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Abstract Thyroid hormone (TH) abnormalities are com-

mon in patients with diabetes mellitus (DM). These thyroid

hormone abnormalities have been associated with inflam-

matory activity in several conditions but this link remains

unclear in DM. We assessed the influence of subclinical

inflammation in TH metabolism in euthyroid diabetic

patients. Cross-sectional study involving 258 subjects divi-

ded in 4 groups: 70 patients with T2DM and 55 patients with

T1DM and two control groups of 70 and 63 non-diabetic

individuals, respectively. Groups were paired by age, sex,

and body mass index (BMI). We evaluated the association

between clinical and hormonal variables [thyrotropin,

reverse T3 (rT3), total and free thyroxine (T4), and tri-

iodothyronine (T3)] with the inflammation markers C-reac-

tive protein (hs-CRP), serum amyloid A (SAA), and

interleukin-6 (IL-6). Serum T3 and free T3 were lower in

patients with diabetes (all P\ 0.001) compared to the

control groups. Interleukin-6 showed positive correlations

with rT3 in both groups (P\ 0.05). IL-6 was independently

associated to FT3/rT3 (B = -0.193; 95 % CI -0.31;

-0.076; P = 0.002) and FT4/rT3 (B = -0.107; 95 % CI

-0.207; -0.006; P = 0.039) in the T1DM group. In the

T2DM group, SAA (B = 0.18; 95 % CI 0.089; 0.271;

P\ 0.001) and hs-CRP (B = -0.069; 95 % CI -0.132; –

0.007; P = 0.03) predicted FT3 levels. SAA (B = -0.16;

95 % CI -0.26; -0.061; P = 0.002) and IL6 (B = 0.123;

95 % CI 0.005; 0.241; P = 0.041) were related to FT4/FT3.

In DM, differences in TH levels compared to non-diabetic

individuals were related to increased subclinical inflamma-

tory activity and BMI. Altered deiodinase activity was

probably involved. These findings were independent of sex,

age, BMI, and HbA1c levels.

Keywords Diabetes mellitus � Low T3 � Thyroid
hormone metabolism � Inflammation � Non-thyroidal illness

Introduction

The non-thyroidal illness syndrome (NTIS), also known as

the euthyroid sick syndrome or the low T3 syndrome, was

initially described in the 1970s. It represents a state of

alterations in thyroid hormone (TH) economy that, by

definition, are not related to intrinsic diseases of the

hypothalamus-pituitary-thyroid axis but rather represent

imbalances in thyroid hormone production, metabolism,

and action [1].

Serum thyroid hormone (TH) abnormalities are common

in patients with Diabetes Mellitus (DM), especially in those

with type 1 DM (T1DM) because of the possible coexis-

tence of thyroid and pancreatic autoimmunity [2, 3]. In

T1DM, thyrotropin levels were related to differences in

lipid profile, even in the euthyroid range, but this associ-

ation was dependent on insulin resistance [4]. Subclinical

thyroid dysfunction is common among patients with type 2

diabetes and although hypothyroidism is seen more often,
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there have been reports of increased prevalence of sub-

clinical hyperthyroidism in this setting, especially in older

patients with goiter [5]. In addition, patients with obesity,

metabolic syndrome, and type 2 diabetes (T2DM) also

show differences in serum TH when compared to lean and

healthy individuals [6–8]. Therefore, recognizing NTIS is

important to avoid misdiagnosis with primary thyroid

dysfunctions that would otherwise indicate treatments that

have not been proven beneficial in patients with low T3

secondary to systemic illnesses [9] and also to be aware of

the possibility that interplay between diabetes mellitus and

thyroid axis could explain the abnormalities found in these

patients.

In cases with poor metabolic control, a state of low

serum triiodothyronine (T3) concentration has been

described for more than three decades in patients with both

types of diabetes [10, 11]. These patients are often evalu-

ated in the setting of acute metabolic decompensation or in

the presence of diabetic ketoacidosis [11]. Similar changes

in TH have been shown in other chronic conditions such as

heart failure [12], chronic obstructive pulmonary disease

[13], liver and kidney failure [14, 15], among others. In

these situations, the low T3 syndrome is associated to an

increased inflammatory activity and becomes more evident

during acute exacerbations, returning to baseline values

upon recovery [10, 13]. Moreover, they are intimately

connected to prognosis [12, 16]. In intensive care units,

clearly identifiable alterations can be found in serum TH

levels, which have been linked to the amplified inflam-

matory activity characteristic of acutely infirm patients [17,

18]. Our group has previously found an association of

C-reactive protein (CRP) and reverse T3 in patients with

T2DM [19], while differences in rT3 levels were apparent

only in those with previous cardiovascular events, who also

showed a more pronounced subclinical inflammatory pat-

tern [20].

Despite DM being increasingly characterized as an

inflammatory disease in recent years, TH abnormalities

remain related only to poor glycemic control [8, 10, 11].

Moreover, the pathophysiology of these abnormalities

remains not well understood and it is not known whether

patients with T1DM and T2DM share the same patho-

physiological processes. Also, cytokines other than CRP

that are closely related to NTIS and DM, such as inter-

leukin-6 (IL-6), have not been extensively studied in

patients with DM, especially T1DM. Thus, our aims were

to (a) show the presence of a low T3 state in patients with

both T1DM and T2DM under outpatient care and no

clinical or laboratorial evidence of thyroid autoimmunity;

and (b) verify the association of TH abnormalities seen in

this state to the subclinical, low-grade systemic inflam-

mation of DM (Fig. 1).

Subjects and methods

This was a cross-sectional study involving 258 individuals,

divided into 4 groups: 70 patients with T2DM, 55 patients

with T1DM, and two groups of 70 and 63 non-diabetic

individuals as control groups for patients with T2DM and

T1DM (T2DMc and T1DMc groups), respectively. Control

groups were paired by age, sex, and body mass index

(BMI). All individuals were aged between 18 and 70 years.

Exclusion criteria were any conditions associated to low T3

states such as acute illnesses, recent caloric restriction (loss

equal or more than 5 % body weight in the previous

3 months), renal (creatinine clearance \60 ml/min/m2

calculated by the Cockroft-Gault formula) or hepatic

(Child-Pugh classification B or C) impairment, heart failure

(class III or IV NYHA), active neoplastic or inflammatory

illnesses and myocardial infarction or stroke occurring less

than 6 months previously to study recruitment. Addition-

ally, patients with any history of thyroid disease, thyroid

nodules, detectable serum anti-thyroid antibodies (anti-

thyroperoxidase or anti-thyroglobulin antibodies) and pre-

scription for medications that could affect thyroid hormone

levels (levothyroxine, anti-thyroid medication, corticos-

teroids, amiodarone, initiation of beta-blockers less than

6 months previous to study recruitment and exposure to

iodine containing contrast agents less than 1 year previous

to study evaluation) were also excluded. All individuals

selected for this study were required to have serum thy-

rotropin (TSH) levels within the normal range. All lived in

an iodine-sufficient area.

Patients were recruited from the Type 1 and Type 2

Diabetes Outpatient Clinics of our Tertiary University

Hospital. Patients were enrolled continuously, respecting

exclusion criteria (Fig. 2). Control subjects were recruited

from the patients’ family members or accompanying per-

sonnel and were from the same socio-economical popula-

tion. Data were collected between July 2012 and April

2014. Blood was drawn during routine appointments at

each clinic, immediately centrifuged and stored at -80 �C
for subsequent analysis.

Diagnosis of diabetes followed ADA criteria [21].

Patients were considered to have type 1 diabetes if 3 or more

of the following characteristics were present at diagnosis:

age \30 years, peptide C at first evaluation \0.1 ng/ml,

detectable serum anti-GAD65 antibodies, presence of

weight loss[5 % of usual body weight, BMI\27, no family

history of diabetes in first degree relatives, or presence of

diabetic ketoacidosis [22].

Clinical data studied consisted of age, sex, time since

diabetes diagnosis (disease duration), current therapy (oral

drugs, insulin alone, or combination therapy), waist

(measured at the midline between the inferior border of
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ribcage and the superior iliac crest) to hip ratio (WHR),

BMI, presence of hypertension (blood pressure [130/

80 mmHg or treatment for this condition), smoking and

presence of microvascular (diabetic nephropathy,

retinopathy, or neuropathy) and macrovascular (angina,

previous myocardial infarction, or stroke) complications.

Diabetic nephropathy was diagnosed on the basis of at least

2 abnormal albumin/creatinine ratio in urine ([30 mg/g);

retinopathy was considered positive on the basis of char-

acteristic findings on fundoscopy, as reported by the

Fig. 1 Schematic for study

hypothesis on the relation of

type 1 (right) and type 2 (left)

diabetes, inflammation and low

T3 (black arrows)

Fig. 2 Flowchart of patient

recruitment. T1DM: type 1

diabetes; T2DM type 2 diabetes,

LT4 levothyroxine, CKD

chronic kidney disease, TPOAb

anti-thyroperoxidase antibodies,

MMI methimazole, CVD recent-

onset cardiovascular disease
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ophthalmology service of the same University Hospital;

neuropathy was considered present if the patient was

incapable of feeling the 10g Semmes–Weinstein monofil-

ament test on 2 or more sites.

Laboratory measurements consisted of TSH, total

(T) and free (F) thyroxine (T4), T3 and reverse T3 (rT3).

Sample size calculations (described below) were done with

results in original mass units. Conversion formulas from SI

to mass units are provided at the bottom of Table 2.

Inflammatory activity was measured by high-sensitivity

C-reactive protein (hs-CRP), IL-6 and serum amyloid A

(SAA). As surrogate measures of deiodinase activity we

calculated the FT3/rT3, FT4/FT3, and FT4/rT3 relations by

simple division of values.

TSH and FT4 were measured by electro-chemilumi-

nescence (Roche Hitachi-Elecsys Cobas, USA –reference

values—RV: TSH 0.45-4.5iu/l; FT4: 11.6–23.2 pmol/l).

Total T4 (RV: 57.9–160.9 nmol/l), TT3 (RV:

1.32–2.87 nmol/l), FT3 (RV: 2.15–6.76 pmol/l) and rT3

(RV: 0.14–0.54 nmol/l) were measured by radioim-

munoassay (Siemens Medical Solution Diagnostics, Los

Angeles, USA). All intra and inter-assay coefficient of

variation were\10 %. Anti-thyroperoxidase and anti-thy-

roglobulin antibodies were measured by electro-chemilu-

minescence (Roche Hitachi-Elecsys Cobas, USA—RV

\34 IU/ml and\115 IU/ml, respectively). High-sensitiv-

ity CRP (Cusabio Biotech Co, Wuhan, China; sensitivity:

the least amount that can be differentiated from zero), IL-6

(R&D Systems Inc Minneapolis, USA; sensitivity

0.016–0.11 pg/ml) and SAA (Uscn Life Science Inc.,

Wuhan, China; sensitivity: the least amount that can be

differentiated from zero) were measured by ELISA. HbA1c

was measured by high performance liquid chromatography

(RV: 4–5.7 %).

The study was approved by the University Ethics in

Research Committee and functioned according to the 3rd

edition of the Guidelines on the Practice of Ethical Com-

mittees in Medical Research issued by the Royal College of

Physicians of London.

Statistical methods

We conducted a pilot study to estimate the minimum

sample size required to have an 80 % probability of

detecting a difference of 10 ng/ml (0.15 nmol/l) in TT3

levels and 0.2 pg/ml (0.3 pmol/l) in FT3 levels. This pilot

study included 10 subjects in each group. The standard

deviations found for TT3 were 5.1, 5.2, 6.2, and 4.6 ng/dl

and for FT3 0.93, 0.88, 0.85, and 0.62 pg/ml in groups

T2DM, T1DM, T2DMc, and T1DMc, respectively. Thus,

we estimated that at least 63 patients with T2DM and 46

patients with T1DM would be required. The control group

numbers were set to match the number of patients with DM

in each group.

Descriptive analysis was made by providing measures of

position and dispersion; median and interquartile range

(IQR) for continuous data and frequencies and percentages

for categorical variables. Normality was assessed by the

Kolmogorov–Smirnov test. Data on TH, their relations and

inflammatory markers as well as HbA1c were not normally

distributed (P\ 0.001 for all), except for FT3 and FT4

(P = 0.2 for both). Non-parametric tests were preferred for

all variables as even FT3 and FT4 had relatively skewed

distributions (P\ 0.3). Comparisons of serum TH levels

and inflammatory markers between groups were done by

Kruskal–Wallis one-way ANOVA with post hoc Bonferroni

corrections for multiple comparisons (P for differences

between groups considered significant only if \0.008).

Comparison of gender frequency between groups was done

by the Chi Square test. Associations between TH, inflam-

matory markers and clinical variables were assessed by the

Spearman correlation coefficient.

To evaluate the influence of inflammatory markers on

TH levels, multivariate linear regression analyses were

conducted with all non-normally distributed variables log-

transformed. The model was adjusted for age, sex, BMI,

WHR and HbA1c. All analyses were checked for colin-

earity by tolerance analysis and values were considered

significant if\0.2.

Results were considered significant if P value was

\0.05. All tests were two-tailed. Calculations were done

with SPSS (IBM Inc) version 20.0.

Results

Characteristics of patients with diabetes

Characteristics of patients with DM are shown in Table 1.

Noteworthy, when comparing patients with DM below and

above median HbA1c of the respective group, we found no

differences in thyroid hormone levels. In the T2DM group,

patients with HbA1c above the median had higher hs-CRP

(1.17 vs 0.45 mg/l; P = 0.04). No other differences for

inflammatory variables were found in both groups.

Of interest, there were no differences in total and free T3

levels or between FT3/rT3, FT4/FT3, and FT4/r in patients

with T1DM compared to the T2DM group. Also, we

observed no differences in TH levels between patients with

and without microvascular complications.

Patients with type 2 diabetes and control group

Compared to the T2DMc group, patients with T2DM had

higher WHR (0.99 vs 0.89; P\ 0.001). The T2DM group
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showed lower T3 (1.19 vs 1.38 nmol/l; P\ 0.001) and

FT3 (2.99 vs 3.71 pmol/l; P\ 0.001) than the T2DMc

group. Free T4 (16.22 vs 13.91 pmol/l; P\ 0.001) and IL-

6 (1.40 vs 0.88 pg/ml; P = 0.007) levels were higher in the

T2DM group. FT3/rT3 was lower (8.51 vs 10.7;

P = 0.001) and FT4/FT3 was higher (5.27 vs 4.08;

P\ 0.001) in the T2DM group. No differences were

observed in TSH or rT3 levels (Table 2).

We found inverse associations between TSH and WHR

(r = -0.35; P = 0.003) and between BMI and TT3

(r = -0.28; P = 0.02). The WHR was positively associ-

ated with IL-6 (r = 0.24; P = 0.04) and SAA (r = 0.24;

P = 0.04). Similarly, BMI also showed a direct association

to IL-6 (r = 0.23; P = 0.048) and hs-CRP (r = 0.27;

P = 0.02). Table 3 summarizes correlation coefficients

between serum TH levels and inflammatory markers. In the

T2DMc group, WHR was correlated to hs-CRP (r = 0.26;

P = 0.03). BMI was related to SAA (r = 0.35; P = 0.003)

and hs-CRP (r = 0.47; P\ 0.001). Age was correlated to

FT4/FT3 (r = 0.27; P = 0.02). No associations between

hormonal and inflammatory variables were found.

Multivariate linear regression analyses revealed that

SAA (B = 0.18; 95 % CI 0.089; 0.271; P\ 0.001) and hs-

CRP (B = -0.069; 95 % CI -0.132; -0.007; P = 0.03)

were independent predictors of FT3 levels. SAA

(B = -0.16; 95 % CI -0.26; -0.061; P = 0.002) and IL-

6 (B = 0.123; 95 % CI 0.005; 0.241; P = 0.041) were

independent predictors of FT4/FT3. BMI was indepen-

dently associated to TT3 levels (B = -0.006; 95 % CI

-0.01; -0.002; P = 0.003).

No significant results were found in the T2DMc in this

model.

Patients with type 1 diabetes and control group

Patients with T1DM had lower serum T4 (71.18 vs

93.63 nmol/l), T3 (1.14 vs 1.41 nmol/l) and FT3 (3.28 vs

3.91 pmol/l); all P\ 0.001 compared to the T1DMc

group. TSH levels were also lower (1.46 vs 2.06 iu/l;

P = 0.002). High-sensitivity CRP was higher in the T1DM

group (0.87 vs 0.36 mg/l; P\ 0.001). FT3/rT3 was lower

(8.51 vs 11.4) and FT4/FT3 higher (4.97 vs 4.0) in patients

with T1DM (P\ 0.001 for both). No differences were

found in FT4 or rT3 levels (Table 2).

In the T1DM group, we found a positive association

between WHR and hs-CRP (r = 0.36; P = 0.007). The

relation of HbA1c with FT3/rT3 (r = -0.24; P = 0.07)

and FT4/FT3 (r = 0.24; P = 0.08) approached but did not

reach statistical significance. Correlations between TH

levels and inflammatory markers are shown in Table 3. In

the T1DMc group, BMI was directly associated to SAA

(r = 0.29; P = 0.02) and hs = CRP (r = 0.31; P = 0.01).

There were inverse correlations of age with TT4

(r = -0.5; P\ 0.001) and TT3 (r = -0.3; P = 0.01),

and between WHR and TT4 (r = -0.28; P = 0.02). TSH

was associated to weight (r = 0.27; P = 0.03) and waist

circumference (r = 0.3; P = 0.01). We observed no

associations between inflammatory and hormonal variables

in this group.

In multivariate linear regression, IL-6 was an indepen-

dent predictor of FT3/rT3 (B = -0.193; 95 % CI -0.31;

-0.076; P = 0.002) and FT4/rT3 (B = -0.107; 95 % CI

-0.207; -0.006; P = 0.039). HbA1c was independently

associated to FT4/FT3 (B = 0.018; 95 % CI 0.004; 0.033;

P = 0.014).

No predictors of TH levels were found with this model

in the T1DMc group.

Discussion

In this study, the main novel findings were that patients

with T1DM and T2DM share similar hormone abnormal-

ities and also that the latter arise from imbalances in

deiodinase activity, which were associated to subclinical

inflammatory activity. Of note, a more thorough evaluation

of inflammatory activity revealed that IL-6 and SAA,

which are pro-inflammatory cytokines characteristically

increased in patients with DM, played a major role in these

Table 1 Clinical and epidemiological characteristics of patients with

type 1 (T1DM) and type 2 (T2DM) diabetes

T1DM (n = 55) T2DM (n = 70)

Age (years) 31 (24–42) 60 (53–63.2)

Gender (female) 35 (63.6 %) 44 (62.9 %)

Time since diagnosis (years) 15 (9–21) 12 (5.7–18)

Weight (kg) 67.2 (61.5–75) 76.5 (67–92)

BMI (kg/m2) 24.8 (22.7–27.9) 30 (25.8–34.5)

Waist (cm) 82 (75–91) 102 (89–112)

WHR 0.83 (0.79–0.89) 0.99 (0.93–1.06)

HbA1c (%) 9.2 (7.9–10.5) 8.3 (7.3–10)

Oral drugs only 0 21 (30 %)

Insulin only 55 (100 %) 10 (14.3 %)

Combination 0 39 (55.7 %)

Smoking 2 (5.7 %) 7 (10 %)

Hypertension 5 (14.2 %) 53 (75.7 %)

Nephropathy 18 (32.7 %) 37 (52.9 %)

Retinopathy 20 (36.4 %) 42 (60 %)

Neuropathy 11 (20 %) 32 (45.7 %)

Macrovascular disease 2 (5.7 %) 18 (25.7 %)

Numbers represent median (interquartile range) or frequency

(percentage)

BMI body mass index, WHR waist/hip ratio
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results. All patients had lower serum concentrations of TT3

and FT3 than non-diabetic individuals paired by age, sex,

and BMI. In previous works, the low T3 state in patients

with T1DM and T2DM has been mainly associated to poor

glycemic control [10, 23, 24]. However, in critically ill

patients [25–27] as well as in other chronic conditions [10,

12, 13], this syndrome has been related to inflammatory

activity. Diabetes itself is a condition that has been

increasingly linked to pro-inflammatory activity, especially

T2DM [28–30]. In our study, the relationship between

inflammatory response and TH levels was not replicated in

the control groups, despite similar BMI values.

The T2DM group had higher serum levels of IL-6

alongside more evident central adiposity, represented by

the larger WHR. In the T2DM group, rT3 levels and a

lower FT3/rT3 ratio were associated to an increased

inflammatory response, implying decreased peripheral T3

generation and/or increased T4 inactivation to rT3. The

Table 2 Comparison of patients with diabetes and their respective control group

T1DM (n = 55) T1DMc (n = 63) P T2DM (n = 70) T2DMc (n = 70) P

Age (years) 31 (24–42) 36 (29–45) 0.1 60 (53–63.2) 54.5 (50–61) 0.11

Gender (F) 35 (63.6 %) 46 (73 %) 0.27 44 (62.9 %) 44 (62.9 %) 1.0

Weight (kg) 67.2 (61.5–75) 67.5 (59–77) 0.92 76.5 (67–92) 73.5 (66.7–86.2) 0.29

BMI (kg/m2) 24.8 (22.7–27.9) 25.53 (22.83–28.35) 0.69 30 (25.8–34.5) 29.2 (25.6–33.3) 0.3

WHR 0.83 (0.79–0.89) 0.86 (0.79–0.9) 0.97 0.99 (0.93–1.06) 0.89 (0.84–0.95) <0.001

TSH (iu/l) 1.46 (0.96–2.3) 2.06 (1.57–2.64) 0.001 2.25 (1.53–3.44) 1.98 (1.35–3.32) 0.62

TT4 (nmol/l) 71.2 (52.1–87.5) 93.6 (81–107.1) <0.001 83 (69.2–97) 92 (80.3–102.8) 0.01

FT4 (pmol/l) 14.5 (13.6–16.7) 14.2 (12.9–16.5) 0.582 16.2 (14.6––18.5) 13.9 (12.7–16.6) <0.001

TT3 (nmol/l) 1.14 (0.96–1.36) 1.41 (1.28–1.57) <0.001 1.18 (1.05–1.41) 1.38 (1.28–1.60) <0.001

FT3 (pmol/l) 3.28 (2.42–3.55) 3.92 (3.14–4.49) <0.001 2.99 (2.44–3.61) 3.71 (2.97–4.24) <0.001

rT3 (nmol/l) 0.396 (0.256–0.468) 0.351 (0.228–0.476) 0.17 0.354 (0.24–0.449) 0.327 (0.22–0.485) 0.53

FT3/rT3 8.51 (6.7-11.7) 11.43 (8.7–16.22) <0.001 8.51 (6.89–12.17) 10.72 (8.3–15.49) 0.001

FT4/FT3 4.97 (4.21–5.95) 4.0 (3.25–4.65) <0.001 5.27 (4.28–7.21) 4.08 (3.29–5.02) <0.001

FT4/rT3 39.4 (32.5–56.3) 46.2 (34–62.5) 0.11 50.6 (36.2-67.5) 48.6 (33–59.8) 0.51

CRP (mg/l) 0.87 (0.34–2.3) 0.36 (0.14–0.85) 0.001 0.7 (0.32–2.11) 0.67 (0.38–1.22) 0.67

IL–6 (pg/ml) 0.89 (0.59–1.49) 0.79 (0.33–1.37) 0.17 1.39 (0.77–2.24) 0.88 (0.4–1.65) 0.007

SAA (ng/ml) 9.92 (1.45–21.94) 10.38 (2.05–22.8) 0.86 14.68 (5.92–26.04) 10.72 (3.67–19.11) 0.04

Data are shown as frequency (percentage) or median (interquartile range)

Conversion from mass to SI units: TT4: lg/dl 9 12.87 = nmol/l; FT4: ng/dl 9 12.87 = pmol/l; TT3: ng/dl 9 0.01536 = nmol/l; FT3: pg/ml 9

1.536 = pmol/l; rT3: ng/ml 9 1.54 = nmol/l

T1DM patients with type 1 diabetes, T2DM patients with type 2 diabetes, T1DMc T1DM control group, T2DMc T2DM control group, BMI body

mass index, WHR waist/hip ratio, CRP high-sensitivity C-reactive protein, SAA serum amyloid A

P values highlighted in bold represent significant differences between two groups (P\ 0.008)

Table 3 Correlation

coefficients between hormonal

and inflammatory variables in

patients with type 1 (T1DM)

and type 2 (T2DM) diabetes

TT4 FT4 TT3 FT3 rT3 TSH FT3/rT3 FT4/FT3 FT4/rT3

T1DM

IL-6 0.12 -0.07 -0.17 -0.16 0.29* 0.03 -0.4** 0.14 -0.34*

SAA 0.02 -0.07 -0.02 -0.15 0.12 -0.04 -0.19 0.08 -0.13

CRP 0.18 -0.06 -0.09 -0.22 0.05 0.12 -0.15 0.14 0.01

T2DM

IL-6 -0.3* 0.06 -0.21 -0.11 0.25* 0.03 -0.36** 0.14 -0.24*

SAA 0.01 0.11 0.05 0.25* 0.45** -0.13 -0.1 -0.18 -0.43**

CRP -0.27* 0.02 -0.23 -0.12 0.12 0.01 -0.21 0.14 -0.14

IL-6 interleukin-6, SAA serum amyloid A, CRP high-sensitivity C-reactive protein

* P\ 0.05

** P\ 0.01
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increased FT4 concentration when compared to the

T2DMc group favors the hypothesis of inhibited type 1

deiodinase activity, as conversion to T3 is the main path-

way of T4 metabolism [31]. In multivariate adjusted

regression, SAA and hs-CRP were the main determinants

of FT3 and independently predicted FT4/FT3 levels. Serum

amyloid A is an acute-phase pro-inflammatory cytokine

produced in the liver in response to IL-6 and is related to

hs-CRP, with higher levels encountered in patients of

higher cardiovascular risk [32, 33]. A surprising finding

was the direct association of SAA with FT3 and inverse

with the FT4/FT3 ratio, which suggests increased periph-

eral formation of T3. This may help explain the intra-pi-

tuitary induction of type 2 deiodinase, which is held as one

possible explanation for the normal serum TSH levels often

found in patients with NTIS. The increased intra-pituitary

concentration of T3 could render the gland tissue euthy-

roid, preventing the otherwise expected rise in TSH [34].

Therefore, it is possible that some cytokines could be

responsible for enhancing T3 formation [35], which could

help explain why our patients had TSH levels comparable

to the control groups despite lower serum FT3 concentra-

tions. Genetic abnormalities undermining the expression

and activity of type 2 deiodinase have been associated to

increased insulin resistance [36, 37]. In fact, a case–control

study of Brazilian patients with type 2 diabetes demon-

strated a higher prevalence the Thr92Ala polymorphism in

patients with type 2 diabetes compared to nondiabetic

subjects [38]. The following metanalysis pooling other 3

studies from other countries confirmed the association

between this polymorphism and T2DM [38]. On the other

hand, type 2 deiodinase is believed to have a rather low

contribution to circulating T3 in humans [39]. Whether

some cytokines may have different effects on deiodinase

activity from others is not clear to us at this point, but

deserves confirmation and further investigation in future

basic as well as clinical studies. We found no other works

assessing the relation of SAA and TH in NTIS or DM.

Another point worthy of note is that these associations

were found exclusively in patients with DM. Higher hs-

CRP levels, however, showed opposite results and were

associated to lower serum FT3 concentrations.

Comparable findings regarding increased inflammatory

markers were encountered in patients with T1DM, repre-

sented by higher hs-CRP levels than the T1DMc group,

even with comparable WHR measures. In this group,

interleukin-6 correlated positively with rT3 and was an

independent predictor of the relations FT3/rT3 and FT4/

rT3, suggesting decreased peripheral conversion of T4 to

T3, a common finding in non-thyroidal illness (NTIS) [40,

41]. Interleukin-6 is a cytokine closely associated to NTIS,

showing a tight correlation with the falling T3 in several

studies [17, 26, 42]. As for glycemic control, it was the

major predictor of FT4/FT3 in the T1DM group. Higher

blood glucose or even the insulin deficiency characteristic

of T1DM could decrease type 1 deiodinase activity in the

liver, further reducing peripheral activation of T4 to T3.

Alternatively, poorer glycemic control could act through

the action of increased pro-inflammatory mediators. This

already established role of glycemic control in TH meta-

bolism was confirmed only in this group of patients. We

believe this could be due to the more heterogeneous HbA1c

levels in the T1DM group and the more manifest glycemic

variability that is usually found in patients with T1DM. In

addition, the inflammatory response was more evident in

patients with T2DM, an effect that could have predomi-

nated over glycemic levels in that group.

The lower serum TT3 and FT3 levels are in line with

previous works showing decreased levels of T3 in patients

with diabetes [8, 10, 11]. Notwithstanding comparable age

and BMI, the subclinical inflammation process was more

prominent in the groups of patients with T1DM and T2DM,

a fact that could explain differences regarding the corre-

lations found when compared to the control groups and

also in comparison to studies involving individuals with

metabolic syndrome but no DM [43, 44]. In such, patients

with metabolic syndrome presented higher FT4 levels, as

well as an inverse association between FT4 and BMI [45],

findings that are similar to those in our patients with

T2DM. However, in our T2DM group, BMI was inde-

pendently and negatively associated to TT3. We believe

that this could be due to the hyperinsulinemia characteristic

of these patients, which could decrease thyroid hormone

binding globulin synthesis by the liver, similarly to what is

often observed for SHBG [46].

The strengths of the current study include the presence

of control groups paired by BMI, which is an established

confounding factor when analyzing thyroid hormone levels

in patients with diabetes, and the fact that individuals under

acute metabolic stress were not included. In addition, both

type 1 and type 2 diabetes were analyzed and all patients

were euthyroid, with undetectable serum anti-thyroid

antibodies. Nevertheless, the study has some limitations.

Firstly, the cross-sectional design may limit conclusions on

causality. Moreover, the relatively small sample size in

each group may have precluded additional findings, despite

the fact that we based our numbers in a minimal sample

size calculation, which was estimated in a pilot study.

Finally, the inference of abnormal deiodinase activity was

indirect, as we did not measure the enzymes’ activity in

liver or muscle, because biopsies were deemed unethical in

our present clinical situation. For similar reasons, we were

not able to confirm that lower serum levels of TH translate

into actual tissue hypothyroidism. These indirect estima-

tions have, nonetheless, shown a good correlation with the

enzymes’ activities [47].
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In conclusion, we have shown that the TH abnormalities

described in patients with type 1 and type 2 diabetes were

related not only to glycemic control as previously descri-

bed, but also to the increased inflammatory activity seen in

both groups of patients with DM, which in turn were

associated to imbalances in deiodinase activity. These

findings were independent of sex, age, BMI, and HbA1c

levels. One recent study showed that anti-inflammatory

medications could prevent the occurrence of NTIS in the

setting of acute myocardial infarction [48]. Further

research is warranted to clarify if ameliorating inflamma-

tion can reverse TH abnormalities in either type of diabetes

and if T3 replacement shows any beneficial impact on the

course of the disease.
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