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Abstract

Objective: Thyroid hormone has well recognized effects on the cardiovascular system. The purpose of this study was to define the
influence of treatment of either hypothyroidism and hyperthyroidism on the values and circadial variations of arterial blood pressure
measured by ambulatory blood pressure monitoring.

Material and Methods: The study was carried out on 30 hypothyroidic and 30 hyperthyroidic patients without hypertension and 46 healthy
participants. First, all the parameters of the groups, then blood pressure values obtained by ambulatory blood pressure monitoring before
and after treatment (thyroid hormone replacement with levothyroxine and antithyroid treatment either with propylthyrouracil or metimazole)
were compared. For statistical examinations, Shapiro-Wilk, one-way analysis of variance, Kruskal Wallis, post-hoc Tukey, and Wilcoxon
Sign tests were used.

Results: In the hypothyroid group, 24-hour mean and diastolic blood pressure, daytime diastolic blood pressure, nighttime mean, systolic
and diastolic blood pressures were higher than the control group (P < 0.05). After treatment, 24-hour, daytime and nighttime systolic and
diastolic blood pressures diminished. Mean blood pressures diminished only in daytime and nighttime. In the hyperthyroid group, 24-hour
average and daytime systolic, mean blood pressures, and all nighttime blood pressure values were higher than the control group (P < 0.05).
After treatment, 24-hour and daytime systolic, mean blood pressures, all nighttime pressures diminished (P < 0.05).

Conclusion: Throughout 24 hours, in hypothyroidic patients especially higher diastolic and in hyperthyroidics especially higher systolic
blood pressures were exhibited than euthyroid subjects. After treatment of these diseases, ambulatory blood pressure values decreased.
Early control of thyroid dysfunctions may help to protect cardiovascular system from hazardous effects of thyroid dysfunctions and lower

mortality and morbidity in these patients.
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Introduction

hyroid hormones have many effects on the cardiovascular
-I-system.1 Triiodothyronine (T3) stimulates transcription of
sarcoplasmic reticulum calcium adenosine triphosphatase
and increases the rate of myocardial diastolic relaxation and also
the expression of myosin heavy chain a isoforms which enhanches
systolic function. T3 affects expression of sodium potassium
Na-K adenosine triphosphatase genes with o adrenergic receptors
and also decreases inhibitory Gi-a concentration. T3 influences
the heart rate, by increasing repolarization and depolarization of
sinoatrial node. Thyroid hormones also affect diastolic ventricular
function, lower peripheral vascular resistance and increase
intravascular volume which contributes to the increase in cardiac
output. Simply, thyroid hormones have positive inotropic and
cronotropic effects on heart.
Hypothyroidism is an independent risk factor for heart
failure, and can also cause it by altering blood lipids and
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accelerating atherosclerosis, stimulating myocardial fibrosis
and vasoconstruction, reducing contractility, and impairing
relaxation.t* Hypothyroidism also leads to decreased cardiac
output, narrow pulse pressure, and increased systemic vascular
resistance.® The effects of hyperthyroidism on the cardiovascular
system include increased cardiac output, contractility, tachycardia,
widened pulse pressure, and decreased systemic vascular
resistance.*®

Ambulatory blood pressure monitoring (ABPM) is being
increasingly recommended for routine clinical practice.®® It
may be particularly useful in evaluating the patient with variable
blood pressure readings in the office, or the patient with wide
discrepancies between the blood pressure readings at home and
the clinician’s office (i.e., “white coat™ hypertension). ABPM and,
in particular, nocturnal blood pressure readings, may also provide
prognostic data.® A number of studies have suggested that the risk
of hypertensive cardiovascular complications®** and end organ
damage!**® correlates more closely with 24-hour, daytime, or
nighttime ambulatory blood pressure monitoring (ABPM) than
with the office pressure.

There are few studies investigating long-term and circadian
effects of thyroid hormone metabolism on blood pressure and heart
rate. Alimited number of studies about clinical hypothyroidism**-2
and hypertyroidism?-2® show that thyroid hormones contribute
to the control of systemic arterial blood pressure homeostasis



throughout the day. There are also few studies examining blood
pressure variations before and after treatment of hypothyroidism
or hyperthyroidism and no studies investigating the status of both
thyroid hormones taken together.

With regard to these findings, we decided to examine the
daily variations of blood pressure by ambulatory blood pressure
monitoring in patients with hypothyroidism or hyperthyroidism
and compare their results with control subjects and with the values
after their thyroid hormone levels were normalized.

Materials and Methods

Patients

This is an experimental non-randomized clinical study. A total
of 60 patients without hypertension [53 female (88.30%), 7 male
(11.7%)], 30 hypothyroid [26 female (86.7%), 4 male (13.3%)]
and 30 hyperthyroid [27 female (90.0%), 3 male (10.0%)] patients
aged 22 — 70 years, were recruited from the outpatient Clinic
of Ankara Diskap1 Yildirim Beyazit Education and Research
Hospital from January 2006 to April 2007. Fourty-six age- and
sex-matched healthy individuals admitted to outpatient Clinic
of Ankara Digkapt Yildirnm Beyazit Education and Research
Hospital with non-specific complaints and no disease found on
physical and laboratory examinations [39 female (84.8%), 7 male
(15.2%)] were chosen as the control group.

Our exclusion criteria were having hypertension, heart failure,
congenital cardiac disease, valvular and, atherosclerotic heart
disease, active infection or a systemic disease (renal, gastro-
intestinal, hepatobiliary, hematological, oncological, neurological
disease) and women suspected of pregnancy. We excluded
patients once diagnosed with a thyroid disease and treated for it
who now had an endocrinological disease except thyroid disease.
We did not include individuals with subclinical hypothyroidism
(TSH levels > 5.0 pIU/mL and fT4 levels between 0.8 — 1.9
ng/dL), hyperthyroidism (TSH levels < 0.35 pIU/mL and T4
levels between 0.8 — 1.9 ng/dL), central hypothyroidism (TSH
levels < 0.35 pIU/mL and fT4 levels < 0.8 ng/dL), or central
hyperthyroidism (TSH levels > 5.0 uIU/mL and T4 levels > 1.9
ng/dL). We also excluded individulas who smoked.

In our laboratory, the reference ranges for TSH were between
0.35—5.0 plU/mL, for fT4 between 0.35 — 1.9 ng/dL and for fT3
2.3 — 4.2 pg/mL. Hypothyroidism was defined as TSH levels >
5.0 WlU/mL and fT4 levels < 0.8 ng/dL, and hyperthyroidism was
defined as TSH levels < 0.35 pIU/mL and fT4 levels > 1.9 ng/dL.

After detailed physical examination, body weight and height
of all subjects were measured. We calculated body mass index
(BMI) as weight in kilograms divided by the square of height in
meters (kg/m2).

Systolic and diastolic blood pressures were measured
after a 5-minute rest in the semi-sitting position with a
sphygmomanometer. Blood pressure was measured at least
three times on the right upper arm, and the mean was used in
the analyses. Patients who were taking antihypertensive drugs
or patients with measured mean blood pressure levels > 140/90
mmHg were diagnosed as having hypertension (HTA) and
excluded from the study.*

Blood was drawn after 12 hour of overnight fasting, at 08.30
for fasting plasma glucose (FPG), serum total cholesterol (TC)
and high density lipoprotein cholesterol (HDL-C), triglyceride
(TG), creatinine, albumin levels and free triiodothyronin (fT3),
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free thyroxin (fT4), thyroid stimulating hormone (TSH), as well
as whole blood count and platelet counts.

We formed three groups; Group I, Control group; Group II,
Hypothyroid patients; and Group IlI, Hyperthyroid patients.
Electrocardiograms (ECG) of all the individuals were recorded.
The ABPM device was applied twice in the patient groups before
thyroid hormone replacement with levothyroxine (1.4 — 1.8 pg/kg)
or antithyroid treatment either with propylthyrouracil (100-
450 mg/day) or metimazole (10 — 45 mg/day) orally without
B-blockers were started and after normal thyroid hormone levels
were reached. ABPM was applied once in the control group. We
followed our patients with montly controls and obtained normal
thyroid hormone levels in 1 — 3 months in hypothyroids and 3 —
8 months in hyperthyroids. Normal thyroid hormone levels were
defined as TSH levels between 0.35 — 5.0 pIU/mL and fT4 levels
between 0.8 — 1.9 ng/dL.

In the study, a Schiller BR-102 ossilometric ABPM device was
used. Blood pressure and heart rate (HR) values were recorded
every 30 minutes during the daytime (awake) and every 60 minutes
during nighttime (asleep). These blood pressures were recorded
on the device, and the average day or night blood pressures were
determined from the data by a computer. Daytime period was
arranged between 08.00 and 23.00 and nighttime between 23.00
and 08.00.

Average systolic blood pressure (SBP) and diastolic blood
pressure (DBP), mean blood pressure (MBP) and heart rate (HR)
values were recorded by the device. Maximum, mean, minimum
SBP and DBP, HR values were calculated separately for 24
hours, in daytime and nighttime periods. Circadian rhythm was
calculated by extracting the level of a day parameter from the same
parameter measured by night. Nocturnal fall was determined by
calculating the nocturnal fall of the parameter as the percentage
of the day (Day-night difference x100 /day measurement). If the
nocturnal fall of SBP was > 10%, it was classified as dipper, and <
10% was classified as non-dipper.

Approval for the study was granted by the ethical commitee
of Ankara Diskap: Yildirim Beyazit Education and Research
Hospital on 01.12.2006 under number 04419.

This study was performed according to the 2008 Helsinki
decleration. The local ethics comittee approved this study and all
the subjects gave written informed consent.

Laboratory methods

Plasma glucose, TC, and TG concentrations were determined
by enzymocalorimetric spectrophotometric method in a Roche/
Hitachi molecular PP autoanalyser. Creatinine was examined
with Beckman Coulter AU2700, and blood count with ROCHE
Sysmex SE 9000 automatic blood count device and fT3, fT4, TSH
with BAYER ACS 180 device by chemoluminessance method.

Statistical analysis

Calculations were performed using SPSS version 15.0. For the
dispersion of constantly measured variables, the Shapiro Wilk test
was used to determine normal distribution. Descriptive statistics
were expressed as mean + SD for constantly measured variables
and as observation number or % for qualitative variables. To
evaluate statistically significant difference in constantly measured
variables of the groups, one-way analysis of variance (One-way
ANOVA) or the Kruskal-Wallis test were used. Where the ANOVA
or the Kruskal Wallis test results were found to be significant,
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post-hoc Tukey and Kruskal-Wallis multiple comparison tests
were used respectively in order to determine the group or groups
causing the significant difference.

We used dependent t-test or Wilcoxon Sign test for investigating
statistically significant differences between beginning and after
treatment values in thyroid function tests, BMI and blood pressure
measurements in hypothyroid and hyperthyroid groups. For
categoric comparisons, the Pearson-Chi square test was used.

Results

Atotal of 60 patients and 46 controls in 3 different groups were
recruited for the study. Demographic and laboratory parameters of
all the groups and their comparisons are shown in Table 1.

Difference of age and sex between the groups were non-
significant. SBP and HR of hyperthyroid group was higher than
those of control and hypothyroid patients (both P < 0.05 and
both P < 0.001, respectively). fT3 and fT4 levels of hyperthyroid
group was higher than those of control and hypothyroid patients
(both P < 0.01). TSH levels of the hypothyroid group was higher
than control and hyperthyroid patients (both P < 0.01). When
TSH levels of control and hyperthyroid groups were compared,
they were significantly higher in the control group (P < 0.01). As
for albumin levels, they were lower in the hypothyroid group than
both control and hyperthyroid groups (P < 0.001).

In Table 2, the results of ambulatory blood pressure
monitorisation before treatment are demonstrated. Concerning
24 hour measurements, SBP in the hyperthyroid group was
higher than that of other groups (P < 0.001 and P < 0.032). In
the hypothyroid group, DBP was higher than the levels of control
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group (P < 0.006). MBPs of the hypothyroid and hyperthyroid
groups were higher than the control group (P < 0.01 and P <
0.001). HR was higher in hyperthyroid patients than other
groups (P < 0.01 both) and in the control group compared to the
hypothyroid group (P < 0.01).

Then we illustrated daytime and nighttime measurements. As
daytime measurements were concerned, in hyperthyroid patients,
SBP and in hypothyroid patients, DBP were higher than those
in the control group (all (P < 0.01). In hyperthyroid patients,
MBP and HR were higher than those of both the control and
hypothyroid groups (all P < 0.01). As for night measurements,
SBPs of the hyperthyroid patients were higher than SBP of other
groups, and SBPs of the hypothyroid patients were higher than
SBP of control group (all P < 0.01). DBPs of the hypothyroid
patients were higher than DBP of both control and hyperthyroid
groups, and DBPs of the hyperthyroid patients were higher than
DBP of the control group (all P < 0.01). Both hypothyroid and
hyperthyroid groups had statistically higher MBP levels than the
control group (all P < 0.01). HR of the hyperthyroid group was
higher than HR of the other two groups (all P < 0.01).

As circadian rhythm was concerned, only MBP levels were
different; MBPs of hypothyroid patients were lower than the MBP
of other groups (all P < 0.01). As nocturnal fall was concerned,
fall in DBP of the hypothyroid group was smaller than control
and hyperthyroid groups (both P < 0.01). Nocturnal fall of MBP
was smaller in hypothyroid patients than control and hyperthyroid
groups (both P < 0.01). No difference was observed in other
parameters.

In hypothyroid patients, we monitored ambulatory blood pressure
before and after treatment, as illustrated in Table 3 with thyroid

Table 1. Characteristics of all the groups

Groupl/Control (n=46)

Age(year) 42.0+1238
Women, n(%) 39 (84.8%)
BMI 26.3+4.4
SBP (mmHg) 120.8+7.6
DBP (mmHg) 785+6.3
HR (beat/min) 83.2+8.2
fT3 (pmol/L) 2.4 +0.42
fT4 (pmol/L) 14+0.4°
TSH (mU/L) 1.9+0.6%
FBG (mg/dl) 90.2 + 84
T.Chol (mg/dl) 211.8+64.0
TG (mg/dl) 117.8 +63.8
Creatinine (mg/dl) 08+0.1
Albumin (g/dl) 47+0.3
Hb (g/dl) 134+1.0
MPV 8.4+0.2
MCV 83.8+27
Leucocyte count 7556.5 +1044.0
Trombocyte count 250239.0 + 49577

Groupll/Hypothyroid (n=30) Grouplll/Hyperthyroid (n=30)
37.0+£95 36.1+115
27 (90%) 26 (86%)
26.9+45 257+26
122.8 +8.7° 1257 +7.7°
81.9+73 79.7+6.3
83.6 £8.3° 93.2+9.8°
3.0+£1.0° 9.4 +47°
05+0.2° 44+£2.4°
8.1+24° 0.1+0.09°
88.8+8.0 89.8+9.8
192.2+44.4 187.5+32.3
146.1 +78.7 105.2 +29.4
0.7+0.1 0.7+0.2
40+0.2° 47+04
12.9+0.9 134+0.9
8.6+0.6 8.4+05
83671 85.4+3.1
6933.3 +1187.0 7476.6 +£1223.0
251700.0 + 84501.0 313533.0 + 66550.0

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate; fT3: Free triiodothyronin; fT4: Free thyroxin; TSH:
Thyroid stimulating hormone; FBG: Fasting blood glucose; T.Chol: Total cholesterol; TG: Triglyceride; Hb: Hemoglobin; MPV: Mean Platelet volume;
MCV: Mean corpuscular volume; Data are presented as mean + SD; ‘the difference between Group I and Il is statistically significant (P < 0.05); °the
difference between Group I and III is statistically significant (P < 0.05); ‘the difference between Group II and I is statistically significant (P < 0.05)
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Table 2. The results of ambulatory blood pressure monitoring
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Group I/ Control Groupll/ Hypothyroid GrouplIl/ Hyperthyroid
24 h measurement
SBP (mmHg) 1114 +8.7 114.6 £9.2° 120.0 +6.1°
DBP (mmHg) 70.5+5.6° 751+7.0 723+6.1
MBP (mmHg) 84.7 £ 6.5 88.1+8.7 90.3+8.1°
Heart rate (beat/min) 75.6 +100.7° 725+5.4° 85.0 £ 8.4°
Daytime
SBP (mmHg) 1159 +8.38 116.7+ 9.6 121.7 +9.0°
DBP (mmHg) 75.0 £5.712 79.1+7.2 77.2+6.3
MBP (mmHg) 88.8+6.9 91.1+10.1° 95.5+7.9
Heart rate (beat/min) 82.2+95 80.6 + 8.8° 90.1+8.11°
Nighttime
SBP (mmHg) 102.4 £ 9,5% 107.7 £ 11.8° 109.8 + 7.4
DBP (mmHg) 62.0 + 6.4 70.1+10.2° 64.1 £5.4°
MBP (mmHg) 76.0+7.3 82.8+10.6 82.2+85°
Heart rate (beat/min) 67.3+9.2 66.1 +8.5° 774 +8.9
Circadian Rythm
SBP (mmHg) 134+6.0 9.0+11.5 13.9+57
DBP (mmHg) 13.0+5.0 9.1+10.9 131450
MBP (mmHg) 12.8+7.0° 8.3+10.8° 133+59
Heart rate (beat/min) 129+6.5 10.5+10.7 12.7+5.7
Nocturnal Fall
SBP (%) 11.6+4.8 74+96 9.6+4.4
DBP (%) 17.3+6.2* 10.9 +13.3° 16.8 £ 6.0°
MBP (%) 142 +7.8° 8.5+ 11.4° 13.8+£6.2°
Heart rate (%) 159+7.9 12.2+132 14.0+6.2

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; MBP: Mean blood pressure; Data are presented as mean

I and II is statistically significant (P < 0.05); "the difference between Group I and III is statistically significant (P < 0.05); °the difference between Group I1

and I11 is statistically significant (P < 0.05).

+ SD; °the difference between Group

Table 3. Results of thyroid function tests, body mass index and ambulatory blood pressure monitoring in hypothyroid patients before and after treatment

Variable Before treatment After treatment P
T3 (pmol/L) 38+1.0 2907 0.222
fT4 (pmol/L) 05+0.2 14+0.1 0.001
TSH (mU/L) 81+24 26+0.3 0.001
BMI (kg/m2) 26.9+49 25.0+3.6 0.010

24 h measurement
SBP (mmHg) 114.6 £9.2 109.0+ 7.4 0.001
DBP (mmHg) 75.1+7.0 71.7+6.3 0.010
MBP (mmHg) 88.1+8.7 85.9+6.5 0.340
Heart rate (beat/min) 725+54 784+73 0.010

Daytime
SBP (mmHg) 116.7 £ 9.6 112.7+7.1 0.001
DBP (mmHg) 791+£7.2 76.8+6.5 0.050
MBP (mmHg) 91.1+10.1 88.2+8.1 0.050
Heart rate (beat/min) 80.6 +8.8 84.2+8.0 0.001

Nighttime
SBP (mmHg) 107.7+11.8 103.8+12.6 0.008
DBP (mmHg) 70.1+10.2 64.4+8.6 0.001
MBP (mmHg) 82.8+10.6 78.7+9.7 0.004
Heart rate (beat/min) 70.1+85 73.7+75 0.003

Circadian Rythm
SBP (mmHg) 9.0+115 8.9+11.3 0.255
DBP (mmHg) 9.0+10.9 12.3+98 0.050
MBP (mmHg) 8.3+10.8 95+9.9 0.333
Heart rate beat/min) 10.5+10.7 10.5+8.9 0.112

Nocturnal Fall
SBP (%) 74+9.6 7.8+10.1 0.443
DBP (%) 10.9+13.3 15.6+12.2 0.050
MBP (%) 85+11.4 10.4+10.8 0.550
Heart rate (%) 122+13.2 11.9+10.1 0.221

fT3: Free triiodothyronin, fT4: Free thyroxin, TSH: Thyroid stimulating hormone, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MBP: Mean

blood pressure. Data are presented as mean + SD.
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Figure 1. Twenty-four hour, daytime, nighttime measurements, circadian rhythm and nocturnal fall changes of blood pressure values before and after
treatment in hypothyroid patients (SBP: Systolic blood pressure, DBP: Diastolic blood pressure; MBP: Mean blood pressure; HR: Heart rate; BT: Before
treatment; AT: After treatment).

Table 4. Results of thyroid function tests, body mass index and ambulatory blood pressure monitoring in hyperthyroid patients before and after treatment

Variable Before treatment After treatment P
fT3 (pmol/L) 9.4+47 25+0.6 0.001
T4 (pmol/L) 4424 15+0.2 0.001
TSH (mU/L) 0.1+0.1 16+04 0.001
BMI (kg/m2) 257+2.6 27.0+3.0 0.010

24 h measurement
SBP (mmHg) 120.0+6.1 113.4+6.9 0.001
DBP (mmHg) 723+6.1 729+6.1 0.222
MBP (mmHg) 90.3+8.1 88.4+7.7 0.001
Heart rate (beat/min) 85.0+84 76.8+6.3 0.010

Daytime
SBP (mmHg) 121.7+9.0 1156 £8.1 0.001
DBP (mmHg) 772+6.3 776 +6.6 NS
MBP (mmHg) 955+79 91.8+9.6 0.001
Heart rate (beat/min) 90.1+8.1 83.8+8.2 0.001

Nighttime
SBP (mmHg) 109.8 + 7.4 105.2 +6.9 0.001
DBP (mmHg) 64.1+5.4 62.4+4.1 0.004
MBP (mmHg) 822+85 79.8+75 0.001
Heart rate (beat/min) 77.4+89 71.1+9.6 0.001

Circadian Rythm
SBP (mmHg) 11.9+57 10.4+6.0 0.050
DBP (mmHg) 13.1+5.0 152+5.0 0.001
MBP (mmHg) 13.3+5.9 12.0+7.2 0.555
Heart rate (beat/min) 12.7+£5.7 12.7+9.2 0.482

Nocturnal Fall
SBP (%) 96+4.4 8.8+4.6 0.050
DBP (%) 16.8+6.0 19.3+53 0.001
MBP (%) 13.8+6.2 12.6+8.1 0.550
Heart rate (%) 14.0+6.2 14.8+10.8 0.711

fT3: Free triiodothyronin, fT4: Free thyroxin, TSH: Thyroid stimulating hormone, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MBP: Mean

blood pressure. Data are presented as mean + SD.
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hormone and BMI changes. While there was no statistically
significant change in fT3 levels, fT4 levels increased and TSH
and BMI decreased after treatment (P < 0.001, P < 0.001, P <
0.01 respectively). As 24 h measurements were concerned, SBP
and DBP decreased and heart rate increased after the treatment
(P < 0.001, P < 0.01, P < 0.01 respectively). Among day
measurements, SBP, DBP, and MBP were found to be decreased
and heart rate increased (P < 0.001, P < 0.05, P < 0.05, P <
0.001); in night measurements, SBP, DBP and MBP decreased,
while heart rate increased (P < 0.008, P < 0.001, P < 0.004, P
< 0.003 respectively). As we investigated circadian rhythm, we
only demonstrated that DBP decreased and as nocturnal fall was
concerned, DBP increased (both P < 0.05).

Figure 1 illustrates the changes in blood pressure values before
and after treatment in hypothyroid patients.

In hyperthyroid patients, we monitored ambulatory blood
pressure before and after treatment, as illustrated in Table 4 with
thyroid hormone and BMI changes. FT3 and fT4 levels decreased,
while TSH, and BMI values increased after the treatment (P <
0.001, P < 0.001, P < 0.001, P < 0.01 respectively). When we
looked at the 24 h measurements, we found that SBP, MBP and
HR were decreased (P < 0.001, P <0.001, P < 0.01 respectively).
In daytime measurements, the results were the same. In nighttime
measurements, SBP, DBP, MBP and HR were decreased (P
< 0.001, P < 0.004, P < 0.001, P < 0.001 respectively). When
circadian rhythm and nocturnal fall were concerned, there was a
significant decrease in SBP and increase in DBP after the treatment
(P <0.05and P < 0.001 respectively).

Figure 2 illustrates the changes in blood pressure values before
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and after treatment in hyperthyroid patients.

In summary, in hypothyroid group 24 hour MBP and DBP
and HR daytime DBP, nighttime all pressures were higher and
as circadian rhythm was concerned, MBP was lower than the
control group and as nocturnal fall was concerned, DBP and
MBP were lower than the control. After treatment, 24 hour SBP,
DBP fell, daytime and nighttime pressures fell, and HR rose in
all measurements. As circadian rhythm and nocturnall fall were
concerned, DBP was found to be higher after treatment. In the
hyperthyroid group, 24 hour and daytime SBP, MBP and HR were
higher, all nighttime blood pressure values, as well as HR were
higher than the control group. As nocturnal fall was concerned,
DBP, MBP fell less than the control group. After treatment, 24
hour, daytime SBP, MBP and HR values fell, nighttime pressures
fell, and HR decreased in all measurements. As circadian rhythm
and nocturnall fall were concerned, SBP was found to be lower
and DBP was found to be higher after the treatment.

If the nocturnal fall of the parameter was > 10%, it was classified
as dipper, and < 10% was classified as non-dipper. Regarding
before treatment values being dipper, percentages from the largest
to smallest pertained to control, hyperthyroid and hypothyroid.
In both hypothyroids and hyperthyroids, non-dipper percentages
were higher than controls. In the hypothyroid group, there
were 46.7% dipper patients before and 53.3% patients after the
treatment. There was no statistical difference. In the hyperthyroid
group, there were 66.7% dipper patients before and 76.7% patients
after the treatment. The difference was statistically significant (P

< 0.05) (Table 5).
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Figure 2. Twenty-four hour, daytime, nighttime measurements, circadian rhythm and nocturnal fall changes of blood pressure values before and after
treatment in hyperthyroid patients (SBP: Systolic blood pressure; DBP: Diastolic blood pressure; MBP: Mean blood pressure; HR: Heart rate; BT: Before

treatment; AT: After treatment).
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Table 5. Dipper and non-dipper number and percentages of control group, hypothyroid and hyperthyroid group either before and after treatment

Hypothyroid Hyperthyroid
Variable Control
Before t. After t. Before t. After t.
Dipper 38 (86.0%) 14 (46.7%) 16 (53.3%) 20 (66.7%) 23 (76.7%)
Non-dipper 8 (17.4%) 16(53.3%) 14 (46.7%) 10 (33.3%) 7 (23.3%)
P --- 0.077 0.038
t: treatment

Discussion

Although the effects of thyroid hormone on the cardiovascular
system and blood pressure regulation are well recognized, there
have been few studies investigating the long-term and circadian
effects of thyroid hormone metabolism on blood pressure and
heart rate. Nowadays, ABPM is used extensively in blood pressure
monitoring, but there is not much data about its use in hypo-
and hyperthyroidism. In our study, we investigated the effects
of hypo- and hyperthyroidism on blood pressure and heart rate
control using ABPM and also examined the effects of treatment of
these diseases on the above mentioned measurements.

In our study in hypothyroid patients, most of the blood pressure
values, especially DBP, were higher and HR was lower than the
control group in 24-hour, daytime and nighttime measurements.
As circadian rhythm was concerned, because nocturnal fall in
DBP was less than the controls, the difference was not statistically
significant. After thyroid hormone replacement therapy, blood
pressure values diminished and HR increased. DBP circadian
rhythm values were found to be significantly high after thyroid
hormone replacement therapy. It was obvious that this result was
caused by the sharp fall in diastolic blood pressure values in the
night period. This result suggested that DPB was mostly affected
by low thyroid hormone levels and mostly corrected by treatment.

Most of the recent studies have shown the relationship
between hypothyroidism and hypertension especially diastolic
hypertension.>183132 \We also demonstrated the same relationship.
We also found high SBP values in our hypothyroid patients,
especially nighttime. Those values fell after treatment as in
the study by Kotsis.®® The cause of increase in blood pressure of
hypothyroid patients was supposed to be increased peripheric vascular
resistance,*2%* increased arterial stiffness®* or sympathetic and
adrenal activation?® or all together.

Although in subclinical hypothyroidism, the risk of
atherosclerosis was found to be higher than normal subjects, =73
blood pressure values were not found to be different.34 We
believe that a limitation of our study was that we did not include
patients with subclinical hypothyroidism, whichc needs to be
addressed in future studies.

HR values of our hypothyroid individuals were lower than the
controls, although not all of them were statistically significant.
The values increased after treatment as expected.

It was demonstrated that hypertension in hyperthyroidism
was mainly caused by systolic hypertension.®4=3 In our study,
SBP values were also higher in hyperthyroid patients than the
controls and decreased after treatment like recent studies.®* The
effects of hyperthyroidism on blood pressure regulation include
increased cardiac inotropy and chronotropy, decreased systemic

vascular resistance, increase in the number of cardiac [3 adrenergic
receptor and activation of renin-angiotensin-aldosterone.®%45
As we searched the literature, we found a few studies about
hyperthyroidism and circadian regulation of blood pressure. In
Minami’s study a nocturnal fall in blood pressure was measured
in patients with essential hypertension and mild to moderate
hyperthyroidism, as well as normal subjects, but not those with
severe hyperthyroidism.2* In two studies, Middeke showed that
in hyperthyroidism related hypertensive patients nighttime blood
pressure fall was less than normal individuals.?#¢ In another study
which compared hypertensive hyperthyroids with normotensives
and primary hypertensives, circadian rhythm was found to be
lower.#” In Kohno’s study on mild hyperthyroidic patients, no
difference was found in these measurements.®® Iglesias, et al. also
showed no difference in circadian rhythm in 20 normotensive
hyperthyroid patients.?

In our hyperthyroid patients, most of the blood pressure values
especially SBP were higher than the control group in 24 hour
daytime and nighttime measurements. As circadian rhythm was
concerned, all blood pressure values were not different compared
to the controls, but nocturnal fall were less than the controls,
some of them non-statistically significant. Like some other
studies, in our study with normotensive hyperthyroid patients,
circadian rhythm was not different from normal subjects. It is not
known whether inclusion of patients with hyperthyroidism and
hypertension or patients with severe hyperthyroidism would have
yielded different result.

After antithyroid treatment, blood pressure values diminished.
These changes were minimal in DBP values. After therapy,
circadian SBP values decreased, but DBP values increased,
nocturnal fall in SBP was less than the values before treatment,
but it was inverse for DBP. Like some other studies after
antithyroid therapy, circadian SBP values decreased. We may
explain this result by the smaller fall of nighttime SBP values than
the fall of those values in daytime. This result may indicate the
dynamic effects of thyroid hormone on SBP in daytime when the
sympathetic system is more active. Another finding supporting
this notion is the increased circadian rhythm values of DBP after
treatment.

An important finding of our study was the higher SBP values
in hyperthyroid patients than control subjects in both daytime
and nighttime measurements. According to the control group,
this difference was more important in daytime period, but in
nighttime, the SBP increase was minimal. Our study is one of the
few studies in which SBP decreased after normalization of thyroid
hormone levels in hyperthyroidic patients. Besides the positive
change in before and after treatment values of SBP values, we also
demonstrated beneficial changes in DBP and MBP measurements;
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only no difference was obtained in daytime DBP values. We may
state that there is a reversible blood pressure increase pattern in
awake and sleep periods in normotensive hyperthyroid patients.

As suggested by much data, measurement of nighttime BP
yields additional prognostic data in terms of all-cause mortality
and cardiovascular events.*-52

Failure of the blood pressure to fall by at least 10% during sleep
is called nondipping. Independent of the degree of hypertension,
nondipping is thought to be an important risk factor for heart failure
and other cardiovascular complications,>* diabetic nephropathy®®
decline in glomerular filtration rate,*® and sleep apnea.5” Whether
reversal of nondipping is possible or beneficial is uncertain.
Among our groups, the non-dipper blood pressure pattern was
more common in hypothyroids and hyperthyroids compared to the
controls. In both hypothyroids and hyperthyroids after treatment,
the number of patients with non-dipper pattern diminished, which
was statistically significant only in hyperthyroids. After our search
in the literature, we found only two studies demonstrating the
effect of elevated TSH,? and decreased fT3,2 levels on the risk
of nondipping. Despite the fact that the effect of thyroid hormone
on non-dipper blood pressure profile has not been completely
understood, we believe that thyroid hormon dysfunctions may
increase the risk of non-dipping, but further studies are warranted.

There are a few limitations in this study. One is the moderate
sample size. Second, we do not know how much time is needed
for the adaptation of blood pressure, passing through thyroid
hormone dysfuction to euthyroidism. The exact time of the
measurements, that is when we must measure blood pressure
values after reaching normal thyroid hormone levels, is not
decided. Third, we did not include subclinic thyroid dysfunctions
in our study. Finally, the findings are limited to our groups, which
included only adults from our district, so our results may not be
applicable to all our country or other nationalities.

In conclusion, we demonstrated that thyroid hormones beyond
their effects in almost all tissues may cause changes in blood
pressure measurements, most of them reversible by treatment of
either hypothyroidism or hyperthyroidism. Early diagnosis and
appropriate treatment of these disorders may reverse unfavorable
changes in cardiovascular system and end-organs.
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