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Abstract

Context: Although coronary flow reserve (CFR) is reduced in patients with subclinical hypothyroidism
(SHypo), the endothelial response of coronary vasomotion has never been explored in this clinical
setting.
Objective: To investigate the endothelial response of coronary flow in young and middle-aged patients
with SHypo, without associated cardiovascular risk factors compared with healthy control subjects.
Patients and methods: The study population consisted of 20 women (mean age 38.4C12.1 years)
with newly diagnosed, untreated and persistent SHypo due to Hashimoto’s thyroiditis. A total of 15
volunteers served as controls. Age, gender, body surface area, glucose, insulin levels, heart rate,
systolic, diastolic, and mean blood pressure were similar in patients and controls. Body mass index was
significantly higher in SHypo patients. Total cholesterol and low-density lipoprotein cholesterol,
despite not significant, tended to be higher, and high-density lipoprotein cholesterol to be lower in
SHypo. Coronary blood flow velocities were recorded in patients at rest and after the cold pressor test
(CPT), a stimulus that can be considered totally endothelium-dependent. CFR was calculated as the
ratio of hyperemic-to-resting diastolic peak velocities.
Results: Coronary diastolic peak velocities at rest did not differ between the two groups but were
significantly lower after CPT in patients with SHypo, thereby resulting in a lower CFR. The difference
remained significant after adjusting resting and CPT velocities for the respective mean blood pressures.
TSH was inversely correlated with CFR in the pooled population.
Conclusion: Patients with SHypo without associated cardiovascular risk factors have a coronary
endothelial dysfunction that appears in response to a physiological stimulus (the CPT).

European Journal of Endocrinology 161 323–329
Introduction

Endothelial dysfunction is an important, early, and
reversible feature of atherogenesis (1, 2). There is
evidence of endothelial dysfunction of peripheral
vasculature in patients affected by overt or subclinical
hypothyroidism (SHypo) (3–6). Moreover, serum thyroid-
stimulating hormone (TSH) levels have been found to
be inversely correlated with endothelium-dependent
dilatation (4). Endothelial dysfunction in patients with
SHypo has been attributed to reduced nitric oxide (NO)
availability when vascular reactivity was assessed with
the perfused forearm technique (5). In this clinical
setting, the alteration seemed to be only partially related
to the degree of dyslipidemia and to other athero-
sclerotic risk factors (5, 6).

Non-invasive transthoracic ultrasound imaging of
coronary blood flow is increasingly being used to
identify derangements of coronary microcirculation at
the level of coronary flow in the absence of epicardial
ndocrinology
coronary stenosis (7, 8). Pharmacological hyperemic
vasodilatation induced by adenosine or dipyridamole is
a reliable and highly reproducible technique with which
coronary flow reserve (CFR) is evaluated by Doppler
echocardiography (9, 10).

Only two studies have previously evaluated CFR in
young and middle-aged patients with SHypo (11, 12).
In the first study, in which adenosine was used as
stressor, CFR was lower in overt or SHypo than in a
control euthyroid group (11). In the second study,
dipyridamole infusion induced a similar reduction of
hyperemic coronary flow, and thus of CFR, in patients
with SHypo and in normal subjects (12). It is
noteworthy that both adenosine and dipyridamole
induce a hyperemic stimulus that relaxes vascular
smooth muscle cells in a fashion only partially
dependent on endothelial function (13).

CFR can be measured also with the cold pressor test
(CPT), which is a well validated, sympathetic stimulus
able to induce hyperemic vasodilation that depends
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totally on the endothelial release of NO (14, 15). Under
normal conditions, a-adrenergically mediated CPT
vascular smooth muscle vasoconstriction is counter-
acted by subsequent ‘reactive’ hyperemia-induced
endothelium-dependent vasodilation. When the bio-
availability of NO is reduced, the vasoconstrictor effect
prevails and coronary blood flow does not increase or
may even decrease despite the increase of cardiac work
expressed as rate-pressure product. Endothelial dysfunc-
tion has a negative prognostic impact on the long-term
outcome of coronary heart disease (16).

The present study was designed to investigate the
endothelial response of coronary flow in young and
middle-aged patients with persistent SHypo without
associated cardiovascular risk factors (i.e. obesity,
dyslipidemia, arterial hypertension, diabetes mellitus,
or hyperinsulinemia) compared with healthy control
subjects.
Methods

Study population

The study population consisted of 20 women (mean age
38.4G12) with newly diagnosed, never treated,
persistent SHypo. These patients were undergoing
monitoring in our ambulatory service for euthyroid
Hashimoto’s thyroiditis, diagnosed by a positive test for
serum anti-thyroid peroxidase antibodies and thyroid
Doppler ultrasound. They later developed mild thyroid
hormone deficiency (about 8–12 months before our
study). SHypo was diagnosed on the basis of persistent
TSH increase with free thyroid hormones within the
normal range. Patients entered the study only if they
had stable SHypo (as demonstrated by two thyroid
hormonal profiles). A total of 15 healthy euthyroid
volunteers recruited among the staff and their relatives
of our departments served as controls. All participants
gave their informed consent to the study, which was
approved by the Ethics Committee of Federico II
University Hospital of Naples.

None of the subjects had any systemic disease.
Patients and healthy controls had a sedentary lifestyle;
none had a history of arterial hypertension, diabetes
mellitus coronary artery disease, valvular or congenital
heart disease, cardiac rhythm abnormalities, hepatic or
renal disorders, or a family history of coronary artery
disease. None received any kind of medication. Subjects
were also excluded from the study if they were smokers
or had used any vasoconstrictive drugs. Moreover, we
excluded patients with clear-cut obesity defined by body
mass index (BMI) R30 mg/m2 and dyslipidemia. Lipid
metabolism abnormalities were diagnosed when total
cholesterol was O5.2 mmol/l (200 mg/dl), low-density
lipoprotein (LDL) cholesterol was O4.14 mmol/l
(160 mg/dl), high-density lipoprotein (HDL) cholesterol
www.eje-online.org
was !0.9 mmol/l (35 mg/dl), or triglycerides were
O1.8 mmol/l (160 mg/dl).

Coronary artery disease was excluded on the basis of
the clinical history plus a negative maximal exercise
(treadmill) electrocardiography (ECG) test. All partici-
pants abstained from caffeine-containing drinks for at
least 12 h before the tests.
Assessment of thyroid status

All blood samples for circulating serum free tri-
iodothyronine (FT3), FT4, anti-Tg, anti-TPO, and TSH
were collected from the antecubital vein between
0800 and 0900 h after an overnight fast. TSH levels
were measured with the electrochemiluminescence
immunoassay (ECLIA; Elecsys and Cobas analyzers,
Roche Diagnostics), which has a sensitivity of
0.005 mIU/l or less, and the normal range was
0.27–4.2 mIU/l. Serum FT3 and FT4 were also measured
with the ECLIA. Sensitivities were !0.400 pmol/l and
!0.300 pmol/l for FT3 and FT4 respectively. The normal
ranges were 3.1–6.8 pmol/l for FT3, and 12–22 pmol/l
for FT4.
Cardiovascular assessment The standard Doppler
echocardiographic assessment and CFR test were
performed on the same day, during the morning.
Echocardiographic examinations were carried out
with patients in a partial left decubitus position by a
Vivid Seven AB Sound machine (GE, Horten, Norway)
equipped with a 2.5 MHz phased-array transducer with
harmonic capability. At the end of the study, cuff blood
pressure (BP; mean of three measurements) was
measured by a physician blinded to the examination.
M-Mode tracings were recorded in parasternal long-axis
view, and left ventricle, left atrium and aortic root sizes
were measured as previously reported (17). Left
ventricular (LV) mass was calculated according to the
American Society of Echocardiography recommen-
dations and normalized for height in meters powered
to 2.7 (18). Endocardial fractional shortening was
calculated as the percentage change of LV internal
dimension between systole and diastole. Standard
pulsed Doppler imaging of mitral inflow was recorded
in the apical four-chamber view. Early (E) and atrial
(A) peak velocities (m/s) and their ratio, E velocity
deceleration time (DT) and isovolumic relaxation time
(IVRT; both in ms) were measured. Doppler echocardio-
graphic methods and reproducibility of our laboratory
are reported elsewhere (19, 20).
Coronary flow reserve The color Doppler visualization
of coronary flow in the distal left anterior descending
artery was obtained with a 5 MHz shallow-focus
phased-array transducer. Doppler sample volume was
placed on the color signal of the left anterior descending
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artery, and the spectral pulsed Doppler signal was
recorded to look for the characteristic biphasic flow
pattern with a larger diastolic and a smaller systolic
component both at rest and after CPT. Coronary
diastolic peak flow velocities (cm/s) as well as heart
rate and BP were measured at rest and soon after CPT,
corresponding to maximal hyperemia. CFR was calcu-
lated as the ratio of hyperemic-to-resting diastolic peak
velocities. The CPT was performed according to a
standardized protocol (21), by placing the subject’s
hand and distal part of the forearm in an ice water
slurry for 3 min. The highest three spectral Doppler
signals were averaged for each parameter. We evaluated
the reproducibility of our CPT-derived CFR measure-
ments and obtained an intra-observer variability of
2.0% and an inter-observer variability of 4.5%. All
images were recorded on magneto-optical disks and
analyzed off-line by two observers who were blinded to
the clinical characteristics of the patients. All the
examinations of coronary endothelial function were
performed in the same period of the day (between 0800
and 0900 h).

Our laboratory methods for the assessment of the CFR
have already been reported (22, 23).
Statistical analysis

We used SPSS for Windows release 8.0 (Chicago, IL,
USA) for statistical analysis. All the data are presented
as mean valuesGS.D. The ANOVA test was used to assess
intergroup differences. Linear regression analyses and
the partial correlation test using Pearson’s correlation
method were used to test univariate relations.
Differences were considered statistically significant
at P!0.05.
Table 1 Characteristics of the study population.

Clinical data SHypo (nZ20)

Age (years) 38.4G12.1
Body weight (kg) 67.1G10.9
Height (m) 1.62G0.07
BMI (kg/m2) 25.5G2.9
Glycemia (mg/dl) 86.2G8.9
Total cholesterol (mmol/l) 4.43G0.6
LDL cholesterol (mmol/l) 2.74G0.5
HDL cholesterol (mmol/l) 1.4G0.15
Triglycerides (mmol/l) 1.27G0.36
Systolic BP (mmHg) 122.1G17.5
Diastolic BP (mmHg) 75.7G8.1
Mean BP (mmHg) 91.7G9
Heart rate (beats/min) 76.9G9.8
Hematological and biochemical data
TSH (mIU/l) 7G2.1
FT3 (pmol/l) 4.1G1.2
FT4 (pmol/l) 15.44G0.92
Ab TPO (lU/ml) POS

Data are expressed as meansGS.D. BMI, body mass index; BP, blood pressure
Results

The demographic, clinical, and laboratory charac-
teristics of the study population are shown in Table 1.
TSH levels were significantly higher (P!0.05) in
patients than in controls. Although in the normal
range, FT3 and FT4 levels tended to be lower in SHypo
patients than in controls. Heart rate and systolic,
diastolic and mean BP were similar in the two groups.
BMI was significantly higher in SHypo patients versus
controls. Insulin and glucose levels did not differ
between the two groups, whereas total cholesterol and
LDL cholesterol, although not significant, tended to be
higher and HDL cholesterol to be lower in SHypo.

Table 2 shows the results of the Doppler echocardio-
graphic analysis. LV structural measurements and
parameters of LV systolic function did not differ between
the two groups. Among the Doppler-derived diastolic
parameters, IVRT and DT were significantly prolonged,
which confirms previous results (19, 20).

The CPT was well tolerated by all subjects; there were
no major adverse effects or symptoms, and no
significant ECG changes. The results of the CFR test
are shown in Table 3. Coronary diastolic peak velocities
were similar at rest in the two groups but were
significantly lower during CPT in patients with SHypo,
thereby resulting in a lower CFR. This difference
remained significant even after adjusting resting and
CPT velocities for the respective mean BP. Worthy of
note, after excluding overweight patients (BMI
O25 kg/m2; nZ5), CPT-derived CFR was again signi-
ficantly reduced in SHypo normoweight patients
(1.54G0.2) in comparison with normoweight controls
(1.89G0.2; P!0.01) and this difference remained
significant even after adjusting for mean BP (1.55
G0.3 vs 1.92G0.2, P!0.01). The rate pressure
Control (nZ15) P

41.4G14.5 0.59
61.7G8 0.16
1.62G0.6 0.97
23.5G2.4 !0.05
84.5G6.5 0.68
4.37G0.7 0.80
2.64G0.46 0.22
1.46G0.14 0.23
1.13G0.26 0.21

116.3G15 0.37
71.7G10.3 0.38
87.2G10.7 0.33
78.5G6.2 0.63

1.9G0.4 !0.05
4.78G0.5 0.97

16.73G1.63 0.28
NEG

; POS, positive; NEG, negative.
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Table 2 Doppler echocardiographic analysis.

SH (nZ20) Control (nZ15) P

LV mass index (g/m2) 71.7G18.7 65.9G13.2 0.22
Relative wall thickness 0.3G0.1 0.3G0.1 0.38
Endocardial shortening (%) 34.5G5.2 35.1G5.4 0.77
Left atrial diameter (mm) 3.4G0.4 3.4G0.4 0.92
A peak velocity (m/s) 0.6G0.1 0.6G0.1 0.83
E peak velocity (m/s) 0.68G0.21 0.78G0.17 0.18
Peak velocity E/A ratio 1.17G0.35 1.39G0.44 0.16
E velocity DT (ms) 185.5G25.1 169.6G20.2 !0.05
IVRT (ms) 87.6G9.9 75.7G13.6 !0.05

Data are expressed as meansGS.D. DT, deceleration time; IVRT, isovolumic relaxation time; LV, left ventricular and E/A, early-to-late transmitral peak flow
velocity ratio.
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product (systolic BP!heart rate) increased significantly
in both the groups (P!0.05; data not shown in table),
without any intergroup differences. Figures 1 and 2
show CPT-derived CFRs in normal control and in a
SHypo patient respectively. In the pooled population,
CFR was not significantly related to BMI (PZ0.07),
heart rate (PZ0.83), systolic (PZ0.39), and diastolic
BP (PZ0.08), LV mass (PZ0.73), endocardial frac-
tional shortening (PZ0.48) and indices of LV diastolic
function (A PZ0.65; E PZ0.13; E/A PZ0.11; IVRT
PZ0.08), fasting blood glucose (PZ0.77), total choles-
terol (PZ0.28), LDL-cholesterol (PZ0.46), HDL-
cholesterol (PZ0.56), and triglycerides (PZ0.28).
There was a mild but significant correlation between
TSH and CFR in the whole cohort (rZK0.42, P!0.01).
Discussion

We report the novel finding that endothelium-dependent
CFR is reduced in middle-aged patients with SHypo.
Sympathetic stimulus with CPT raises both heart rate
and systolic BP (15); i.e. the myocardial oxygen
demand, which is currently estimated based on the
rate-pressure product. In our study, the increase in
myocardial oxygen demand was associated with a
proportionate increase in coronary blood flow in the
control group of euthyroid subjects because of endo-
thelial-dependent flow mediated vasodilation. On the
contrary, the CPT-induced increase of myocardial blood
Table 3 Coronary flow reserve test.

Variable SH (nZ

Coronary flow velocity at rest (cm/s) 22.9G
Systolic BP!heart rate at rest 9512.9G
Diastolic BP at rest (mmHg) 75.7G
Mean BP at rest (mmHg)l 91.7G
Coronary flow velocity after CPT (cm/s) 32.5G
Systolic BP!heart rate after CPT 11 269.6G
Diastolic BP after CPT (mmHg) 74.4G
Mean BP after CPT (mmHg) 89.7G
CFR 1.4G
Adjusted CFR 1.4G

Data are expressed as meansGS.D. CFR, coronary flow reserve and BP, blood

www.eje-online.org
flow was blunted in SHypo patients. We suggest that
impaired endothelial function in the coronary micro-
circulation is the mechanism underlying the inadequate
increase in coronary blood flow in response to the
increased oxygen demand of the myocardium in SHypo
patients.

It has been reported that thyroid hormone deficiency,
including the mild form, impairs vascular function
by damaging endothelial function at the level of the
peripheral vasculature (3–6). This condition is associ-
ated with increased vascular smooth muscle tone,
arterial stiffening and intima-media thickness
(24–27). Our results extend the finding of SHypo-
induced endothelial dysfunction to the coronary
circulation. In fact, in the absence of epicardial
coronary artery disease, as in our study population of
young and middle-aged SHypo patients, the reduction of
CFR supports the hypothesis of endothelial dysfunction
at the level of the coronary microcirculation (23).

CFR has previously been assessed in SHypo by
transthoracic Doppler echocardiography. Impairment
of CFR in young and middle-aged SHypo patients due to
the reduction of hyperemic coronary flow velocities was
identified by using the pharmacological stressors
adenosine (11) and dipyridamole (12). These stressors
induce coronary vasodilatation by a primarily endo-
thelium-independent mechanism. In fact, only the
subsequent increment in coronary blood flow
triggers further flow-induced vasodilation, which is
endothelium-dependent (13). In the present study,
20) Control (nZ15) P

5.1 20.5G3.8 0.2
1475.9 8500.8G2161.4 0.32
8.1 71.7G10.3 0.27
9 87.2G10.7 0.16
9.9 39.6G7.6 !0.05
1249.3 10 571.7G1622.3 0.48
8.7 70.4G10.9 0.30
8.8 85.8G11.2 0.32
0.2 1.9G0.3 !0.0001
0.2 2G0.3 !0.0001

pressure.
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Figure 1 CPT-derived CFRs in healthy
euthyroid control subject.

Subclinical hypothyroidism and CFR 327EUROPEAN JOURNAL OF ENDOCRINOLOGY (2009) 161
we demonstrate that the non-pharmacological stressor
CPT is able to reveal a reduced CFR in SHypo patients.
Interestingly, the invasively measured coronary flow
response to CPT was reported to correlate significantly
with flow response to intracoronary acetylcholine
administration, an accepted measure of endothelial
function (28).

In our study, despite increases in cardiac work (higher
pulse-pressure product after CPT than at rest in both
patients and controls) the reactive hyperemic flow
velocities were significantly reduced in SHypo, which
suggests that endothelial dysfunction per se caused the
reduced coronary blood flow. The mechanism under-
lying the coronary endothelial dysfunction in SHypo
patients remains to be established. According to an
intriguing hypothesis, the deficiency in NO production
in the endothelium of the coronary microcirculation
causes the altered CFR. NO is believed to be involved in
controlling the regulation of coronary tone. It is
produced primarily in endothelial cells, and its release
is stimulated by several substances and shear stress
(29, 30). During CPT, increased shear stress stimulates
the coronary endothelial cell to release NO, which
mediates relaxation of microcirculatory smooth cells
and increases perfusion. Animal studies have indicated
that thyroid dysfunction can alter capacities for the
formation and response to NO (31). A recent study
suggests that T3 rapidly stimulates phosphatidylinositol
3-kinase/Akt signaling and increases nitric acid
synthase activity ‘nitric oxide synthase’ in endothelial
cells by a receptor-mediated non-genomic action, and
thus induces vasodilatation (32). Interestingly, flow-
mediated dilatation of the brachial artery, a test that
evaluates peripheral endothelial function induced by a
mechanism of reactive hyperemia similar to that
induced by CPT, is reduced in SHypo (33).
Figure 2 CPT-derived CFRs in a patient with
subclinical hypothyroidism.
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Patients affected by SHypo typically have several
important atherosclerotic risk factors for coronary
artery disease (34–36). Baycan et al. (12) observed an
inverse correlation between CFR and BMI in their
SHypo patients, and Oflaz et al. (11) found that CFR was
closely correlated with HOMA levels in overt and SHypo
patients with increased insulin. Moreover, a reduced
CFR is associated with arterial hypertension (21, 37),
diabetes mellitus (38, 39), cigarette smoking (40), and
insulin-resistance conditions (41, 42) in the general
population. We therefore selected young and middle-
aged patients with stable mild thyroid hormone
deficiency and excluded subjects with obesity, dyslipi-
demia, arterial hypertension, diabetes mellitus or
hyperinsulinemia, all of which are confounding factors
that can affect coronary flow. Only BMI was marginally
higher in patients with SHypo than in controls;
however, CFR remained significantly lower after CPT
even after excluding overweight patients. Moreover, no
significant relation was found between CFR and BMI in
our group of SHypo patients.

The impairment of endothelial function and reduced
CFR are early signs of vascular disease and could herald
atherosclerosis and coronary artery disease in our
middle-aged SHypo patients. The risk of atherosclerosis
and coronary artery disease in patients with a mild form
of thyroid hormone deficiency differs among studies
because of differences in the age and sex of the
populations studied (36). An increased risk of coronary
artery disease has been reported in epidemiological
studies of young and middle-aged patients (43–45),
whereas SHypo does not seem to affect atherosclerosis
and coronary artery disease in elderly subjects (36,
46–49).

Another important question is whether the coronary
vasomotor abnormality is reversible. Two studies, one
double-blind (5) and the other with a double-blind
cross-over design (50), have demonstrated that endo-
thelial dysfunction of the peripheral vasculature is
reversible in SHypo patients because it regresses after
replacement therapy with L-thyroxine. In these patients,
L-thyroxine restored NO availability thereby resulting in
TSH normalization. In the present study a mild but
significant inverse relation was found between TSH
levels and CPT-derived CFR. Furthermore, large
randomized trials are needed to evaluate the potential
benefits of replacement therapy on CFR in SHypo
patients without associated cardiovascular risk factors.
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