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ORIGINAL ARTICLE

Plasma branched chain amino acids are lower in short-term profound
hypothyroidism and increase in response to thyroid hormone supplementation

Trynke van der Booma,b , Eke G. Gruppenb,c, Joop D. Lefrandtb, Margery A. Connellyd, Thera P. Linksb and
Robin P.F Dullaartb

aDepartment of Vascular Medicine, University of Groningen, University Medical Center, Groningen, The Netherlands; bDepartment of
Endocrinology, University of Groningen, University Medical Center, Groningen, The Netherlands; cDepartment of Nephrology, University of
Groningen, University Medical Center, Groningen, The Netherlands; dLaboratory Corporation of America Holdings (LabCorp), Morrisville,
NC, USA

ABSTRACT
Branched chain amino acids (BCAA) are implicated in the pathogenesis of cardiometabolic diseases
conceivably by affecting insulin resistance and mitochondrial dysfunction. Circulating BCAA levels may
predict (subclinical) atherosclerosis, diabetes and hypertension development but the factors involved
in BCAA regulation are incompletely understood. Given the key role of thyroid hormones on many
metabolic processes including protein metabolism, we aimed to determine effects of thyroid dysfunc-
tion on circulating BCAA. Effects of short-term profound hypothyroidism on plasma BCAA were deter-
mined in 17 patients who had undergone total thyroidectomy for differentiated thyroid carcinoma.
Patients were studied during hypothyroidism, i.e. after thyroidectomy, and after thyroid hormone sup-
plementation. Plasma BCAA (sum of valine, leucine and isoleucine) and alanine were measured by
nuclear magnetic resonance spectroscopy. During hypothyroidism (median thyroid-stimulating hor-
mone 81 (IQR 67–120.5) mU/L), plasma BCAA were lower (255 (IQR 222–289) mmol/L) compared to a
euthyroid reference population (n¼ 5579; 377mmol/L (2.5th to 97.5th percentile 258–548), p< 0.001).
After 20weeks of thyroid hormone supplementation (thyroid-stimulating hormone 0.03 (IQR
0.01–0.14mU/L) plasma BCAA had increased (328 (IQR 272–392) mmol/L, p¼ .001), but plasma alanine
concentrations were unaltered (p¼ .50). Changes in body weight in response to thyroid hormone sup-
plementation were correlated with changes in plasma BCAA (r¼ 0.721 p¼ .001, but not with changes
in cholesterol or glucose (p> .80). In conclusion, plasma BCAA concentrations are lower during short-
term profound hypothyroidism in humans, and increase in response to thyroid hormone supplementa-
tion. Changes in BCAA and in body weight after reversal of the hypothyroid state appear to be
interrelated.

Abbreviations: BCAA: branched chain amino acids; BMI: body mass index; CV: coefficient of variation;
DTC: differentiated thyroid carcinoma; FT4: free thyroxine; IQR: interquartile range; NMR: nuclear mag-
netic resonance; NTR: Netherlands Trial Register; STROBE: Strengthening the Reporting of
Observational Studies in Epidemiology; TSH: thyroid stimulating hormone.
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Introduction

Branched chain amino acids (BCAA) are non-linear ali-
phatic side-chain containing amino acids and include the
essential amino acids valine, leucine and isoleucine [1].
Evidence has accumulated recently that BCAA are not only
required for protein synthesis but may also have a critical
role in intracellular metabolism with adverse consequences
for insulin resistance and mitochondrial dysfunction [2,3].
Plasma BCAA levels correlate positively with insulin resist-
ance [4] and are increased in the metabolic syndrome [1].
Furthermore, plasma BCAA levels may predict (subclinical)
atherosclerotic cardiovascular disease as well as the develop-
ment of type 2 diabetes mellitus and hypertension [1,5–7].

Thyroid dysfunction has profound effects on cellular
metabolism with adverse effects on the cardiovascular sys-
tem [8,9]. Thyroid dysfunction also has adverse effects on
glucose homeostasis and may predict the development of
Type 2 diabetes mellitus [10]. Notably, hypothyroidism was
shown to impair the endogenous rate of appearance, oxida-
tion and non-oxidative disposal of the amino acid leucine,
indicating that thyroid function status plays a role in protein
metabolism [11]. Mild hyperthyroidism, on the other hand,
may increase leucine flux, suggestive of accelerated protein
degradation [12].

Collectively, these data underline that it is relevant to
determine whether hypothyroidism affects circulating BCAA
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levels. Hypothyroidism consequent to total thyroidectomy
for differentiated thyroid carcinoma offers a unique condi-
tion to investigate the effects of short-term profound hypo-
thyroidism on circulating biomarkers in humans as
evidenced by robust effects on lipoprotein metabolism and
energy expenditure [13–15]. No data are currently available
regarding the possible effect of thyroid dysfunction on
plasma BCAA regulation.

The present study was, therefore, initiated to determine
reversible effects of short-term profound hypothyroidism
consequent of total thyroidectomy for differentiated thyroid
carcinoma on plasma BCAA levels.

Materials and methods

Participants and study design

Reporting of this study follows the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines [16]. This observational study was per-
formed among patients with differentiated thyroid carcin-
oma (DTC). Newly diagnosed DTC patients (18–75 years
old) were eligible to participate in the study. Pregnant
woman and patients with cerebrovascular/coronary events,
atrial fibrillation or heart failure were not allowed to partici-
pate. We also excluded subjects with suspected distant meta-
stases. The study was approved by the Medical Ethics
Committee of the University Medical Center Groningen
(registration number 2015/116). This study was registered at
the Netherlands Trial Register (NTR ID 7228). All partici-
pants gave written informed consent.

This study comprised two outpatient study visits. The
first study visit took place under circumstances of severe
short-term hypothyroidism, i.e. 4–6weeks after total or
completing thyroidectomy (the latter when a hemithyroidec-
tomy was performed initially) at the day before ablative
radioactive iodine treatment. This procedure was performed
at high thyroid-stimulating hormone (TSH) levels to
enhance uptake of radioactive iodine in any potentially
remaining thyroid tissue. Shortly after radioactive iodine
treatment, liothyronine (n¼ 13; 75 mg daily) or levothyrox-
ine (n¼ 4; 150–200mg daily) supplementation was started,
aimed to achieve TSH suppression. All study measurements
were repeated after 20weeks of thyroid hormone supple-
mentation. This treatment protocol followed Dutch guide-
lines of DTC treatment [17].

At both study visits, height (m), weight (kg), blood pres-
sure (mmHg) and heart rate (bpm) were measured. Body
mass index (BMI) was calculated as weight divided by
length squared (kg/m2). Venous blood was obtained after an
overnight fast.

To compare laboratory data of the study population with
the general North European population a set of reference
intervals for plasma total BCAA, valine, leucine and isoleu-
cine was obtained from the PREVEND cohort (second
screening round, 2001–2003) [18]. We selected individuals
without a history of thyroid disease with a TSH level
(0.27–4.2mU/L), a free thyroxine (fT4) level (12–22 pmol/L)
and a free triiodothyronine (fT3 3.1–6.8 pmol/L) each within

the euthyroid reference range [15]. Additional exclusion cri-
teria for this reference population were the use of thyroid
hormones, anti-thyroid drugs, amiodarone or lithium car-
bonate [15]. This population consisted of 5579 subjects
(2889 [52%] men and 2690 [48%] women) with a median
age of 53 (interquartile range [IQR] 43–62) years. Of these,
316 (5.7%) had type 2 diabetes (no insulin treatment), 333
(6.0%) had a previous history of cardiovascular disease,
1131 (20.2%) used anti-hypertensive drugs and 489 (8.8%)
used lipid lowering drugs. In this reference, population TSH
was 1.57 (IQR 0.51–3.67) mU/L and fT4 was 15.7 (IQR
12.5–19.8) pmol/L.

Laboratory methods

Plasma glucose and total cholesterol were measured using
routine methods. TSH was assayed using the Roche
Modular E170 Analyzer (Roche Diagnostics, Mannheim,
Germany). Ethylenediaminetetraaceticacid dipotassium
(EDTA-K2) tubes were used to collect venous blood sam-
ples. Plasma samples were prepared by ultracentifugation
and were immmediately frozen at �80 �C. Plasma samples
were sent frozen to LipoScience/LabCorp (Morrisville, NC).
Valine, leucine, isoleucine and alanine concentrations were
measured using a Vantera Clinical Analyzer (LabCorp.,
Morrisville, NC), a fully automated, high-throughput,
400MHz proton (1H) nuclear magnetic resonance (NMR)
spectroscopy platform. Plasma samples were prepared on
board the instrument, and automatically delivered to the
flow probe in the NMR spectrometer’s magnetic field. The
validation of the use of NMR for quantification of BCAAs
has been described previously [1]. Total BCAA concentra-
tions were calculated as the sum of valine, leucine and iso-
leucine. Coefficients of variation for inter- and intra-assay
precision range from 1.8 to 6.0, 1.7 to 5.4, 4.4 to 9.1, 8.8 to
21.3% and 1.3 to 2.8%, for plasma total BCAA, valine, leu-
cine, isoleucine and alanine, respectively. In another data set
we have previously documented that BCAA quantified from
the same samples using NMR and liquid chromatography-
mass spectrometry/mass spectrometry are highly correlated
(r2¼ 0.97, 0.95 and 0.90 for valine, leucine and isoleucine)
[1]. BCAA and alanine were assayed in one run. Total vari-
ability of BCAA (biological variability plus assay variability)
was determined in 18 healthy subjects of whom fasting ven-
ous blood was obtained in the fasting state between 8 and
10 a.m. during five consecutive weeks and amounted to
11.8%. Similar laboratory methods for measurement of
BCAAs were used for the DTC patients and the con-
trol population.

Statistical analysis

SPSS 23 (version 23.0, IBM Corp., Armonk, NY) was used
for data analysis. Data were presented as the median (IQR),
and categorical data in numbers and percentages. Reference
values in the euthyroid population-based PREVEND cohort
are given as median and 2.5th to 97.5th percentile. Changes
in variables between hypothyroidism and thyroid hormone
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supplementation were determined by paired samples
Wilcoxon signed rank tests. Comparison of plasma BCAA
with the reference population was done by Mann–Whitney
U tests. Relationships between changes in variables were
determined by Spearman rank correlation coefficients. Two-
sided p-values <0.05 were considered to be significant.

Results

Seventeen participants were included in this study. The
median age of the participants was 46 (IQR 36–50) years.
Sixteen participants were women (94%). Fourteen partici-
pants (82%) were diagnosed with papillary thyroid carcin-
oma, of which seven had lymph node metastases; the other
three (18%) were diagnosed with follicular thyroid carcin-
oma. None of the participants had distant metastases. The
most important medication prescription included insulin for
Type 1 diabetes in one participant, prednisolone 5mg daily,
previously diagnosed with polymyalgia rheumatica (dose
unchanged during follow-up) in another participant and
oral contraceptives in eight women. None of the participants
were current smokers and eight (47%) were former smokers.
Nine participants (53%) consumed alcohol. Their average
weekly intake of alcohol varied between 0.25 and 8 drinks,
and was unchanged during the follow-up period.

At hypothyroidism median, TSH was 81.0 (IQR
67.0� 120.5) mU/L and fT4 was 2.3 (IQR 1.7� 3.5) pmol/L,
whereas TSH had decreased to 0.03 (IQR 0.01� 0.14) mU/L
with thyroid hormone supplementation (p< 0.001). Clinical
and laboratory variables are shown in Table 1. Pulse rate
was lower, whereas body weight was higher during hypothy-
roidism. Hypothyroidism also resulted in a higher plasma
total cholesterol and a lower plasma glucose (Table 1).
Plasma total BCAA, valine, leucine and isoleucine were each
lower during hypothyroidism than the values found in the
reference population (total BCAA 377 (258–548) mmol/L;
valine 209 (143–290) mmol/L; leucine 126 (81–193) mmol/L;
isoleucine 43 (18–80) mmol/L (p� 0.001 for each). After
thyroid hormone supplementation, plasma total BCAA had
increased which was due to a significant increase in valine
and isoleucine (Table 1). Notably, the plasma alanine con-
centration was not different from its value in the reference

population (321 (197-486) mmol/L; p¼ .30) and remained
virtually unaltered during hypothyroidism (p¼ .50).

Changes in body weight after thyroid hormone supplemen-
tation were correlated with changes in plasma total BCAA
(r¼ 0.721, p¼ .001; Figure 1). Changes in plasma glucose and
cholesterol were unrelated to changes in plasma total BCAA
(r¼ 0.011, p¼ .97 and r¼ 0.046, p¼ .86, respectively).

Discussion

The present preliminary study shows for the first time that
plasma concentrations of BCAA are lower during short-
term profound hypothyroidism as compared to levels
obtained from a large euthyroid reference population.
Twenty weeks of thyroid hormone supplementation, result-
ing in low-range TSH levels, significantly increased plasma
total BCAA which was due to increases in valine, the most
abundant BCAA, and in isoleucine. On the other hand,
plasma levels of the amino acid alanine, a non BCAA, were
not decreased during hypothyroidism and did not change
after thyroid hormone supplementation. We, therefore, sug-
gest that thyroid function status may affect circulating
BCAA levels.

Table 1. Clinical and laboratory variable of 17 patients with differentiated thyroid carcinoma during hypothyroidism and after 20 weeks
of thyroid hormone supplementation.

Parameter
Hypothyroidism

TSH range 59–371mU/L
Thyroid hormone supplementation

TSH range 0.01–2.15mU/L p Value

Systolic blood pressure (mmHg) 125 (117–140) 128 (115–141) .780
Diastolic blood pressure (mmHg) 83 (76–93) 80 (74–88) .097
Pulse rate (bpm) 66 (60–70) 76 (71–80) .016
Weight (kg) 79.9 (68.5–93.5) 77.9 (66.3–92.6) .015
Body mass index (kg/m2) 26.5 (24.8–29.1) 25.8 (24.1–28.5) .014
Total cholesterol (mmol/L) 7.4 (6.5–8.6) 4.5 (3.9–5.2) <.001
Glucose (mmol/L) 5.0 (4.8–5.8) 5.5 (5.1–5.7) .008
Total BCAA (mmol/L) 255 (222–289) 328 (272–392) .001
Valine (mmol/L) 138 (117–160) 195 (167–215) <.001
Leucine (mmol/L) 83 (64–107) 97 (81–112) .270
Isoleucine (mmol/L) 29 (24–42) 46 (31–56) .028
Alanine (mmol/L) 295 (262–354) 302 (271–339) .500

Data in median (Interquartile range). Statistical comparisons were done by paired samples Wilcoxon Signed Rank Tests. BCAA: branched-
chain amino acids.

Figure 1. Correlation between changes in body weight and changes in plasma-
branched chain amino acids (BCAA). Legend: changes are determined as the
value during thyroid hormone supplementation minus the value during hypo-
thyroidism. Spearman rank correlation coefficient: r¼ 0.721, p¼ .001.
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Proteolysis is likely to be impaired in hypothyroidism,
whereas protein breakdown is accelerated in hyperthyroid-
ism [11,19]. Moreover, thyroid hormones may inhibit cellu-
lar amino acid uptake in vitro [20]. Such mechanisms may
be involved in plasma BCAA alterations during hypothy-
roidism. Additionally, yet to be more precisely determined
effects of thyroid hormone status on BCAA regulation could
also involve alterations in the gut microbiome which is a
recently recognized important determinant of BCAA bio-
availability [19,21]. Of potential interest, we did not observe
a change in plasma alanine during hypothyroidism. Mild
hyperthyroidism did not affect alanine flux, contrasting
effects on leucine turnover [12]. However, the specificity of
hypothyroidism to decrease plasma total BCAA (and the
individual amino acids valine and isoleucine) as compared
to other amino acids remains to be more precisely
established.

Body weight expectedly decreased during thyroid hor-
mone supplementation in the current study in line with a
reservable decrease in energy expenditure during hypothy-
roidism [12]. Paradoxically, a positive correlation between
changes in plasma BCAA and changes in bodyweight in
response to thyroid hormone supplementation was observed.
In contrast, the anticipated decreases in plasma total choles-
terol [11,12] and the modest increases in glucose after rever-
sal of hypothyroidism were unrelated to changes in BCAA.
Combined, these findings suggest that body weight, plasma
lipids, glucose and BCAA regulation are at least in part dif-
ferently affected by thyroid dysfunction. The mechanisms
responsible for the interrelationship between changes in
body weight and changes in plasma BCAA await fur-
ther study.

The current study has limitations that need to be ascer-
tained. In line with previous reports that made use of pro-
found hypothyroidism after total thyroidectomy for DCT, a
rather small group of subjects participated in this study
[13–15]. In agreement with these earlier reports [13,14],
plasma cholesterol was profoundly elevated during hypothy-
roidism, as compared with its concentration during thyroid
hormone supplementation. Furthermore, most participants
were women, limiting extrapolation of our findings to both
sexes. As we followed the Dutch guidelines for DCT man-
agement [17,22], we could not include a control group of
prolonged untreated hypothyroidism. However, plasma
BCAA and alanine levels during hypothyroidism were com-
pared with a large euthyroid reference group from the same
region of The Netherlands. Moreover, variations in plasma
BCAA over time, measured in a separate euthyroid control
group, appeared to be smaller than the changes found in
response to thyroid hormone supplementation.

Conclusion

The plasma total BCAA concentration is lower during
short-term profound hypothyroidism in humans. BCAA and
body weight changes after reversal of the hypothyroid state
appear to be interrelated. From a clinical perspective, we
propose the thyroid dysfunction should be taken into

account when evaluating the effects of BCAA on cardiome-
tabolic disorders.
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