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Insulin sensitivity modifies the relationship between thyroid
function and lipid profile in euthyroid type 1 diabetic patients
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Abstract It has been suggested that association between
hypothyroidism with dyslipidemia might be present already at
the stage of normal thyroid function through altered insulin
sensitivity. We analyzed the role of insulin sensitivity as a
mediator of thyroid-induced lipid changes in euthyroid type 1
diabetic patients. Study included 304 patients with type 1
diabetes and normal thyroid function. Insulin sensitivity was
measured with estimated glucose disposal rate calculated
using the equation: eGDR = 24.31 — (12.22 x WHR) —
(3.29 x HT) — (0.57 x HbAlc); WHR = waist-to-hip
ratio, HT = hypertension. TSH, FT4, FT3, and serum lipids
were measured. Correlations and multiple linear regressions
analysis were performed to identify relationships between
thyroid status and serum lipid parameters after stratifying
patients in quartiles of eGDR. After adjustment for age, sex,
BMI, duration of diabetes and insulin dose TSH, FT3, and FT4
was not significantly associated with serum lipids in all
patients, independently of level of insulin sensitivity. How-
ever, after stratifying patients for the degree of insulin sensi-
tivity in subjects in the lowest quartile of insulin sensitivity
TSH was independently associated with LDL cholesterol
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(f = 0.210, p = 0.02). The independent relation of eGDR
with TSH and LDL cholesterol suggests that the influence of
thyroid function on lipid metabolism might extend into
euthyroid range through altered insulin sensitivity.
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Introduction

Thyroid hormones are key regulators of many metabolic
processes through their effect on protein, carbohydrate, and
lipid metabolism [1]. Those effects might be direct, as well
as indirect by modification of other hormones such as
insulin or catecholamines [2]. Thyroid hormones also
influence on various aspects of lipid metabolism including
synthesis, mobilization, and degradation [3]. Overt hypo-
thyroidism (OH) is associated with dyslipidemia and
increased atherosclerotic vascular disease [1], as well as
subclinical hypothyroidism (SH), an asymptomatic state
characterized by normal serum concentrations of free trii-
odothyronine (FT3) and free thyroxine (FT4) with slightly
elevated serum concentrations of thyrotropin (TSH) [1, 3,
4]. Most hypothyroid, as well as patients with SH, showed
high serum concentrations of total and low density (LDL)
cholesterol [1, 3, 5]. In contrast, high density (HDL) cho-
lesterol and triglycerides levels were found to be higher or
similar compared to euthyroid subjects [1, 3, 6]. Besides
quantitative lipid changes in OH, qualitative alterations on
lipoproteins, such as triglyceride enrichment of the LDL
particle and accumulation of remnant lipoproteins can also
be found [7, 8].

It has been suggested that OH and SH are an insulin
resistant state [9, 10]. Thyroid hormones play a key role in
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the regulation and activation of insulin receptor and glu-
cose transporter proteins [11]. Thyroid disorders in terms
of OH or SH have also been associated with defective
insulin secretion, hyperinsulinemia, altered peripheral
glucose disposal, and insulin resistance [9, 13]. Insulin
resistance is the central pathophysiological phenomenon of
metabolic syndrome [13], and it has been shown that thy-
roid hormones and TSH are associated with several com-
ponents of metabolic syndrome in euthyroid subjects [14,
15]. In addition, insulin resistance seems to be a key reg-
ulator of dyslipidemia genesis, leading to increases in tri-
glycerides and small dense LDL, and reduction in HDL
cholesterol [13]. Although insulin resistance is usually
associated with the development of type 2 diabetes, it can
also be a feature of patients with type 1 diabetes [16]. In
those subjects, insulin resistance is an independent risk
factor for the micro- (nephropathy, neuropathy, and reti-
nopathy), macro- (coronary artery disease and peripheral
vascular disease) vascular complications, and liver disease
[17-21]. Clinically, insulin resistance in type 1 diabetic
patients is often recognized by their larger requirements for
insulin, but more recently a validated method for estimated
glucose disposal rate (¢GDR), which has been previously
validated by euglycemic-hyperinsulinemic clamp studies,
has been developed [22].

However, it has been observed that TSH and thyroid
hormone concentrations have an impact on plasma lipids in
euthyroid subjects [23-25]. At least three studies have
suggested that the known associations of OH and SH with
dyslipidemia may be extended into the normal range of
thyroid function through altered insulin sensitivity [15, 26,
27]. A significant influence of insulin sensitivity on the
associations of high normal TSH and low normal FT4 with
dyslipidemia has been observed in healthy subjects [15, 26,
28]. In euthyroid type 2 diabetic patients, insulin resistance
has led to an increased risk of dyslipidemia in patients with
higher serum TSH [27].

The objective of this study was to investigate the role of
insulin sensitivity as a mediator of thyroid-induced lipid
changes in euthyroid type 1 diabetic patients.

Subjects, materials, and methods

This study included 304 euthyroid patients with diabetes
mellitus type 1. Type 1 diabetes was defined as an onset of
diabetes before the age of 35 years and permanent insulin
treatment initiated within 1 year of diagnosis. Euthyroid-
ism was defined as TSH, FT3, and FT4 within the normal
reference range while not taking any thyroid medication,
and negative finding of thyroid autoantibodies against
thyroid peroxidase (TPOAD) or thyroglobulin (TgAb). The
study included patients with following characteristics: age
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of 18-65 years, minimum duration of type 1 diabetes of
1 year, no medical history of disorders of thyroid and
adrenal gland function, no medical history of liver, renal,
and cardiovascular diseases. Patients were excluded from
the study if they took any of the following: lipid-lowering
therapy, thyroid hormone therapy, antithyroid drugs, radio-
iodine treatment, iodine tablets, and medications that might
affect thyroid function (amiodarone, lithium, interferon,
corticosteroids, dopamine, and other drugs). Those who
required medications that might affect glucose metabolism
and insulin sensitivity such as glucocorticoids, oral con-
traceptives as well as patients taking oral glucose-lowering
medication, and who had accompanying infectious disease,
were also excluded from the study.

All subjects were studied in the morning after an over-
night fast. Basic anthropometric measurements were per-
formed on all study subjects, waist-to-hip ratio (WHR) was
calculated from the waist circumference (measured on bare
skin as the narrowest circumference between the 10th rib
and the iliac crest with tailor meter) and hip circumference
(at the widest point of the gluteal muscles) and expressed in
centimeters (cm), weight was measured by the physician
using a balanced-beam scale with light clothing and bare-
foot and expressed in kilograms (kg), height was measured
using a wall mounted stadiometer and expressed in cm,
BMI was calculated as weight in kilograms divided by the
square of height in meters (kg/m?). Blood pressure was
measured twice in the sitting position with a mercury
sphygmomanometer after a resting period of 10 min.

Fasting venous blood samples were collected in the
morning between 08:00 and 09:30 h after an overnight fast
for the determination of hemoglobin Alc (HbAlc, %),
TSH (mIU/L, reference interval 0.4—4.0), FT4 (pmol, ref-
erence interval 8.4-22.0), FT3 (pmol/L, reference interval
2.8-8.2), total cholesterol (mmol/L, reference interval
<5.0), HDL cholesterol (mmol/L, reference interval >1.0
for men, >1.3 for women), LDL cholesterol (mmol/L,
reference interval <3.0), VLDL cholesterol (mmol/L), and
triglycerides (mmol/L, reference interval <1.7).

HbAlc was measured spectrophotometrically by turbi-
dimetric immuno-inhibition (Olympus AU600, Beckman-
Coulter, USA). Cholesterol and triglycerides in serum were
measured by an enzymatic colorimetric method after pre-
cipitation with polyethylene glycol on an automatic spec-
trophotometer (Olympus AU600, Beckman-Coulter, USA).
TSH, FT3, and FT4 were determined by fluoroimmuno-
assay (FIA) (Wallac Oy, Turku, Finland).

Measure of insulin sensitivity (eGDR) is calculated
using the equation: 24.31 — 12.2 x (WHR) — 3.29 x
(HT) — 0.57 x (HbAlc), where the units are mg kg_1
min~!, WHR indicates the waist-to-hip ratio, HT indicates
blood pressure, and is expressed as: 0-no, 1-yes. Those
on blood pressure medications or with blood pressure
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>140/90 mmHg were classified as hypertensive. This
equation was derived from a substudy of 24 Epidemiology
of Diabetes Complications (EDC) participants (12 men and
12 women drawn from low, middle, and high age-specific
tertiles of insulin resistance risk factors in order to repre-
sent the spectrum of insulin resistance) who underwent
euglycemic-hyperinsulinemic clamp studies [22].

The study protocol complies with the Declaration of
Helsinki as well as with local institutional guidelines, and
was approved by the local ethics committees.

All statistical analyses were performed with the SAS
statistical program, version 9.1.3 (SAS Institute, Cary, NC,
USA). Data are expressed as means = SD for normally
distributed values, as median with range for non-normally
distributed values. To investigate the relationships between
thyroid function, serum lipids and insulin sensitivity, data
were stratified in quartiles of eGDR. Differences between
groups for normally distributed variables were tested using
ANOVA and non-parametric data with the Kruskal-Wallis
test. Pearson’s correlation coefficients were used to cal-
culate correlations between normally distributed values and
Spearman’s rank correlation coefficients were used for
non-normally distributed values. Multiple linear regression
analysis was performed to identify relationships between
thyroid status and serum lipid parameters depending on the
level of insulin sensitivity, after adjusting for age, sex,
BMI, duration of diabetes, and insulin dose. A p value of
<0.05 (p < 0.05) was considered statistically significant.

Results

The characteristics of the study subjects are listed in
Table 1. Mean/median values of BMI, WHR, systolic and
diastolic blood pressure, total, LDL, HDL cholesterol, and
triglycerides were within the normal range for patients with
diabetes. Relationship between clinical and metabolic
characteristics of patients among those in the second, third,
and fourth quartiles of eGDR compared to those in quartile
1 are presented in Table 2. Stratifying clinical and meta-
bolic characteristics for the degree of insulin sensitivity,
trends across quartiles of eGDR for sex, age, duration of
diabetes, BMI, daily insulin dose, TSH, total, LDL, HDL,
VLDL cholesterol, and triglycerides were statistically sig-
nificant (all p < 0.05). The magnitude of these associations
was strongest for sex, age, BMI, daily insulin dose, and
serum lipids (all p < 0.001). The four patients groups did
not differ regarding levels of FT3 and FT4.

Correlations of TSH and thyroid hormones with serum
lipids are presented in Table 3. After stratifying patients for
the degree of insulin sensitivity (quartiles of eGDR) in
those who were considered to be more insulin resistant (the
lowest quartile of insulin sensitivity), TSH was positively

Table 1 Clinical and metabolic characteristics of all patients

Variable

Sex (m/f) 166/138

Age (years) 38 £ 11
Duration of diabetes (years) 15+ 10

BMI (kg/m?) 24 (15-37)
WHR 0.82 £ 0.07
HbAlc (%) 7.08 (4.4-14.2)
Daily insulin dose (IU/day) 41 (8-96)

SBP (mmHg) 122 (90-180)
DBP (mmHg) 80 (50-110)
e-GDR (mg kg~' min™") 9.72 (3.9-12.7)
TSH (mIU/L) 1.92 + 0.9
FT3 (pmol/L) 544+09

FT4 (pmol/L) 13.5+24
Total cholesterol (mmol/L) 4.9 (2.5-8.0)
LDL cholesterol (mmol/L) 2.7 (0.6-5.8)
HDL cholesterol (mmol/L) 1.66 (0.7-3.6)
VLDL cholesterol (mmol/L) 0.41 (0.2-1.9)
Triglycerides (mmol/L) 0.91 (0.3-5.0)

BMI body mass index, WHR waist-to-hip ratio, SPB systolic blood
pressure, DBP diastolic blood pressure; FT13 free T3, FT4 free T4,
eGDR estimated glucose disposal rate

correlated with all lipids parameters except HDL choles-
terol. Correlation between TSH and LDL cholesterol were
statistically significant (r = 0.225, p = 0.04). In contrast,
in patients with higher insulin sensitivity (third quartile of
eGDR) TSH was significantly positively correlated with
HDL cholesterol (r = 0.239, p = 0.03). FT3 was in a
significant negative correlation with HDL cholesterol
independently of the level of insulin sensitivity (r =
—0.162, p = 0.005), as well as in subjects with higher
insulin sensitivity (third quartile of eGDR) (r = —0.282,
p = 0.01). Correlations between FT4 and total, LDL and
HDL cholesterol were opposite in subjects depending on
level of insulin sensitivity, and only significant between
FT4 and HDL cholesterol in subjects in second quartile of
eGDR (r = —0.278, p = 0.01).

To investigate the relation between TSH with insulin
sensitivity and serum lipids data were also stratified in
different groups of TSH level [0.4-1.6 (130 patients),
1.61-2.8 (106 patients), and 2.81-4.0 mIU/L (68 patients)].
However, trends across different groups of TSH levels
were not statistically significant for eGDR, total, LDL,
HDL, VLDL cholesterol, and triglycerides (data not
shown). In addition, correlation between TSH, FT3, FT4,
and eGDR, as well as with individual components of
insulin resistance, were statistically significant only for
FT3 with WHR (r = 0.133, p = 0.01).

Multiple linear regression models, adjusted for age, sex,
duration of diabetes, BMI and insulin dose, were used to
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Table 2 Comparison of clinical and metabolic characteristics of patients depending on level of insulin sensitivity (quartiles of eGDR)

First quartile Second quartile Third quartile Fourth quartile P

(n =176) (n=177) (n=175) (n =176)

(eGDR < 7.81) (7.81-9.72) (9.73-10.8) (eGDR > 10.8)
Sex (m/f) 51/25 50/27 43/32 22/54 <0.001
Age (years) 44 £ 11 35+ 11 36 £ 9 35+ 10 <0.001
Duration of diabetes (years) 19+9 15+ 10 14 £ 8 14 £ 10 0.01
BMI (kg/m?) 26 (18-34) 24 (17-37) 24 (19-33) 23 (15-29) <0.001
Daily insulin dose (IU/day) 48 (22-96) 46 (17-88) 40 (14-71) 34 (8-65) <0.001
TSH (mIU/L) 20+ 1.0 1.6 +£ 0.7 2.0+ 09 2.0+08 0.009
FT3 (pmol/L) 54+ 1.0 55+ 1.0 54+1.0 54+08 0.8
FT4 (pmol/L) 135 £ 2.7 135 £ 22 135 £ 2.1 13.6 £ 24 0.9
Total cholesterol (mmol/L) 5.61 (3.3-8.0) 4.85 (2.5-6.6) 4.75 (3.3-6.5) 4.83 (3.1-6.7) <0.001
LDL cholesterol (mmol/L) 3.21 (1.4-5.8) 2.73 (1.04.2) 2.67 (0.6-3.9) 2.58 (1.4-4.3) <0.001
HDL cholesterol (mmol/L) 1.69 (0.8-3.1) 1.47 (0.7-3.6) 1.67 (0.9-3.6) 1.80 (0.7-2.8) <0.001
VLDL cholesterol (mmol/L) 0.49 (0.2-1.9) 0.50 (0.2-1.4) 0.36 (0.2-1.1) 0.33 (0.2-0.9) <0.001
Triglycerides (mmol/L) 1.08 (0.4-4.1) 1.10 (0.4-5.0) 0.80 (0.4-2.3) 0.72 (0.3-2.0) <0.001

BMI body mass index, WHR waist-to-hip ratio, SPB systolic blood pressure, DBP diastolic blood pressure, F73 free T3, FT4 free T4, eGDR

estimated glucose disposal rate

Table 3 Spearman correlation coefficients (r) of TSH and free thyroid hormones with serum lipids concentrations

Group Total chol. LDL HDL VLDL Triglycerides
r r r r r

TSH 1 0.044 0.015 0.059 —0.035 —0.036
2 0.184 0.225% —0.097 0.139 0.126
3 0.044 0.073 0.048 0.018 0.024
4 —0.120 —0.114 0.239* —0.123 —0.129
5 0.064 0.100 0.039 —0.002 —0.004

FT3 1 —0.054 0.008 —0.162* 0.039 0.037
2 —0.067 —0.089 —0.148 0.153 0.148
3 0.013 0.121 —0.063 —0.124 —0.130
4 —0.100 0.021 —0.282% 0.100 0.092
5 —0.045 0.028 —0.156 —0.033 —0.030

FT4 1 —0.002 0.039 —0.061 —0.005 —0.002
2 —0.063 —0.030 —-0.017 —0.098 —0.085
3 —0.101 0.042 —0.278* 0.139 0.143
4 0.141 0.140 -0.113 0.018 0.020
5 0.070 0.047 0.101 —0.007 —0.003

Group 1: all patients (304); Group 2: eGDR < 7.81 mg kg~' min~" (76 patients); Group 3: eGDR 7.81-9.72 mg kg~" min~" (77 patients);
Group 4: eGDR 9.73-10.8 mg kg ' min~"' (75 patients); Group 5: eGDR > 10.8 mg kg~' min~"' (76 patients); * p < 0.05

determine whether the associations of TSH, FT3, and FT4
with serum lipids were modified by level of insulin sensi-
tivity (Table 4). The association of TSH and LDL cho-
lesterol (f = 0.210, 95% CI = 0.02-0.39, p = 0.02)
appeared to be significantly modified in patients in the
lowest quartile of insulin sensitivity, and almost significant
for the association of TSH with total cholesterol
(p=0.197, 95% CI= —0.09 to 0.40, p = 0.06). In
patients with higher insulin sensitivity (second, third, and
fourth quartiles of eGDR) associations of TSH, FT3, and
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FT4 with serum lipids were not significant after multivar-
iate adjustment for a broad spectrum of metabolic risk
factors.

Discussion
Thyroid disease and diabetes mellitus are the two most

common endocrine disorders in everyday practice. Their
strong association with insulin sensitivity might have
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Table 4 Multiple linear regression coefficients (f), adjusted for age, sex, duration of diabetes, body mass index and insulin dose, for the effects

of thyroid function and insulin sensitivity on serum lipid parameters

Group Total cholesterol LDL HDL VLDL Triglycerides
B B B B

TSH 1 0.044 0.025 0.026 —0.005 0.007
2 0.197 0.210* —0.049 0.037 0.077
3 0.007 —0.071 0.076 0.001 0.145
4 —0.083 —0.108 0.043 —0.016 —0.037
5 0.091 0.107 —0.021 0.006 0.013

FT3 1 0.022 0.027 —0.024 0.015 0.032
2 0.043 —0.037 —0.000 0.083 0.178
3 0.127 0.128 0.027 —0.028 —0.057
4 —0.053 —0.018 —0.069 0.019 0.040
5 —0.029 0.028 —0.060 0.002 0.007

FT4 1 0.005 0.015 —0.006 —0.001 0.002
2 —0.011 —0.002 —0.004 0.000 0.004
3 —0.010 0.016 —0.034 0.007 0.052
4 0.061 0.060 —0.001 0.000 0.001
5 —0.002 0.000 0.002 —0.005 —0.011

Group 1: all patients (304); Group 2: eGDR < 7.81 mg kg™' min™" (76 patients); Group 3: eGDR 7.81-9.72 mg kg™' min™" (77 patients);
Group 4: eGDR 9.73-10.8 mg kg~' min~' (75 patients); Group 5: eGDR > 10.8 mg kg~ min~' (76 patients); * p < 0.05

important clinical implications [12, 29]. Insulin resistance
as a key component of the metabolic syndrome leads to
dyslipidemia [13]. On the other side, both OH and SH,
known to be associated with the development of dyslipi-
demia, represent an insulin resistant state [1, 7-9, 11, 31].
The correlation between thyroid hormones and insulin
resistance has been proven in diabetic patients but also in
subjects with normal glucose tolerance [14, 15, 27, 28].
Even subtle decrease in the level of thyroid hormones
within the normal range has been shown to inversely cor-
relate with insulin resistance [15, 28].

The significant relationship between insulin sensitivity,
thyroid function, and lipid profile has been documented in
healthy subjects and type 2 diabetic patients with normal
thyroid function [15, 26-28]. Chubb et al. [27] demon-
strated significant associations between TSH and serum
total, HDL cholesterol and triglycerides in euthyroid
insulin-resistant type 2 diabetic patients. The influence of
insulin sensitivity on thyroid function and lipid profile was
not previously investigated in euthyroid type 1 diabetic
patients. Our data gave evidence that insulin sensitivity
could modify the relationship between thyroid function and
lipid profile in type 1 diabetic patients with normal thyroid
function. In all patients, after adjustment for age, sex, BMI,
duration of diabetes and insulin dose, TSH, FT3, and FT4
level was not significantly associated with serum lipids.
However, after stratifying patients for the degree of insulin
sensitivity, in insulin-resistant type 1 diabetic patients TSH
was independently associated with LDL cholesterol

(f =0.210, p = 0.02), and almost with total cholesterol
(f = 0.197, p = 0.06).

Thyroid hormones are involved in all steps of lipid
metabolism leading to the development of qualitative and
quantitative changes of serum lipids [1, 7, 8, 30]. OH and
SH are associated with dyslipidemia, affecting mainly total
and LDL cholesterol value [1, 3]. An accumulation of LDL
cholesterol due to a reduction in the number of hepatic and
peripheral LDL receptors resulting in decreased clearance
of LDL is considered as the primary mechanism for
hypercholesterolemia in OH and SH [5]. Our results indi-
cate that insulin sensitivity might have influence on these
pathophysiological mechanisms already at the euthyroid
state. Subjects with low insulin sensitivity show an
increased hepatic cholesterol synthesis, with overproduc-
tion of VLDL cholesterol, the precursor particles of LDL
cholesterol [31]. However, in subjects with low insulin
sensitivity the composition of LDL seems to be modified
by depletion in cholesterol content of LDL particle and
increasing concentrations of small dense LDL particles [13,
32]. The more atherogenic small dense LDL particles have
lower affinity for the LDL receptor, causing a delay in their
clearance [33]. Insulin resistance associated dyslipidemia
with predominance of small LDL particles could possibly
explain higher LDL cholesterol concentrations in subjects
with high normal TSH level and partially reduced LDL
receptor number.

In comparison with the study performed in type 2 dia-
betic patients [27], our patients showed significantly lower
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levels of total, LDL cholesterol and triglycerides as well as
higher levels of protective HDL cholesterol. Our results
and subjects characteristics are comparable with the study
of Bakker et al. [26], who found significant positive asso-
ciations of TSH with total and LDL cholesterol in euthy-
roid insulin resistant subjects without diabetes. In our
study, insulin resistance was not measured using the gold
standard, euglycemic-hyperinsulinemic clamp method,
which represents a potential limitation. Insulin sensitivity
was determined using eGDR, a method based on clinical
parameters that include hypertension, HbAlc, and WHR. It
shows a close correlation with the clamp method and was
previously used to determine the extent of insulin resis-
tance in type 1 diabetes [19, 22, 34].

We did not find a significant correlation between TSH,
thyroid hormones, and insulin resistance or its components,
except between FT3 and WHR. Moreover, after stratifying
patients in different groups of TSH level, trends across
different groups were not statistically significant for eGDR
and serum lipids. It is evident that the complex interaction
between insulin sensitivity, thyroid status, and lipid profile
will remain unclarified in clinical trials. More studies need
to be done in order to understand mechanisms underlying
insulin resistance and thyroid function in type 1 diabetes.
However, evidence that in insulin resistant patients with
type 1 diabetes TSH level within the normal limits causing
lipid disorder point on earlier therapeutic intervention.

Our findings suggest that in type 1 diabetic patients,
with documented lower insulin sensitivity, the lowest TSH
concentrations within the reference range should be aimed.
Such a view is supported by experimental data showing
that in insulin resistant patients with type 2 diabetes an
estimated 10-year cardiovascular risk at a TSH level of
1 mIU/L was almost half of that at a TSH level of 7 mIU/L
[27]. Although thyroid hormones therapy in SH is still a
matter of debate, it could represent a valuable adjunct to
lipid-lowering therapy in dyslipidemic diabetic patients
with reduced insulin sensitivity [35, 36]. Moreover, the
majority of studies suggest a normalization of LDL cho-
lesterol levels after thyroxine substitution therapy in SH
[1, 6, 37, 38].

Our results on a large number of type 1 diabetic patients
prove that the influence of altered insulin sensitivity on
thyroid function and lipid metabolism extends into euthy-
roid range. Whether the detection of increased TSH level
within the normal range in insulin-resistant type 1 diabetic
patients has predictive value for development of dyslipi-
demia and increased cardiovascular risk needs to be
assessed in further follow-up studies.

Conflicts of interest None.
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