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Abstract

Background To investigate the prevalence of euthyroid sick syndrome (ESS) and to evaluate the outcomes and risk
factors associated with ESS among hospitalized patients with diabetic ketosis (DK) or diabetic ketoacidosis (DKA).

Methods Laboratory and clinical data of 396 adult hospitalized DK/DKA patients with or without ESS were collected
and analyzed. Spearman linear analysis and multivariable logistic regression analyses were used to evaluate correlated
factors of thyroid hormones and risk factors of ESS.

Results Most of the individuals were diagnosed with type 2 diabetes (359/396, 90.7%). The prevalence of ESS

was 57.8% (229/396). Patients in ESS group were older and had a longer course of diabetes. Levels of thyroid hor-
mones, serum lipids, and parameters reflecting acidosis were significantly decreased in ESS group. The proportion
of patients with infection, acute renal injury and DKA was significantly higher in ESS group than in control group,
accompanied by longer hospitalization stay and higher hospitalization costs. Free triiodothyronine positively cor-
relates with albumin, eGFR, parameters reflecting acidosis and lipid profiles (All P<0.001), and negatively correlates
with age, onset age, 24-h urine albumin, hsCRP and WBC count (All P<0.001). Hypoalbuminemia, low level of car-
bon dioxide combining power, high level of HoA1c and WBC, and co-infection are shown to be risk factors for ESS
(OR=0.866,0.933,1.112, 1.146, 1.929, respectively; All P<0.05).

Conclusions The prevalence of ESS was high in adult DK/DKA patients. Patients with ESS had inferior clinical
and socioeconomic outcomes. Early recognition and management of patients with ESS may be necessary to improve
outcome.,
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Background

Over the past decades, the prevalence of diabetes mel-
litus (DM) is increasing with the global booming of
obesity and metabolic syndrome. According to recent
estimates, about 536.6 million adults (10.5% of the pop-
"Xiao-yi Deng and Min Yi contributed equally to this work. ulation) suffered from diabetes globally in 2021 and the
*Correspondence: number was expected to rise to 783.2 million (12.2% of
Xiao-dan Zhang the population) in 2045 [1]. Impaired insulin secretion
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accelerated process of beta oxidation which can produce
ketone bodies [2] and thus cause diabetic ketosis (DK) or
diabetic ketoacidosis (DKA). Characterized as an acute
complication of diabetes, DKA usually occurs in young
patients with type 1 DM (T1DM) and used to be fatal in
pre-insulin era. With the advancement in diagnosis and
treatment, DKA is now a treatable condition. The mortal-
ity of DKA has declined dramatically these years, espe-
cially in the developed countries [3]. However, previous
studies depicted that the morbidity and mortality of DKA
remains high in developing countries [4]. Of note, almost
one-fourth of DKA was found to be the first behaving of
diabetes in older patients with type 2 DM (T2DM) [5]. A
large proportion of Chinese population is still in high risk
of DKA [6], which is in line with our clinical experiences.
Despite of the extensively improved cure rate, DKA
remains to be a significant cause of mortality in patients,
especially in children and young adults. Also, DKA poses
heavy burdens on health-care system. DKA is responsible
for over 500,000 hospital days per year and the treatment
of DKA accounts for an estimated total cost of $2.4 bil-
lion annually [2].

Euthyroid sick syndrome (ESS), also named non-thy-
roidal illness syndrome (NTIS) or low T3 syndrome,
is characterized mainly by a reduced level of serum
triiodothyronine (T3), normal or decreased level of
serum thyroxine (T4) and thyroid stimulating hor-
mone (TSH), and elevated reverse triiodothyronine
(r'T3) levels [7]. ESS has been reported in patients with
acute and chronic illnesses such as acute myocardial
infarction, trauma, postoperative and acute infection,
as well as in critically ill patients [8, 9]. The scale of
the decrease in serum concentration of thyroid hor-
mones is indicated to reflect the severity of the dis-
order and as a result, is associated with prognosis [9].
Previously, some researchers have pointed out that the
reduction of serum FT3 is positively associated with
the severity of DKA in children with T1DM [10, 11].
However, fewer studies investigated the thyroid status
and the associated verified outcomes in older patients
and in patients with T2DM during DK/DKA, while
these patients constitute the majority in our clinical
practice. Therefore, we aimed to investigate the prev-
alence of ESS and to evaluate the outcomes and risk
factors associated with ESS among adult patients with
DK/DKA, not only in patients with T1IDM, but also in
those with T2DM.

Methods

Study population and design

Hospitalized patients with DK/DKA were enrolled
retrospectively from the Department of Endocrinol-
ogy of The Second Affiliated Hospital of Guangzhou
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Medical University, from January 2017 to January
2020. The study followed the Declaration of Helsinki
and was approved by the Ethics Committee of The
Second Affiliated Hospital of Guangzhou Medical
University (Approval number 2021-hg-ks-10). Writ-
ten informed consent was waived due to the retrospec-
tive nature of the study. All patients were admitted to
the ward due to uncontrolled hyperglycemia compli-
cated with DK/DKA. The diagnosis of diabetes was
based on the World Health Organization (WHO) cri-
teria [12]. DK was diagnosed in diabetic patients with
blood ketone body >3 mmol/L or positive urine ketone
body, blood glucose>11 mmol/L, and bicarbonate
ion (HCO37)>15 mmol/L or arterial power of hydro-
gen (pH) >7.3 [2]. The diagnosis of DKA was made if
serum HCO;™ level was under 15 mmol/L and/or arte-
rial pH level was under 7.3, and blood glucose was
ranged from 16.7 to 33.3 mmol/L [2, 13]. We did not
include euglycaemic ketosis or euglycaemic ketoaci-
dosis in the study. Patients were excluded if they met
one of the following exclusion criteria: (1) diagnosed
with primary thyroid disease, including thyroid can-
cer, hyperthyroidism, and hypothyroidism; (2) severe
hepatic dysfunction or chronic kidney dysfunction; (3)
with history of malignant tumor; (4) with history of
pituitary disease; (5) pregnancy.

Measurement and data collection

Demographic characteristics including gender, age,
onset age, duration of diabetes, previous antidiabetic
medications, smoking history, and family history of
diabetes were collected through the review of medical
records. Body mass index (BMI) was calculated as the
body weight (kg) divided by body square height (m).
Blood pressure was measured in the sitting position
on the right arm in line with the heart after taking a
10-min break and was recorded as an average of three
times. We also collected information about the dura-
tion and cost of hospitalization of the patients. Venous
blood samples were collected in the morning after an
overnight fast at the second day of admission. Arterial
blood sampling was performed by experienced nurses.
Thyroid function tests including serum free triiodothy-
ronine (FT3), free thyroxine (FT4), thyroid stimulating
hormone (TSH), and thyroid antibodies were routinely
measured, using electrochemiluminescence immuno-
assays. Normal ranges of thyroid hormones were as
follows: TSH 0.27-4.2 mIU/L, FT3 3.10-6.80 pmol/L,
and FT4 12.00-22.00 pmol/L. Patients with the serum
FT3 less than 3.1 pmol/L, combined with or with-
out a reduction of FT4 or TSH, were included in the
ESS group [14, 15]. Serum analysis including fasting
plasma glucose, HbAlc, fasting C-peptide, arterial
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gas test, blood routine test, electrolytes, hepatic and
renal function, and lipid profiles were accomplished
by routine laboratory methods at the Department of
Clinical Laboratory. The estimated glomerular filtra-
tion rate (eGFR) was calculated according to Modifi-
cation of Diet in Renal Disease equation: eGFR (mL/
min/1.73 m?) =186 x (SCr/88.4)"115* x (age) 29 x (0.742
if female) [16]. Urine samples of 24 h were collected to
measure urine albumin levels by the biuret method.
The diagnostic criteria of acute kidney injury (AKI) is
a sudden increase in serum creatinine concentration
by>50% within 7 days or>0.3 mg/dL (26.5 pmol/L)
within 48 h, or urine volume<0.5 ml/kg/h for>6 h
[17]. Infections (pneumonia, urinary tract infection,
gastrointestinal tract infection, etc.) were diagnosed
according to the clinical manifestations, laboratory and
imaging examinations.

Statistical analyses

All statistical analyses were performed using IBM SPSS
software version 25.0 (IBM Corp., Armonk, New York,
USA). Normally distributed data were presented as
mean +standard deviation (SD) and non-normally dis-
tributed data were presented as median (interquartile
range). Categorical data were expressed as number (%).
Independent sample two-tail t-test was applied for the
comparisons of numeric variables with normality while
the Mann—Whitney U-test was applied for the compari-
sons of non-normally variables. Chi-squared test was
used for comparisons of categorical variables. Spearman
correlation tests were conducted to evaluate associations
between FT3, FT4 and other variables. Multiple logistic
regression analysis was performed to identify the risk fac-
tors for ESS in DK/DKA patients. A two-tail P value <0.05
was regarded as statistically significant.

DK/DKA
(n = 448)
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Results

Baseline demographic and clinical characteristics

of participants with and without ESS

Figure 1 shows the flowchart of subject selection. The
study enrolled 396 patients with DK/DKA, includ-
ing 216 males and 180 females, with a mean age of
57.5+18.3 years. Table 1 displays the demographic and
clinical characteristics of the patients. Patients with
T2DM constituted the majority (359/396, 90.7%). No
significant difference was observed in the incidence of
ESS between T1DM and T2DM. Of the 396 patients,
57.8% (n=229) were found to be complicated with ESS
(165 with DK, 64 with DKA). Compared with subjects
without ESS, individuals with ESS were older and had a
longer course of diabetes. The levels of white blood cell
count (WBC), neutrophil absolute value, neutrophil/lym-
phocyte (N/L) ratio, high sensitivity C-reactive protein
(hsCRP) and creatinine were significantly higher in the
ESS group than in the euthyroid group, whereas eGFR,
pressure of carbon dioxide (PaCO,), HCO;~, carbon
dioxide combining power (CO,CP), FT3, FT4, FT3/FT4
ratio, total cholesterol (TC), low-density lipoprotein cho-
lesterol (LDL-C) and high-density lipoprotein cholesterol
(HDL-C) levels were significantly lower in ESS group
than in euthyroid group.

Clinical and socioeconomic outcomes of DK/DKA patients
in ESS group and without ESS group

Considering the possible negative impact of ESS, we
compared clinical and socioeconomic outcomes in the
two groups. As shown in Table 2, the duration of hospital
stay (9 (7, 11) day vs. 8 (7, 10) day, P=0.018) and hos-
pitalization costs (11,833 (9598, 15,974) yuan vs. 10,272
(8456, 11,718) yuan, P<0.001) were significantly higher
in individuals with ESS than in euthyroid individuals.

Exclusion criteria:
(1)WIlth primary thyroid disease (n =27)
(2) Severe hepatic dysfunction or chronic kidney

A 4

dysfunction (n = 19)

(3) With history of malignant tumor (n = 4)
(4) With history of pituitary disease( n = 2)
(5) Pregnancy (n=0)

Subjects enrolled in this study
(n =396)

!

Without ESS
(n=167)

ESS
(n = 229)

Fig. 1 Flowchart of subject inclusion
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Table 1 Baseline demographic and clinical characteristics of participants with and without euthyroid sick syndrome
Variables Overall (n=396) Without ESS (n=167) ESS (n=229) P-value
Gender, male/n (%) 216/396 (54.5) 100/167 (59.9) 116/229 (50.7) 0.069
Age (year) 575+183 533+17.7 60.5+18.1 <0.001
Onset age (year) 51.0(39.0,61.0) 49.0 (36.0, 59.0) 54 (44.0,64.0) 0.003
Smoking history, n (%) 83 (20.5) 37(22.3) 44(19.2) 0455
Family history of diabetes, n (%) 77 (19.5) 32(19.2) 45(19.7) 0.887
Type 1/Type 2 DM 37/359 19/148 18/211 0.235
DK/DKA, n 302/94 137/30 165/64 0.021
Diabetic duration (year) 5.0(0,10.0) 2.0(0,10.0) 6.0 (0, 10.0) 0.004
Previous antidiabetic medications, n (%) 280 (70.7) 110 (65.9) 170 (74.2) 0.080

None 116 (29.3) 57 (34.1) 59 (25.8)

Oral agents or GLP-1RA 129 (32.6) 43 (25.7) 86 (37.6)

Insulin alone 84 (21.2) 37(22.2) 47.0 (20.5)

Both oral agents and insulin 67 (16.9) 30 (18.0) 37 (544)
BMI (kg/mz) 234443 239440 229445 0.064
SBP (mmHg) 135.0(119.0,151.0) 136.0 (124.0,151.0) 134.0(116.0,152.0) 0.095
DBP (mmHg) 83.8+43.0 90.0+64.0 760+13.6 0.021
CO,CP (mmol/L) 219+64 233+48 209+7.1 <0.001
pH 74+02 74+0.1 74+03 0.204
PaCO, (mmHg) 33.7+80 359457 32.14£90 <0.001
HCO;™ (mmol/L) 21.0+59 226+£3.1 199470 <0.001
K* (mmol/L) 43+6.5 39+06 46+8.5 0.291
Na* (mmol/L) 138.1+61.7 141.8+95.6 1353+ 14.1 0.303
Ca?* (mmol/L) 22+08 22+0.1 22+10 0.360
HbA1c (%) 12.2(10.10, 13.80) 12.0(10.0,13.7) 124(10.2,13.8) 0.168
FPG (mmol/L) 11.5+68 117171 11.3+65 0.586
Fasting C-Peptide (ug/L) 1.6+1.7 16+14 16+19 0.120
hsCRP (mg/L) 42(1.2,317) 1.6 (0.8,4.6) 12.1(2.1,60.3) <0.001
WBC (x 10%/L) 8.6 (6.6,12.5) 7.1(6.0,8.38) 10.7(7.9,15.2) <0.001
Neutrophil (x10%/L) 6.2 (4.2,10.3) 44 (34,6.2) 8.15(5.3,12.2) <0.001
Lymphocyte (x 10%/L) 1.6(1.1,2.7) 1.72(1.30, 2.20) 1.48(0.99, 1.97) <0.001
N/L ratio 40(23,7.7) 2.7 (1.79,4.04) 56(347,10.13) <0.001
Albumin (g/L) 353(31.6,384) 37.6(35.1,40.0) 33.5(289,36.2) <0.001
AST (IU/L) 28+63 29+68 28+58 0.878
ALT (IU/L) 29+59 33+70 25+49 0.195
Triglyceride (mmol/L) 23+36 27+44 20427 0.056
Total cholesterol (mmol/L) 47117 50+£16 45+17 0.008
LDL-C (mmol/L) 30+12 32+13 29+12 0.030
HDL-C (mmol/L) 1.0+04 1.1£03 1.0£04 0.027
Uric acid (umol/L) 350+ 140 337+111 340+158 0.115
Creatinine (umol/L) 78.2(69.9,106.0) 75.1(59.0,96.0) 81.4(62.3,117.0) 0.039
eGFR (mL/min/1.73 m?) 83.3(58.9,104.9) 89.1 (64.3,109.2) 79.3(55.4,102.6) 0.001
24-h urine albumin (mg) 56.9+107.5 4547+1163 676+101.8 0.083
FT3 (pmol/L) 29+09 3.8+06 23+05 <0.001
FT4 (pmol/L) 148+6.0 16.1+3.3 139472 <0.001
FT3/FT4 ratio 0.20 (0.16,0.24) 0.24(0.20,0.26) 0.17 (0.15,0.20) <0.001
TSH (ulU/mL) 15+20 14+08 16126 0423
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Table 1 (continued)

Variables Overall (n=396) Without ESS (n=167) ESS (n=229) P-value
TgAb (IU/mL) 10.0 (1.24,10.00) 10.0(1.17,10.00) 8.6(1.27,10) 0.714
TPOADb (IU/mL) 5.8(0.25,14.31) 8.0(0.25,13.89) 2.7(0.24,1462) 0.892
Positive thyroid autoantibodies, n (%) 32(9.6) 7(5.3) 25(124) 0.032

Continuous variables with normal distribution were presented as mean + standard deviation and non-normal distributed variables were presented as median
(interquartile range). Categorical variables were presented as n (%). Independent sample two-tail t-test was applied for the comparisons of numeric variables with
normality while Mann-Whitney U-test was applied for the comparisons of non-normally variables. Chi-squared test was used for comparisons of categorical variables

n number, DM diabetes mellitus, DK diabetic ketosis, DKA diabetic ketoacidosis, GLP-1RA glucagon-like peptide-1 receptor agonist, BMI body mass index, SBP

systolic blood pressure, DBP diastolic blood pressure, CO2CP carbon dioxide combining power, pH power of hydrogen, PaCO2 pressure of carbon dioxide, HCO3-
bicarbonate ion, HbATc glycated hemoglobin, FPG fasting plasma glucose, hs-CRP high sensitivity C-reactive protein, WBC White blood cell count, N/L ratio Neutrophil
/ Lymphocyte ratio, AST aspartate aminotransferase, ALT alanine transaminase, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol,
eGFR estimated glomerular filtration rate, FT3 free triiodothyronine, FT4 free thyroxine, TSH thyroid stimulating hormone, TgAb anti-thyroglobulin antibodies, TPOAb

thyroid peroxidase antibody

Table 2 Clinical features of DK/DKA patients in different groups

Variables Without ESS

Hospitalization costs (yuan) 10,272 (8456, 11,718)

Hospital stay (day) 8(7,10)
Co-infection, n (%) 45 (27.4)
Acute kidney injury, n (%) 19(11.6)
Diabetic ketoacidosis, n (%) 30(18.0)

ESS P
11,833 (9598, 15,974) <0.001
9(7,11) 0.018
150 (67.0) <0.001
49 (21.7) 0.009
64 (27.9) 0.021

Hospitalization costs and hospital stay were expressed as median (interquartile range). Acute kidney injury and diabetic ketoacidosis were presented as n (%). Mann-
Whitney U-test was applied for the comparisons of non-normally variables. Chi-squared test was used for comparisons of categorical variables

Importantly, the occurrence of comorbidities including
co-infection, the prevalence of AKI and DKA was also
significantly higher in the ESS group (P<0.001, P=0.009,
P=0.021, respectively).

Analysis of correlated factors of thyroid hormones

The relationships between FT3, FT4 levels and clini-
cal factors were presented in Table 3. Both FT3 and FT4
positively correlated with levels of BMI, serum albumin,
pH, PaCO,, CO,CP, and HCO;~, and negatively corre-
lated with WBC, neutrophils, and N/L ratio (All P<0.05).
FT3 was also positively related to eGFR, lymphocyte,
TC, LDL-C, and HDL-C, and was negatively related to
age, onset age, diabetes duration, HbAlc, creatinine,
24-h urine albumin, and hsCRP (All P<0.05). But FT4
correlated with none of these parameters. The asso-
ciations between FT3 and represented factors including
CO,CP, albumin, WBC, and HbA1c were shown in Fig. 2
(r=0.236, 0.480, -0.502, -0.119, respectively; All P<0.05).

Risk factors for ESS patients with DK/DKA

After adjusting various confounding factors, multi-
ple logistic regression presented associated factors of
ESS including HbAlc (OR=1.112, P=0.040, 95%CI
1.005~1.231), CO,CP (OR=0.933, P=0.007, 95%CI
0.888~0.981), albumin (OR=0.866, P<0.001, 95%CI

0.814~0.921), WBC (OR=1.146, P=0.002, 95%CI
1.052~1.248), and co-infection (OR=1.929, P=0.031,
95%CI 1.063 ~3.500) (Table 4). Patients with severe aci-
dosis, hypoalbuminemia, high WBC count and co-infec-
tion were more likely to present ESS.

Discussion

As expected, the present study revealed a high prevalence
of ESS in hospitalized patients with DK/DKA. Different
from previous studies which mainly focused on young
patients with T1DM [10, 11, 18], most of the patients
were middle-aged and elderly patients with T2DM in this
research. Moreover, patients with ESS were older in age
and had a longer course of diabetes. But the prevalence of
ESS in our study was comparable to the ones in previous
reports.

ESS is considered to be an independent risk factor for
the severity of illness and its prognosis [9, 19-21]. Pre-
vious studies have shown that the reduction of FT3 and
FT4 predicted the severity of illness and hospital mortal-
ity rates of patients [22]. The changes of thyroid hormone
levels in ESS are not associated with primary thyroid
disease [19-21, 23]. The reduction of FT3 is an adap-
tive response to stress during the acute phase response
in critical illness [24, 25] and the serum level of FT3
could return to normal with treatment and recovery of
illness [26]. Shao et al. found that the ESS patients with
DKA in children had lower serum FT3, FT4 and TSH,
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Table 3 Correlating factors of FT3 and FT4 in DK/DKA patients

Variables FT3 FT4
Correlation P Correlation P
coefficient coefficient

Age -0.201 <0.001  -0.051 0311
Onset age -0.176 <0.001  -0.049 0332
Diabetes duration -0.107 0.036 0.000 0.998
BMI 0.155 0.016 0.149 0.020
HbA1c -0.117 0.024 -0.008 0.881
Albumin 0477 <0.001 0.188 <0.001
Creatinine -0.108 0.033 0.003 0.948
eGFR 0.180 <0.001 0.025 0.627
24-h urine albumin ~ -0.215 <0.001 -0.053 0.367
pH 0172 0.004 0.147 0.015
PaCoO, 0.309 <0.001 0.166 0.009
Co,CP 0.235 <0.001 0.170 0.001
HCO;™ 0.285 <0.001 0178 0.004
hsCRP -0.440 <0.001  -0.054 0.406
WBC -0.504 <0.001 -0.200 <0.001
Neutrophil -0.542 <0.001 -0.215 <0.001
Lymphocyte 0.234 <0.001 0.094 0.063
N/L ratio -0.522 <0.001 -0.226 <0.001
Triglyceride 0.045 0372 -0.031 0.542
Total cholesterol 0.197 <0001 0.049 0334
LDL-C 0.155 0.002 0.030 0.556
HDL-C 0232 <0.001 0.155 0.002

Spearman correlation tests was applied for evaluating associations between FT3,
FT4 and other variables

FT3 Free triiodothyronine, FT4 Free thyroxine, BMI Body mass index, HbATc
Glycated hemoglobin, pH Power of hydrogen, PaCO, Pressure of carbon dioxide,
CO,CP Carbon dioxide combining power, HCO,™ Bicarbonate ion, hs-CRP High
sensitivity C-reactive protein, WBC White blood cell count, N/L ratio Neutrophil/
Lymphocyte ratio, LDL-C Low-density lipoprotein cholesterol, HDL-C High-
density lipoprotein cholesterol

accompanied with worse glucose control [11]. Previous
studies demonstrated high prevalence of thyroid dys-
function in DKA patients [22, 27]. These findings were
in accordance with our study. In the present research,
patients with ESS had lower levels of serum FT3 and
FT4, and higher levels of HbAlc. As for the hospitalized
outcomes, all the patients got recovered from DK/DKA
and thus the mortality rate was 0% in the study. However,
much heavier socioeconomic burdens were indicated in
the ESS group by a longer hospital stay and higher hos-
pitalization costs. Also, the occurrence of comorbidities
including AKI and co-infection were significantly higher
in patients with ESS.

The changes in thyroid function can affect renal func-
tion directly, as well as make indirect alterations by
affecting systemic hemodynamics, metabolism, and car-
diac function [28, 29]. The relationships between thy-
roid hormones and renal function have been broadly
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recognized these years. But most of the evidences came
from patients with chronic renal impairment [28-31].
Previously, a study reported a high prevalence of ESS
(about 70%) in patients with AKI [29]. As known, DK/
DKA is a direct imposing factor for AKI. Other stud-
ies also documented the high prevalence of AKI in DK/
DKA [32, 33]. But few researches explored the the cor-
relation between ESS and AKI in DK/DKA. In our study,
we found a higher occurrence of AKI in patients with
ESS compared with euthyroid patients. Serum creatinine,
eGFR and 24-h urine albumin was significantly associ-
ated with serum FT3 level. However, due to the compli-
cated systemic alterations (hemodynamics, metabolism,
etc.), the cause-and-effect relationship between changes
of thyroid hormones and kidney function in acute dis-
eases has not been well-established based on current
evidences. Further studies are needed to elucidate the
associations.

In the present study, we assessed parameters reflect-
ing the extent of acidosis, including pH, PaCO,, HCO3~
and CO,CP, to evaluate the association between acidosis
and the levels of thyroid hormones. We noticed that DK/
DKA patients with ESS have higher levels of acidosis.
The values of pH and CO,CP were positively associated
with both FT3 and FT4 levels. And the prevalence of ESS
increased with higher degree of acidosis. Previous studies
described similar changes of thyroid hormones in DKA
patients [10, 26]. Rashidi et al. pointed out that the lower
level of pH in DKA patients, the lower level FT3 [26]. The
metabolic acidosis may play important role in the forma-
tion of ESS by affecting the thyroid hormone metabo-
lism [34]. Also, CO,CP was manifested as a significant
independent risk factor for ESS in DK/DKA patients in
our study. Together, these results indicated a connection
between acidosis state and the alterations in thyroid hor-
mones in DK/DKA patients.

Serum albumin was suggested to strongly positively
correlate with thyroid hormone (FT3 and FT4) lev-
els in DK/DKA patients in the present study. Albumin
is known as a major plasma protein. T3 levels decline
in the early stage of ESS, and the decrease of T4 to T3
conversion is related to the reduction in albumin levels
[35]. Low albumin level is widely used as a predictor of
malnutrition. According to previous researches, malnu-
trition may be one of the factors affecting thyroid hor-
mones [36, 37]. But in our study, most of the patients
were in fine nutritional status. In fact, serum albumin
levels may also be influenced by various factors such as
liver diseases and changes of intravascular volume [38].
They may decrease as a result of inflammation due to
acute or chronic diseases [39]. Therefore, serum albumin
has been validated as a measurement of disease severity
in the Acute Physiology and Chronic Health Evaluation
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Fig. 2 Correlations between FT3 and albumin (a), CO,CP (b), WBC (c), HbATc (d). Within patients, there were significantly correlations between FT3
and albumin, CO,CP, WBC, HbA¢, respectively (r=0.477,0.235,-0.504,-0.117, P< 0.05). Abbreviations: HbA1c, glycated hemoglobin; WBC, white

blood cell count; FT3, free triiodothyronine

Table 4 Risk factors of euthyroid sick syndrome in DK/DKA patients

Variables B S.E Wald P OR 95%Cl for EXP(B)
Lower Upper

Age 0.014 0.009 1911 0.074 1.014 0.994 1.033
HbA1c 0.106 0.052 4.236 0.040 1.112 1.005 1.231
eGFR -0.003 0.004 0.534 0.465 0.997 0.989 1.005
Co,CP -0.069 0.025 7.406 0.007 0.933 0.888 0.981
Albumin -0.144 0.032 20.659 <0.001 0.866 0.814 0.921
WBC 0.136 0.044 9.691 0.002 1.146 1.052 1.248
Co-infection 0.657 0.304 4.666 0.031 1.929 1.063 3.500
HDL-C 0.039 0411 0.009 0.924 1.040 0465 2326

The risk factors for ESS in DK/DKA patients were analyzed using multiple logistic regression estimation

HbA1c Glycated hemoglobin, CO,CP Carbon dioxide combining power, WBC White blood cell count

scoring system [40]. The degradation of albumin level
was shown to be an independent predictor of ICU mor-
tality in previous studies [37]. Hypoalbuminemia was
also found to be associated with ESS in various kinds of
diseases (rheumatoid arthritis [41], COVID-19 infection

[42], acute pancreatitis [43], etc.). Serum albumin lev-
els were shown to be reduced in ESS pediatric patients
with DK/DKA [27]. Besides the aforementioned influ-
encing factors, the deficiency of insulin can also cause a
drop in albumin in DK/DKA, since albumin synthesis in
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hepatocytes depends on sufficient insulin secretion [11,
44]. In the present research, albumin deficiency was also
indicated to be an independent risk factor for ESS, and its
reduction might present a worse prognosis in DK/DKA
patients.

Inflammation is considered as one of the precipitating
factors for many pathological circumstances including
DK/DKA [45, 46]. It has been reported that DKA cor-
related with active systemic inflammatory response and
oxidative stress [47, 48]. Elevations in nonspecific inflam-
matory cytokines were found to correlate strongly and
positively with DK/DKA [49-51]. Previous studies also
pointed out that serum levels of thyroid hormones were
negatively associated with the serum concentrations of
inflammatory cytokines [52]. In the present study, inflam-
matory indicators, including WBC, neutrophils, hsCRP
and N/L ratio, were significantly higher in individuals with
ESS, and were negatively associated with FT3. Moreover,
elevated WBC and co-infection were risk factors for ESS
in DK/DKA. Previous studies have also proposed other
factors associated with ESS, including uric acid, serum
lipids and other metabolic indicators [53—55]. But in this
study, we did not have similar findings.

This study has several limitations. First, it was sin-
gle-center research with a relatively small number of
patients. Second, the cause-and-effect relationship could
not be built due to the retrospective nature of the study.
Third, follow-up was not done to evaluate the dynamic
change of thyroid hormones in ESS patients after recov-
ering of DK/DKA. Therefore, the results need to be cau-
tiously interpreted.

Conclusion

This study demonstrated a high prevalence of ESS in
adult DK/DKA patients with elder ages, most of whom
were with T2DM. Patients with ESS had inferior clinical
and socioeconomic outcomes. Low albumin levels, high
WBC counts, poor glycemic control, co-infection, and
higher levels of acidosis were risk factors of ESS in DK/
DKA patients. Diabetic education, early detection and
treatment of DK/DKA is necessary not only for patients
with T1DM, but also for patients with T2DM. Early
interventions for patients with the identified risk fac-
tors for ESS might be helpful to improve hospitalization
outcomes.
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