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Introduction

Graves’ disease (GD) is an autoimmune disease resulting in
increased production of thyroid hormones. The disease is
associated with a state of relative starvation that, despite of
increased hunger and food intake, result in weight loss and
muscle weakness [1]. Fatty acid oxidation is increased due to
a reduced sensitivity of carnitine palmitoyl transferase 1
(CPT1), a master regulator of lipid metabolism, to inhibition
by malonyl-CoA [2, 3]. Moreover, increased expression and
activity of this protein has been suggested in the disease [2,
3]. Hence, the disease is likely to result in exaggerated pro-
duction of acylcarnitines, resulting in release of these inter-
mediates into the circulation [4]. In line with this, two recent
studies have shown a marked reduction in acylcarnitine
levels, particularly of those with intermediate chain length,
following reinstatement of euthyroidism in GD [5, 6].

GD is treated by anti-thyroid medication, radioiodine or
surgery and depending on treatment modality may be fol-
lowed by thyroid hormone replacement therapy [7]. Treat-
ment may result in excessive weight gain, which is a major
concern of the patient [8]. Hence, identification of those at
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high risk for excessive weight gain could identify patients
requiring supplementary life-style interventions.

Attempts have been made to predict weight regain using
anthropometric and clinical features [9]. Weight changes
prior to diagnosis, treatment, and length of follow up were
found to be the most significant risk factors associated with
weight gain [9]. Here, we examine if low baseline levels of
intermediate-chained acylcarnitines is a risk factor for
excessive weight gain in Swedish patients with GD. We
also examine whether changes in acylcarnitine levels
associate with weight gain following reinstatement of
euthyroidism.

Subjects and methods

Data on levels of nine intermediate-chained acylcarnitines,
anthropometric and clinical data were collected from a
previously published study [6]. Nineteen patients were
initially included. One patient was excluded due to lack of
BMI data. All patients were treated with methimazole
15mg twice daily and substituted with L-thyroxine to
reestablish euthyroidism (block and replace). The study was
registered in the Clinical Trials.gov protocol registration
system (NCT01458600).

Acylcarnitine data were log2-transformed and analyzed
using linear models (R 3.5/Bioconductor and the limma
package), adjusted for potential confounders. p-values were
corrected for multiple comparisons using the FDR method.
An adjusted p-value (¢) <0.05 was considered statistically
significant.

Results

Clinical data on the patients have previously been published
[6], and only some key results are summarized below. A
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Fig. 1 Alterations in BMI in individual patients following reestab-
lishment of euthyroidism

transition from hyperthyroidism to near euthyroidism was
achieved in all patients already at 3 months after initiation
of treatment. BMI was significantly increased at 3 months
and did not change at the 6 and 9 months follow up. BMI
increased in 16, was unaltered in one and reduced in one of
the 18 patients at the three months follow up (Fig. 1). The
initial BMI gain was lost in some of the patients at the
9 months visit. Twenty-two percent of the patients were
overweight at initiation of the study and by the 9 months
visit this fraction had increased to 33%. Data on each
individual patient is presented in Supplemental Table 1.
We could not find a significant association between
baseline levels of acylcarnitines and weight changes at 3, 6,
and 9 months after initiation of the treatment. However,
alterations in 6 out of the 10 detected intermediate-chained
acylcarnitines (8:0, 10:0, 10:1, 12:0, 12:1, and 14:2) asso-
ciated with changes in BMI observed at the 3 months visit
(g <0.05) (Table 1). Associations remained after adjustment
for age, sex, baseline BMI and TSH or T4. However,
associations were lost after adjustment for baseline T3, or
changes in T3 between baseline and the 3 months visit. No
significant association was found between alterations in
acylcarnitines and BMI at the 6 and 9 months follow up.

Discussion

Reinstatement of euthyroidism in patients with GD is
associated with a highly individual weight gain, which may
normalize BMI but also increase it above premorbid levels
[9]. In our study, the prevalence of overweight was low at
baseline and then approached the reported prevalence in
Sweden (45% in women [10]) at the 9 months visit. We
could not find an association between baseline BMI and
alterations in BMI at follow ups, which is in line with a

Table 1 Associations between alterations in acylcarnitine levels and
BMI between baseline and the three months follow up

Unadjusted Adjusted® Adjusted®
Acylcarnitine® Beta ¢ Beta ¢ Beta ¢
8:0 —-0.69 0.036 —-0.92 0.0077 -0.91 0.0090
8:1 —0.22 NS —0.42 NS —0.43 NS
10:0 —0.68 0.036 —0.94 0.0077 —-0.94 0.0090
10:1 —0.66 0.036 —0.85 0.0087 —0.83 0.011
10:2 —-0.54 0.051 -0.67 0.029 —0.66 0.032
12:0 —-0.59 0.044 —-0.80 0.012 —-0.79 0.014
12:1 —0.63 0.038 —0.85 0.0087 —0.83 0.011
14:0 —0.16 NS —-0.27 NS —0.26 NS
14:1 —0.50 0.065 —-0.63 0.035 —0.61 0.044
14:2 —-0.57 0.045 -0.72 0.021 —-0.70  0.027

NS not significant

#Acylcarnitines are named by their carbon number: number of
unsaturations

bAdjusted for age, sex, and baseline BMI
“Adjusted for age, sex, baseline BMI, and baseline TSH

previous study that only showed a tendency of such an
association in a much larger sample [9]. Although most
international guidelines recommend titration of thyrostatics
as first line treatment, the block and replace approach was
used in the present study, to rapidly take control of the
thyrotoxicosis.

Instead, we hypothesized that baseline levels of medium-
chained acylcarntines reflect adaptation of metabolism to
the hyperthyroid state and that reinstatement of euthyroid-
ism may overcompensate the metabolic perturbation in
some individuals. To test this hypothesis, we investigated if
baseline levels of intermediate-chained acylcarnitines
associated with weight regain after reestablishment of
euthyroidism. Whereas no such association could be pro-
ven, our data instead showed a clear negative association
between alterations in levels of several acylcarnitines and
changes in BMI between baseline and 3 months follow up.
Our findings are supported by previous studies revealing
increased plasma acylcarnitine levels after a weight loss
intervention [11]. However, as obesity has been associated
with increased levels of these fatty acid oxidation products
[12], these results are likely to reflect an anabolic and
catabolic state, respectively. Evidently, a smaller decrease
in acylcarnitine levels, reflecting a maintained high rate of
lipid oxidation, is expected to result in a smaller weight
gain. The association was lost at the two consecutive visits,
which may be explained by changes in life-style factors as a
reaction to the initial weight gain. However, dose adjust-
ment of L-thyroxin may also have an impact on the increase
in weight. Limitations of the present study include lack of
premorbid BMI data and the relatively small sample size.
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Our analysis of acylcarnitines employs a relative quantifi-
cation, and we do not know whether post-treatment levels
reach levels observed in the healthy population.

In conclusion, alterations in acylcarnitine levels may be
associated with changes in BMI in GD. In our study base-
line levels of intermediate-chained acylcarnitines were not
associated with treatment elicited increase in BMI. Hence,
further research is required to identify markers of excessive
weight gain, which would enable identification of patients at
risk who would benefit from life-style interventions.
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