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Context: It is well established that subclinical hypothyroidism (SCH) is associated with mild cardiac dysfunc-
tion, but it is unknown whether there is an underlying impairment of cardiac bioenergetic function.

Objective: The objective of the study was to quantify the cardiac phosphocreatine to adenosine
triphosphate ratio (PCr to ATP) in SCH, compared with healthy controls, and to measure the effect
of 6 months of levothyroxine treatment.

Design and Setting: This was a 6-month, prospective, case-controlled interventional study.

Participants and Main Outcome Measures: The PCr to ATP ratio was measured using phospho-
rus-31 magnetic resonance spectroscopy in subjects with SCH at baseline and after levothyroxine
therapy (1.6 �g/kg�d) and compared with age- and gender-matched euthyroid controls. All subjects
were free of overt heart disease.

Results: Twenty-one subjects with SCH (normal free T4 and serum TSH between 4.1 and 10 mIU/L)
and 17 controls were matched for age (mean age 40.5 vs 43.3 y) and sex (females 81% vs 82%) but
differed in mean TSH (6.5 vs 2.1 mIU/L, P � .001). At baseline the mean (�SD) PCr to ATP ratio in
SCH was lower than in controls (1.80 � 0.26 vs 2.07 � 0.20, P � .001). In the 16 subjects studied after
levothyroxine treatment, the PCr to ATP ratio improved (from 1.74 � 0.24 to 1.91 � 0.26, P � .004)
and approached controls (borderline loss of significance, P � .051). On multivariate analysis, SCH
was independently associated with a reduced PCr to ATP ratio, even after adjusting for confound-
ing variables (body mass index and fasting glucose) (P � .001).

Conclusion: Our results demonstrate early cardiac bioenergetic impairment in SCH, which is re-
versible with levothyroxine therapy. This mechanistic insight provides justification for longitudinal
trials to determine whether improvement in bioenergetic function improves cardiovascular
outcome. (J Clin Endocrinol Metab 100: E607–E610, 2015)

Subclinical hypothyroidism (SCH) is defined as a con-
dition in which serum TSH is raised with normal

serum free thyroxine (FT4). It is an early manifestation of
thyroid underactivity. SCH is a common medical condi-
tion, and its prevalence in the general population has been
estimated at between 4% and 10%, depending on the pop-
ulation studied (1).

Thyroid hormones have a significant effect on cardio-
vascular function (2). SCH has been associated with re-
versible impairment in cardiac function (3). The mecha-
nism leading to cardiac dysfunction in SCH is poorly
understood. The cardiac phosphocreatine (PCr) acts as a
shuttle between myocardial sarcoplasm and mitochondria
for transferring energy, which is used for myocardial con-
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traction and relaxation (4). The cardiac phosphocreatine
to ATP (PCr to ATP) ratio, as measured by phosphorus-31
magnetic resonance spectroscopy (MRS), has been shown
to be a good indicator of myocardial bioenergetic status
(5). Although largely used as a research modality, the PCr
to ATP ratio has been shown to be predictive of mortality
in dilated cardiomyopathy (6). Low PCr to ATP ratio has
been associated with ischemic heart disease and heart fail-
ure (5), and this has been postulated as the mechanism for
cardiac dysfunction in diseases affecting myocardium (7).

Thyroid hormones significantly influence cardiac mi-
tochondrial function (8), and abnormal myocardial bio-
energetics in hypothyroidism have been shown in animal
studies (9). In humans, hypothyroidism has been associ-
ated with abnormal skeletal muscle energetic metabolism
(10). The myocardial bioenergetics in patients with hypo-
thyroidism have not been studied before. We hypothesized
that patients with SCH would have abnormal cardiac bio-
energetics that are reversible with treatment. This may
explain the mechanism of cardiac dysfunction in SCH.
The primary aim of our study was to quantify the cardiac
PCr to ATP ratio in patients with SCH and compare this
with age- and gender-matched euthyroid controls. Our
secondary aim was to determine whether 6 months of levo-
thyroxine treatment led to measurable changes in the car-
diac PCr to ATP ratio in patients with SCH.

Materials and Methodology

The study design involved comparison of cardiac magnetic reso-
nance (MR) spectroscopic data at baseline between patients with
SCH and those of age- and gender-matched euthyroid controls.
Patients were then treated with levothyroxine for 6 months to ren-
der them euthyroid, and repeat cardiac MR spectroscopy was per-
formed, looking for changes in the cardiac PCr to ATP ratio.

Subjects
Patients with known SCH were recruited from primary and

secondary care clinics. The inclusion criteria were age 18–65
years, SCH with TSH between 4.1 and 10.0 mIU/L, normal free
T4 ( FT4 and TSH repeated 3 mo apart) and fatigue as one of the
symptoms. The subjects with previous overt thyroid disease or
known to have cardiovascular disease were excluded. The de-
tailed exclusion criteria are given in the online Supplemental
Materials. Age- and gender-matched euthyroid controls were
recruited from staff members of the research institute. This study
complied with the Declaration of Helsinki and had the approval
of the local Research Ethics Committee. Written informed con-
sent was obtained from all the participants.

Screening visit
After overnight fasting for 12 hours, the following blood sam-

ples were taken at the screening visit: free serum T4, free serum
T3, serum TSH, fasting blood glucose, fasting serum cholesterol,
liver function tests, creatinine, bone profile and full blood count.

The serum TSH, free T4 and free T3 were measured by Roche
Cobas e601 with the coefficient of variation below 5%. The
reference ranges for serum TSH, FT4, and free T3 were 0.4–4.0
mIU/L, 9–25 pmol/L, and 2.5–7.5 pmol/L, respectively. Cardiac
auscultation and 12-lead electrocardiography were performed to
exclude subjects with overt cardiac dysfunction. Height, weight,
and blood pressure (BP) were also measured.

Levothyroxine dosing and follow-up
After baseline MR scanning, all patients with SCH were

started on levothyroxine at a dose of 1.6 �g/kg�d. The levothy-
roxine dose titration was done on a 6-weekly basis for 6 months
with the aim to achieve a serum TSH in the range of 1–1.5 mIU/L.

Cardiac MR spectroscopy
Cardiac high-energy phosphate metabolism was assessed us-

ing 31P MRS. Data were collected using a 3T Intera Achieva
scanner (Philips) with a 10-cm diameter 31P surface coil
(Pulseteq) for transmission/reception of the signal. The detailed
methodology is provided in the online Supplemental Methods
and has also been previously published (11). The analysis of the
spectra was performed by one analyst (K.G.H.) blinded to the
thyroid status of the participants.

Statistics
A Student t test was used to compare data between patients

and controls at baseline and for comparison of patients’ data
before and after levothyroxine treatment, respectively. Pearson
correlation analysis was used to find association between vari-
ables. The age and body mass index (BMI) data were log trans-
formed for correlation analysis because these were not normally
distributed. After combining both SCH and HC groups, a linear
regression analysis was performed using cardiac PCr to ATP
ratio as the dependent variable and thyroid status, BMI, and
fasting blood glucose as the covariates. The statistical software
SPSS 19.0 for Windows (SPSS) was used for analysis.

Results

Of 21 patients who were recruited, two patients subse-
quently dropped out of the study (due to personal rea-
sons), two had poor-quality spectra on the posttreatment
MRS scan, and one patient was overreplaced with levo-
thyroxine. Therefore, the data were successfully acquired
for 16 patients on levothyroxine replacement (the post-
treatment SCH group). Of 20 controls, 17 had good-qual-
ity spectra that were included in the final analysis, and the
remaining three subjects had poor-quality spectra, which
were excluded from the study. Rejection of spectra was
based on inadequate signal to noise to fit any or all of PCr,
the �-resonance of ATP or 2,3-diphosphoglycerate.

The baseline characteristics of the SCH and controls
groups are provided in Table 1. Both groups were matched
for gender distribution, age, heart rate, BP, and fasting blood
cholesterol and not for BMI and fasting blood glucose. The
mean dose of levothyroxine was 102.3 (�28.5) �g/d. The
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mean serum TSH and FT4 levels at the end of the study were
2.0 � 1.0 mIU/L and 19.0 � 2.4 pmol/L, respectively.

The cardiac PCr to ATP ratio in patients with SCH at
baseline was significantly lower than in controls (1.80 �
0.26 vs 2.07 � 0.2, P � .001) (Figure 1). After treatment
with levothyroxine, the ratio improved significantly (n �
16) (1.74 � 0.24 at baseline vs 1.91 � 0.26, P � .004).
Figure 1 also shows that the cardiac PCr to ATP ratio in
SCH approached the level found in controls after levo-
thyroxine treatment with borderline loss of significance
(controls vs SCH after treatment, P � .051).

In the SCH group, the cardiac PCr to ATP ratio did not
correlate with baseline FT4, free T3, serum TSH, BMI, BP,
serum cholesterol, or fasting blood glucose (data not
shown). In a multiple regression analysis, subclinical hy-
pothyroidism was a negative predictor for cardiac PCr to
ATP ratio independent of other variables [odds ratio (OR)
0.30, 95% confidence interval (CI) 0.12–0.47, P � .001)].
The BMI and fasting blood glucose were not independent
predictors of cardiac PCr to ATP ratio (OR 0.01, 95% CI
0.01–0.02, P � 0.28, and OR 0.17, 95% CI 0.02–0.036,
P � 0.08, respectively).

Discussion

Ourresultsshowforthefirst timethatthecardiacPCrtoATP
ratio is reduced in patients with SCH and improves signifi-
cantly after 6 months of treatment with levothyroxine. Our
findings strengthen the results of previous studies assessing
cardiac function in SCH by furthering our understanding of
the bioenergetic basis of myocardial dysfunction.

Thyroid hormones affect cardiac function in many ways.
They increase cardiac output by improving cardiac ionot-
ropy and chronotropy (12). At a molecular level, thyroid
hormones positively regulate gene encoding for �-myosin
heavy chain and �-adrenergic receptors via genomic actions
(12). Work on the role of thyroid hormone in cardiac mito-
chondrial function has shown that thyroid hormones stim-
ulate cardiac mitochondrial biogenesis and oxidative phos-
phorylation (8).Therefore, it ispossible thathypothyroidism
directly lead to low cardiac PCr to ATP ratio, which might
contribute toward abnormal cardiac function. Abnormal
myocardial energetics have been correlated with impaired
ventricular function in patients with type 2 diabetes, and
proposed mechanisms include impaired relaxation of car-

diac myocytes due to reduced calcium
sequestration in cardiac sarcoplasmic
reticulum (7). It is also possible that
peripheral hemodynamic changes in
hypothyroidism cause abnormal car-
diac bioenergetics, which improved
with levothyroxine treatment. Hence,
it is unclear at this stage whether ab-
normal bioenergetics was the cause
or consequence of hemodynamic
changes in hypothyroidism.

In SCH patients with serum TSH
between 4.1 and 10 mIU/L, the treat-
ment benefits are uncertain (13), but
surrogate markers of cardiac dysfunc-
tion like isovolumic relaxation time
have been shown to improve with

Figure 1. The comparison of cardiac PCr to ATP ratio between controls (n � 17) and SCH (n � 21)
(baseline) groups (*, P � .001) and controls and SCH after treatment groups (n � 16) (†, P � .051).

Table 1. Baseline Characteristics of Patients With SCH Compared With Controls

Characteristic
SCH
(n � 21) Mean (�SD)

Controls
(n � 17) Mean (�SD)

P
Value

Age, y 40.5 (�12.0) 43.3 (�13.2) .50
Women, n, % of n 17 (81) 14 (82) .91
BMI, kg/m2 28.9 (�5.8) 24.7 (�4.8) .02
Blood pressure, mm Hg 122/74 (�17/9) 121/75 (�20/11) .84
Heart rate, beats/min 68 (�7) 64 (�9) .12
Fasting blood glucose, mmol/L 5.0 (�0.4) 4.7 (�0.5) .02
Serum total cholesterol, mmol/L 5.5 (�1.1) 5.4 (�0.8) .63
Serum TSH, mIU/L 6.5 (�1.7) 2.1 (�0.9) .00
Serum free T4, pmol/L 13.6 (�1.3) 14.4 (�1.3) .92
Serum free T3, pmol/L 5.2 (�0.7) 4.4 (�0.8) .04
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levothyroxine treatment (14). Inaddition,a recent retrospec-
tive data analysis has shown that levothyroxine therapy im-
proved cardiovascular outcomes in younger patients with
SCH (15). Our study adds to the evidence that even with
serum TSH below 10 mIU/L, reversible cardiac dysfunction
as manifested by abnormal PCr to ATP ratio can be
demonstrated.

Our patients with SCH had higher fasting blood glu-
cose and free T3 levels than controls, but these were well
within normal ranges. Although the SCH subjects had
higher BMI than the controls, previous work has shown
no effect of this degree of BMI difference on PCr to ATP
ratio (16, 17). At baseline, we found no relationship be-
tween BMI, fasting glucose, serum FT4, and PCr to ATP
ratio in our study. The BMI and fasting blood glucose were
not measured at the end of the study and hence unable to
clarify whether this would have influenced the PCr to ATP
ratio at the end of the study. The lack of correlation be-
tween thyroid hormones and cardiac PCr to ATP ratio
may be due to small number of participants in the study.
However, a regression analysis showed that SCH is a neg-
ative predictor of PCr to ATP ratio after adjusting for
other potential confounding variables. The limitations of
the study include small sample size, lack of assessment of
ventricular functional parameters, and lack of clinical out-
comes. Because this study was designed as a proof of con-
cept, we did not include a placebo arm for the SCH group.
However, a previous animal study with placebo-con-
trolled design have shown improvement in cardiac PCr to
ATP ratio after iv T3 infusions in the hypothyroid state (9).
In that study, the cardiac PCr to ATP ratio did not increase
after placebo infusions in hypothyroid state or T3 infu-
sions in the euthyroid state. These findings show that the
thyroid hormones modulate myocardial energetics in hy-
pothyroidism in vivo.

In summary, our study has shown that the cardiac PCr
to ATP ratio is low in SCH, and it has increased with
levothyroxine treatment. This might be due to the direct
effect of mild thyroid hormone deficiency. This proof-of-
concept study may provide further mechanistic insight
into the bioenergetic basis of cardiac dysfunction seen in
SCH. It is important to measure hemodynamic parameters
and clinical end points to evaluate the clinical significance
of abnormal bioenergetics in SCH. Larger randomized
controlled studies with hemodynamic measurements and
clinical end points are required to investigate whether an
improvement in myocardial energetic function translates
into the clinical benefits in SCH.
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