n (%)

ESS n=40
n (%) P-value Normal range

Gender (male/female)   17/13   21/19   0.729   -
Age (years)∗   7.2±3.6   7.5±3.5   0.733   -
Duration of symptoms (days)†   17.5     (7.0, 90.0) 20.5       (9.3, 41.5)   0.948   -
ICA (+)‡     1                 (3.3)   2                   (5.0)   0.554   -
IAA (+)‡     5               (16.7)   6                 (15.0)   0.739   -
GAD (+)‡     2                 (6.7)   4                 (10.0)   0.389   -
TGAb (+)‡     1                 (3.3)   3                   (7.5)   0.301   -
TPOAb (+)‡     2                 (6.7)   6                 (15.0)   0.129   -
TRAb (+)‡     0                    (0)   1                   (2.5)   0.383   -
C-peptide (ng/mL)†     0.27 (0.06, 0.49)   0.20   (0.09, 0.35)   0.920   1.1-4.4
HbA1c (%)∗ 11.2±2.5 13.7±2.5 <0.001   4-6
Bicarbonate (mmol/L)†   13.2   (11.3, 14.2)   6.6       (3.8, 13.1) <0.001   20-30
AG (mmol/L)†   20.9   (18.3, 22.6) 23.7     (21.5, 26.9)   0.001   12-20
FT3 (pmol/L)∗   4.97±0.86   2.63±0.58 <0.001   3.5-6.5
FT4 (pmol/L)∗ 17.18±3.07 11.38±3.58 <0.001   11.5-22.7
TSH (mIU/L)∗   2.56±1.00   1.77±1.19   0.004 0.35-5.5

∗Normally distributed data description: Mean±SD, †Skewed distributed data: median (25th, 75th percentile), 
‡Categorical data: counts (percentages). (+) - positive, ESS - euthyroid sick syndrome, ICA - autoantibodies to islet cells, 

IAA - autoantibodies to insulin, GAD - autoantibodies to glutamic acid decarboxylase, TGAb - anti-thyroglobulin antibody, 
TPOAb - anti-thyroid peroxidase antibody, TRAb - anti-TSH receptor antibody, HbA1c - glycosylated hemoglobin, 

AG - anion gap, FT3 - free triiodothyronine, FT4 - free thyroxine, TSH - thyrotropin
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Free triiodothyronine (r=-0.593, p<0.001) and FT4 
(r=-0.402, p=0.001) levels were negatively correlated 
with the HbA1c level (Figure 1), and FT3 (r=-0.438, 
p<0.001) and FT4 (r=-0.505, p<0.001) negatively 
correlated with the AG level. Free triiodothyronine 
(r=0.503, p<0.001) and FT4 (r=0.448, p<0.001) levels 
were positively related to the bicarbonate level.

Laboratory parameters after treatment. 
After treatment, in group 2, the mean level of 
C-peptide increased significantly from a baseline 

value of 0.2 (0.09, 0.35) (median [25th, 75th 
percentile]) to 0.31 (0.11, 0.47) ng/mL (p=0.003), 
bicarbonate increased significantly from 6.6 (3.8, 13.1) 
to 22.1 (20.8, 23.7) mmol/L (p<0.001), FT3 (2.63±0.58 
to 4.77±1.15 pmol/L, p<0.001), and FT4 (11.38±3.58 
to 15.57±2.92 pmol/L, p<0.001) also significantly 
increased. Thyrotropin increased from 1.77±1.19 
to 2.17±0.91 mIU/L (p=0.052), AG significantly 
decreased from 23.7 (21.5, 26.9) to 16.5 (15.0, 17.8) 
mmol/L (p<0.001). In group one, the mean level 
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Figure 2 - Changes in daily blood glucose and fasting blood glucose levels in children with diabetic ketoacidosis during 7 days of 
insulin treatment. A) daily blood glucose levels during 7 days of treatment, and B) fasting blood glucose levels during 7 
days of treatment. ESS - euthyroid sick syndrome. 

Figure 1 - Baseline correlations of glycosylated hemoglobin (HbA1c) with free triiodothyronine (FT3) levels A) and free thyroxine 
(FT4) levels B) in children with diabetic ketoacidosis. ESS - euthyroid sick syndrome
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of C-peptide increased significantly from a baseline 
value of 0.27 (0.06, 0.49) to 0.37 (0.11, 0.48) ng/mL 
(p=0.026), bicarbonate increased significantly from 
13.2 (11.3, 14.2) to 22.2 (21.0, 24.8) mmol/L (p<0.001), 
AG significantly decreased from 20.9 (18.3, 22.6) to 
15.9 (14.6, 17.9) mmol/L (p<0.001). There was no 
significant difference in the C-peptide (p=0.665), 
bicarbonate (p=0.585), and AG (p=0.399) levels 
between group one and group 2.

Changes in the mean daily BG and fasting blood 
glucose (FBG) levels during the 7 days of treatment 
are shown in Figure 2. The mean daily BG and FBG 
levels were significantly higher in group 2 (p<0.001) 
than in group one (p=0.027). The mean daily BG levels 
and FBG levels of all patients gradually decreased from 
admission to the end of the study. The mean total daily 
insulin dose in group one (1.13 [0.97, 1.28] IU/kg) and 
group 2 (1.08 [0.96, 1.26] IU/kg) showed no significant 
difference (p=0.674). 

Discussion. Type 1 diabetes mellitus is an 
autoimmune disease. It is associated with the 
autoimmune thyroid disorders that can affect thyroid 
hormones.8 Therefore, autoimmune antibodies were 
measured in our study. The presence of ESS is a predictor 
of poor prognosis of acute or chronic illnesses. Previous 
studies have shown that serum T3 and T4 levels are 
associated with the severity of the disease.9,10 However, 
studies on the characteristics of ESS, and its associations 
between free thyroid hormones and other laboratory 
parameters in children with DKA are rare. In this study, 
we found that children with ESS had higher HbA1c 
and AG levels and lower bicarbonate levels compared 
with children without ESS at the onset of DKA. Serum 
FT3 and FT4 levels were closely correlated with these 
changes. Moreover, children with ESS had higher daily 
BG levels and FBG levels. 

The underlying mechanism of ESS is still 
unclear. Carbohydrate deprivation exists in DKA. 
Many mechanisms are included:11 downregulated   
hypothalamic-pituitary-thyroid axis, impaired 
intracellular uptake of T4 and T3, decreased conversion 
of T4 to T3 by type 1 deiodinase (D1), increased T4 
to reverse T3 (rT3) by D3, reduced thyroid hormone-
binding proteins, and diminished expression of nuclear 
thyroid hormone receptors, are responsible for ESS. 
In addition, inflammatory cytokines involved in 
autoimmune T1DM are also attributed to the changes 
in central and peripheral thyroid hormone metabolism. 
Hence, there may be low serum levels of T3, FT3, T4, 
FT4, and TSH, and high serum levels of rT3 in DKA 

children with ESS. However, serum rT3 levels may be 
low or elevated in ESS.12 Serum T3 and T4 levels are 
influenced by alterations in concentrations of thyroid 
hormone binding proteins. Therefore, serum FT3 and 
FT4 levels were measured to assess thyroid function in 
our study, and serum rT3 levels were not measured. 

In this study, higher HbA1c, AG, daily BG levels, 
and FBG levels, and lower bicarbonate levels were found 
in DKA children with ESS. Euthyroid sick syndrome 
patients had poor diabetic control. It might be due to 
attenuated basal insulin levels in hypothyroidism,13 
although the difference in serum levels of C-peptide 
between ESS and euthyroidism was not significant 
in our children with insulin-deficient T1DM in the 
acute phase. Free triiodothyronine and FT4 levels 
were positively correlated with bicarbonate levels and 
negatively correlated with HbA1c and AG levels. Our 
results indicate that DKA influences thyroid function 
and free thyroid hormones reflect the severity of the 
DKA. Venous pH could not be measured simultaneously 
with serum bicarbonate in most of our patients. The 
serum bicarbonate accurately predicts venous pH in the 
DKA children.14

Thyroid hormone abnormalities revert to normal 
after appropriate treatment of the underlying disease. 
Whether ESS patients should be treated with thyroid 
hormones remains controversial. Our results imply a 
central defect in the DKA children with ESS by the fact 
that TSH did not elevate in response to low free thyroid 
hormones. Serum FT3 and FT4 levels were associated 
with the severity of the DKA. It might be necessary 
for future large-scale and long-term research on the 
effects of T4 treatment on DKA children with ESS. The 
limitations in our study were limited sample size, one 
single-center study, and short follow-up.

In conclusion, the presence of ESS in the DKA 
children is a predictor for poor diabetic control, free 
thyroid hormones are associated with the severity of 
the DKA. In the future, large, double-blind, placebo-
controlled clinical studies are needed to confirm the 
findings of this study.
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