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ABSTRACT

The present study aimed to investigate whetheriaarautonomic dysfunctionin aging human mightédated

to anunderlying thyroid disturbance.geing has beenassociated with hypothyroidism and cardiac autoromi
dysfunction. On the basis of body mass index (BWBY) patients were grouped into three groups (nGF 5
48 years +2, 55 years £2 and 63 years * 2. Elecardiogram was recorded using PowerLab systemthad
time and frequency domain measures of heart ratmbdity (HRV) were calculated. Fasting blood salep
were drawn for measurement of serum thyroid stitmdgahormone (TSH), total thyroxin (T4) and total
triiodothyronine (T3) concentrations. The levels DEH, T4 and T3 were not significantly different
between the groups. The frequency domain HRV paemeflecting parasympathetic tone (high-frequency
normalized units, HFnu) was significantly reducedaging third groups group. The parameters whicflet
sympathetic activation (Heart rate, low-frequencgrmalized units; LFnu and the LF/HF ratio) were
significantly increased in the aging group. HFnu swsignificantly and negatively correlated with age,
whereas LFnu and LF/HF ratio were significantly amdsitively correlated with the above mentioned
parameters. No significant relationships were nobedween the HRV parameters and the levels of TiSH o
thyroid hormones. Cardiac autonomic dysfunctionaiging human is not linked with underlying thyroid
disturbance.
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INTRODUCTION

Heart rate is mainly controlled by autonomic neaeéivity to the sinoatrial node. Sympathetic andapgmpathetic
drive can be non-invasively investigated using H&ate Variability (HRV) analysif8 & 9]. A low level of HRV
associated with low vagal parasympathetic actilkiig been identified as a risk marker for all caudasortality
[8]. HRV can be altered by physiological factors, sashaging, gender and physical fitness. The aginggss
decreases HRV towards a lower parasympathetic ratdol [L3 & 14]. Concerning gender, parasympathetic
modulation of HRV seems to be generally higher amen than in mef8, 9, 17 & 18]however, aging tends to
attenuate this differendd.0, 11 & 12].The change apparently beginning at the menopfalserhe association
between thyroid hormone and cardiac function islvestablished, and thyroid dysfunction, even mitén
significantly affect the cardiovascular syst¢@}. It has been shown that hyperthyroidism and hypatijsm
are both associated with sympathetic over actizity decreased vagal modulation of the heart[dgtg & 3].

An elevated serum concentration of thyroid stimul@gt hormone (TSH), symptomatic of subclinical
hypothyroidism, was commonly reported in human dpelgl]. Therefore, it is plausible to propose potential
relationships be- tween cardiovascular autonomiction and an underlying thyroid disturbance in ygwadult
obese males. However, it's remained unknown whethetiac autonomic dysfunction in young adult ob@sdes
might be related to an underlying thyroid distutx@mr not. We, therefore, formulated the hypothéisa obese
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young adult males, as compared with normal-weiglinter- parts, will show cardiac autonomic dysfiorcthat is
characterized by sympathetic dominance on the autancardiovascular system, and that these diffagnvould

be associated with thyroid dysfunction. Heart ratgability (HRV), a measure of the continuous gédns in heart
rate, is a sensitive and non-invasive method teatesents beat-to- beat control mechanisms mainlyhb
autonom- ic nerve supply to the sinoatrial (SA) @f8& 9]. In- creased HRV has been recognized as a factbr tha
indicates a healthy heart with quickly responsewtbnomic nervous system and SA node to internaxeernal
environmental changef/, 10, 11 & 12].In contrast, a reduced HRV measures could reflectakiered
sympathovagal balance of the SA node. This alteeddnce is characterized by a sympathetic activatind by a
reduced vagal tone which has been strongly relatedhe pathophysiology of several diseases, inolydi
cardiovascular system diseagd® & 20].. The risk for altered cardiac autonomic functi@nsignificant in
overweight and obese subjects. Previous studiesgudRV methods to measure cardiovascular autonomic
function have indicated that obese individuals havsignificant reduction in parasympathetic acyivdéind a
significant increase in sympathetic modulation afdiac function, indicating a shift in the sympathgal balance
towards sympa- thetic predominanf22 & 23]. The aim of the present study was to identify dsediac
autonomic regulation in ageing human. 1HR: hea#;r@DNN: standard deviation of normal to normaéimals;
RMSSD: root mean square of successive RR in- temiflerence; HFnu: high-frequency normalized ynitSnu:
low-frequency normalized units; LF/HF: low frequgndigh-frequency ratio; TSH: thyroid stimulatingrimone;

T4: thyroxin and T3: triiodothyronine in young aaldl human population.

MATERIALSAND METHODS

Blood samples

Blood samples were drawn from an antecubital vetia Vacutainer tubes without anticoagulant in tingjtposition.
For serum collection, tubes were incubated in anghp position at room temperature for 15-30 minattow
clotting before centrifugation (10 minutes, 3000n)p Serum was immediately stored at 2QQuntil further
analysis. Thyroid tests included TSH (normal rang§004.00 miU/l), total thyroxin (T4; normal rang4411.6
png/dl) and total triiodothyronine (T3; normal rarfg69-2.02 ng/ml) were measured using commercial
enzyme-linked immunosorbent assay kits (HU- MANdDiastics, Wiesbaden, Germany).

Blood Pressure and HRV

Blood pressure was measured using mercury sphygmameters. ECG was digitally recorded in a quietntoo
(ambient temperature 22) with subjects lying in a supine position for 5nuiies using a biological amplifier
(Bio Amp Model MLA2540, ADInstruments, Bella VistaAustralia) connected to a data acquisition system
(Powerlab Model ML856, ADInstruments, Bella Vistastralia). Standard time and frequency domain nness

of HRV were calculated using HRV module LabChait Software (ADInstru- ments, Bella Vista, Australidime
domain measures included heart rate, standard @rrarmal to normal intervals (SDNN) and the rowan square
of successive RR intervals difference (RMSSD). Aril of the power spectra was performed on twoueeqy
ranges, revealing a Low frequency (LF) componenttiwe e n and 0.15 Hz and a High frequency (HF)
component between 0.15 and 0.40 Hz. The LF and d&sores were expressed in normalized units (LFr an
HFnu). The Low frequency: High frequency ratio (HF), an estimate of sympathovagal balances iictwh
a high ratio indicates greater sympathetic actigitgl a low ratio indicates greater parasympatlaetivity, was also
computed.

Statistical Analysis

All variables were reported as mean + standard efrmmean (SEM). Data were analyzed using a oneAR®VA
followed by Duncan’s post hoc test. Pearson’s datimn coefficient was used to evaluate the coti@ta between
the parameters of HRV and anthropometric measuresveamd between the measures of TSH, T3 and T4lend t
parameters of HRV. All statistical analyses werefggened with the SPSS statistical package versio® {SPSS
Inc., Chica- go, IL, USA).

RESULTS
The mean values of age, hypertension, glucose,ar8Hr3 &T4 levels in the three groups are preseimtdéble 1.
The groups were different by age and significadifferent were noted among groups for serum TSHamd T3

concentrations (p > 0.05). As shown in Table 1.0Alhere were significantly different in their bibglucose and
hypertension in three groups according to age.
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parameters | | (48 years) | Il (58 years) | Il (63 years)
Age 48 +0.41 58 +0.74 63 +0.82
Hypertension 152 £ 0.24 159 + 0.26 160 £0.7p
Glucose 7.31 + 0.5]] 8.23+0.6 9.54 +0. 29
TSH (IU/ml) 1.8+0.12 1.52 +£0.56 1.45+0.1¢8
T3 (pmol/l) 1.62+£0.74 2.11 +0.217 2.22 +0.36/*
T4 (pmoll/l) 12.22+0.89 1298+0.85 13.11+0.70*
Ratio T3/T4 0.13+0.83 0.16+0.24* 0.17 +0.51}

Table 1: Mean values of age, hypertension, glucose, TSH and T3 & T4 levelsin the three groups

*Significantly different from normal- weight group < 0.05.

The present study showed that significant diffetegtiveen all parameters of heart rate; SDNN: stahdaviation

of normal to normal intervals; RMSSD: root mesuare of successive RR intervals difference; W mgh-

frequency normalized units; LFnu: low-frequency matized units; LF/HF: low frequency/high-frequenaio in

group one and groups two and three. Also, there wigmificant different between group one and gsotyo and
three in the heart rate, blood pressure systoledéastole as shown in table 2. The differences RVVHsariables
among the three groups. HF component, expressedrinalized units, was significantly higher in gecond and
third groups when compared with the first groupsdilthe LF component was higher in the second lairdl groups
when compared with the first group. Thus, the LF/kfio, which is thought to express the sympathatid

parasympathetic balance, was significantly higlmethie second and third groups when compared withfitist

group indicated the sympathetic predominance oeeagympathetic in these groups. Time domain HR\icesd
(i.e. SDNN and RMSSD) were only numerically highethe second and third groups when compared \Wwétitst

group. the heart rate was significantly higherhia second and third groups when compared withitsiegroup as
shown in TableZ

Table 2: Mean values of heart rate, blood pressure and heart rate variability parametersin the three groups

parameters | (48 yearg) 1l (58 years) Il (63 y¥ars
HR (bpm) 66.8+2.0 66.2+2.7 75.6+2.9
Blood pressure, systolic (mmHg 152 +0.24 159260. 160 + 0.75
Blood pressure, diastolic (mmHg) 99.1+0.25 100®42* | 103.3 +0.91*
SDNN (ms) 55.6 £+ 0.1§ 59 +0.18 65.7+0.14
RMSSD (ms) 62.3+0.24 652+054F 71.1+0.82r*
LFnu 455+0.84] 56.2+0.92% 63.3 +0.44%*
HFnu 62.6+0.28] 67.4+0.437 725+0.127*
LF/HF 0.72+0.14| 0.83+0.28 0.87 £0.47*]

*Significantly different from normal- weight group,< 0.05

Table 3 shows the correlation between parameterlRdM and TSH and thyroid hormones. HFnu was sigaiftly
and negatively correlated in the second and thicdigs when compared with the first group, whereBau and
LF/HF ratio were significantly and positively colaged with the above mentioned parameters. No faigmi
relationships were noted between any of the HRVabées and the thyroid hormones or TSH levels angacond
and third groups when compared with the first group

Tablelll. Correlation between parameters of heart rate variability and thyroid parametersin the three groups

| | (48 years) 11 (58 years) Il (63 years)
Groups/ parameters <51 73 | TsH | T4 T3 | TSH| T4 T3
HR (bpm) 0.093] 0.049 0048 0.123 0.059 0058 0.150.055 | 0.061
SDNN 0.043| 0.344 0036 0051 -0.357 -0.052 -0.074.355| -0.054
RMSSD 0.04| 0241 012 -0.05 -0.255 -0.133 -0/06 .268| -0.152
LFnu 0.031] 0039 0075 -0.035 0040 -0.080 -0.038.04®| -0.083
HFnu 0.005] 0.073 0.5p 0005 0.080 0.1p4 0.407 10.080.170
LF/HF 0.021| 0058 0.155 0022 0081 0.165 0.025 6®.p 0.172
DISCUSSION

Thyroid disease is common in the general populadioh the prevalence increases with Hgs]. Hypothyroidism

is the most common thyroid disorder in the adultpplation, especially in older women. It is usually
autoimmune in origin, presenting as either primatpphic hypothyroidism or Hashimoto’s thyroidif6]. The
aim of the present study was to identify the car@iatonomic regulation in ageing humaHR: heart rate; SDNN:
standard deviation of normal to normal interval®$ED: root mean square of successive RR intenifftsr@hce;
HFnu: high-frequency normalized units; LFnu: lowduency normalized units; LF/HF: low frequency: Hig
frequency ratio; TSH: thyroid stimulating hormorig}: thyroxin and T3: triiodothyronine. Several aots have
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observed normal, reduced or elevated thyroid hossoand TSH baseline concentrations in adult
individuals[21, 8 & 9]. The mean serum levels of TSH, as well as the sevkthyroid hormones (TT3 and TT4)
were not significantly different between the groupsthis study. also, there were observed differeatween
circulating TSH and thyroid hormone levels andtibely compositions. Significantly higher in the sed@nd third
groups when compared with the first group indicatieel sympathetic predominance over parasympathetic
these groups.TSH: thyroid stimulating hormone; Tyroxin; T3: triiodothyronine; Significantly highen
the second and third groups when compared witHitsiegroup TSH: thyroid stimulating hormone; Tytoxin;
T3: triiodothyronine to examine relationships betweardiac autonomic function and the thyroid sta@ur main
findings were: an increase in age was accompanigdincrease in heart rate and low HRYV indicatimgicreased
sympathetic and a reduced vagal modulation of simode. Thyroid parameters and the cardiac autonomic
dysfunction which observed in age human populatimwer spectrum analysis of HRV can estimate tate sif
sympathovagal balance modulating SA node act[8t& 9]. In addition to the RR interval, the normalized posve
of the LF and HF components (LFnhu and HFu) ofHif®/ appear to be the most sensitive markers ondimidual
basis for sympathetic and vagal modulations, resmgy [8 & 9]. As well, higher values of LF/HF ratio indicate a
more sympathetically driven cardiovascular sysfa, 8 & 9].In the current study it was shown that the LF/HF
ratio, in addition to the LFnu component, was highethe second and third groups when compared thiHirst
group, indicating a shift in the sympathovagal batatoward an increment in sympathetic activatiearther,
results of the present study show a lower parasyingp@ activity in the second and third groups when
compared with the first group as reflected by ansigantly lower HFnu component. Obviously, sympetil
activation and diminished paraympathetic nervoustesy activity results in heart rate accelerationm th
second and third groups when compared with thé ¢ireup. These results are in keeping with the ltesof
previous investigators who found that obesity iatedl to sympathovagal imbalance characterizedepyatssed
parasym- pathetic tone and increased sympathetiitad25, 26, 27, 8 & 9]. Interestingly, their differences
were observed in HRV indices in the second andlthmoups when compared with the first group. Tislihg
expresses the fact that progression from youngt ddwhan is associated with changes in autonomiglaégn of
the cardiovascular system in the second and thiodps when compared with the first group. Our figdis in
agreement with that of18]., who observed no differences in HRV measures kmtwhe children and age.
Researchers have reported significant improvenmeatutonomic cardiac modulation through a shift talgreater
vagal tone with diet-induced weight loss and ex&{28, 29 & 32]. Therefore, interventions to increase HRV in
overweight subjects, such as exercise therapy etindi may enhance vagal tone and thereby decriase
susceptibility to cardiac autonomic dysfunction.r@indings are in agreement wifl33 & 31]. who found no
difference in serum TSH between euthyroid obesgestdband the control group. Our findings are alsosistent
with the previous observations [#9 & 30]. who described no associations between TSH and bonhposition
among euthyroid young men. However, in con- trafter authors found that in euthyroid adults withathistory

of thyroid disease, In our study, all subjects wartially in a euthyroid state as the concentratmiiT SH, T3 and
T4 were within the normal range in all groups. Thigght be a potential elucidation for the lack skaciations
between TSH and the parameters of body compositiottss study as the associations with TSH in o#tadies
can be caused by subclinical thyroid dysfunct[@0]. Additionally, the lack of associations between rthig
hormones and age can be explained by that periptiesae metabolism of thyroid hormones was afiédig age
[10& 11]..Similarly with our observations for body compositi all the measured HRV variables were
correlated with the TSH, T3 and T4 levels. Therefat is evident from the present study that attemain the
cardiovascular autonomic function in the second thivd groups when compared with the first groups Waked to
the levels of thyroid hormones and TSH. Howevempdikiyroidism and hyperthyroidism have been assediat
with sympathetic over activity on the autonomicdiavascular systeni8 & 9]. The present study illustrate a
relationship between cardiac autonomic dysfunctiamd thyroid profile in age human population, the
association of age and a shift in cardiac sympathalvbalance towards a more sympathetic state bltean. One
can hypothesize that age might be associated ingétieases in many hormonal and metabolic parameterts
may cause increased sympathetic activity and deemtgparasympathetic activity. For example insulin
resistance, elevated cate- cholamine levels andi¢lgeee of hyperlipi- demia have also been propased
potential mechanisms underlying the associatiowéen ageing human and cardiac autonomic dysfunfli®, 8

& 9].

The aim of the present study was to identify thediee autonomic regulation in ageing human. 1HRarteate;
SDNN: standard deviation of normal to normal intdsy RMSSD: root mean square of successive RReivals
difference; HFnu: high-frequency normalized unitBnu: low-frequency normalized units; LF/HF: lovefjuency:
high-frequency ratio; TSH: thyroid stimulating hane; T4: thyroxin and T3: triiodothyronine in youagd old
human population.
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CONCLUSION

We conclude that alteration of thyroid hormonesé®@mmon feature in aging. Further study is ne¢debmpare
thyroid hormone levels and present study was tatifjethe cardiac autonomic regulation in ageingriam. 1HR:
heart rate; SDNN: standard deviation of normaldomal intervals; RMSSD: root mean square of suéced?R in-
tervals difference; HFnu: high-frequency normalizgnits; LFnu: low-frequency normalized units; LF/HBW
frequency: high-frequency ratio; TSH: thyroid stiating hormone; T4: thyroxin and T3: triiodothyragiin young
and old human population. This study showed thatthove parameters were significantly higher inséheond and
third groups when compared with the first groupiéated the sympathetic predominance over parasyrapatin
these groups.

Acknowledgements
We are grateful to physiology department FacultyMedicine Hail University, for their support witlhhstruments
for analysis of blood samples and funding.

REFERENCES

[1] Avogaro P, Crepaldi G, Enzi G, Tiengo A. Associataf hyperlipe- demia, diabetes mellitus, and roitebsity.
Acta Diabetol Lat, 1967,

[2] Bernal J, Refetoff S. The action of thyroid hormaia Endocrinol 1977; 6: 227-49.

[3] Briscoe VJ, Davis SN. Hypoglycemia in type 1 angbety? diabetes: physiology, pathophysiology, and
management. Clin Diabetes 2006; 24: 115-21.

[4] Cacciatori V, Gemma MI, Bellavere F,Castello R, ®egori Me, Zoppini G, Thomaseth K, Moghetti P,ddeo
M. Power spectral analysis of heart rate in hypattdism. Eur J Endocrinol 2000; 143: 327-333.

[5] Chen JI, Chiu Hw, Tseng Yj, Chu Wc. Hyperthy- reidiis characterized by both increased sym- patlaatit
decreased vagal modulation of heart rate: evidenom spectral analysis of heart rate variabilityinC
Endocrinol (Oxf) 2006; 64: 611-616.

[6] Chethan Ha, Niranjan M, Basavaraju K. Compara- sively of heart rate variability in normal and obgsung
adult males. Int J Biol Med Res 2012; 3:1621-1623.

[7]1Cini G, Carpi A, Mechanick J, Cini L, Camici M, @dtla F, Giardino R, Russo Ma, lervasi G. Thyroid
hormones and the cardiovascular system: patho-iglogy and interventions. Biomed Pharma- cother®@®@3:
742-753.

[8] ELSayed A. M. Shokr (2015) Effect of exam stresdeart rate variability parameters in healthy stisli&gypt.
Acad. J. Biolog. Sci., 7(1) (2015) Egyptian Acaderdournal of Biological Sciences C. Physiology & IBtmlar
BiologylSSN 2090-0767 (2015)

[9] ELSayed A. M. Shokr (2015) Effect of radiation omait Rate Variability changes in healthy youth BEgyp
Acad. J. Biolog. Sci., 7(1) (2015) Egyptian Acaderdournal of Biological Sciences C. Physiology & IBtlar
BiologylSSN 2090-0767 (2015)

[10]Elsayed A. M. Shokr, et al., (2016). Chronic ReRallure Associated with Heavy Metal Contaminatidn o
Drinking Water in Hail, KSA. Global Advanced Resgatdournal of Medicine and Medical Sciences (IS3BL5-
5159) Vol. 5(1) pp. 006-013, January, 2016 Ava#abhline http:/garj.org/garjmms Copyright © 2016okal
Advanced Research Journals

[11]Elsayed A. M. Shokr, et al., (2016). Effect of Aggion Diabetes Mellitus and Hypertension. Inteorl
Journal of Current Research, Vol. 8, Issue, 04 XRRXXX-XXXXXXXXX, April, 2016

[12]Elsayed A. M. Shokr, et al., (2016). Effect of Thigt Hormone Disorder on Diabetes Mellitus and
Hypertension. International Journal of Current Resle, Vol. 8, Issue, 04, pp. XXXXXX-XXXXXXXXX, ARr2016
[13]Emdin M, Gastaldelli A, Muscelli E, Macerata A, NBali A, Camastra S, Ferrannini E. Hyperinsuline @l
autonomic nervous system dysfunction in obesitigat$ of weight loss. Circulation 2001; 103: 51351

[14]Guh Dp, Zhang W, Bansback N, Amarsi Z, Birmingtam CI, Anis Ah. The incidence of co-morbidities
related to obesity and overweight: a systematieerg\and meta-analysis. BMC Public Health 2009.8%5:
[15]Hegedus L, Perrild H, Poulsen LR, et al. The detamation of thyroid volume by ultrasound and its
relationship to body weight, age, and sex in norsndjects. J Clin Endocrinol Metab 1983; 56: 260-3.

[16] Kamel HK. Hypothyroidism in the elderly. Clin Getid 999; 7: 1070-389.

[17]Katzmarzyk Pt, Jenssen I. The economic costs asated with physical inactivity and obesity in Cdna
An update. Can J App Physiol 2004; 29: 90-115.

[18]Kaufman CI, Kaiser Dr, Steinberger J, Kelly As, [BehDr. Relationships of cardiac autonomic function
with metabolic abnormalities in childhood obes®pesity (Silver Spring) 2007; 15: 1164- 1171.

[19]Kim Ja, Park Yg, Cho Kh, Hong Mh, Han Hc, Choi W5jon D. Heart rate variability and obesity in- dice
emphasis on the response to noise and standing. Board Fam Pract 2005; 18: 97- 103.

[20]Kimura T, Matsumoto T, Akiyoshi M, Owa Y, Miyasaks Aso T, Moritani T. Body fat and blood lipids in

137



Elsayed A. M. Shokr et al Int J Med Res Health Sci. 2016, 5(4):133-138

postmenopausal women are related to resting agentmnnervous system activity. Eur J Appl Phys-2606; 97:
542-547.

[21]Knudsen N, Laurberg P, Rasmussen Lb, Bilow I, Rerd, Ovesen L. Small differences in thy- roid
function may be important for body mass index ahd bccurrence of obesity in the pop- ulation. JInCli
Endocrinol Metab 2005; 90: 4019-4024.

[22]Malliani A, Pagani M, Furlan R, Guzzetti S, Loci D, Montano N, Cerutti S, Mela Gs. Individual
recognition by heart rate variability of two diféert autonomic profiles related to posture. Cir¢atatl997; 96:
4143-4145.

[23]Manji N, Boelaert K, Sheppard Mc, Holder RI, Gougt, Franklyn JA. Lack of association be- tween seru
TSH or free T4 and body mass in- dex in euthyraigjects. Clin Endocrinol (Oxf) 2006; 64:125-128.

[24] Piccirillo G, Vetta F, Fimognari Fl, Ronzoni S, Lard, Cacciafesta M, Marigliano V. Power spectralyais of heart
rate variability in obese subjects: evidence ofrelesed cardiac sympathetic responsiveness. Inted Rblat Metab
Disord 1996; 20: 825-829.

[25]Poirier P,Hernandez TI, Weil Km, Shepard Tj, EcRél. Impact of diet-induced weight loss on the ahac
autonomic nervous system in severe obesity. Obs28@3; 11: 1040-1047.

[26] Rabbia F, Silke B, Conterno A, Grosso T, De VitoR&bbone |, Chiandussi L, Veglio F. Assessmentadiac
autonomic modulation during adolescent obesity.ddes 2003; 11: 541-548.

[27]Rajalakshmi R, Vijayavageesh Y, Nataraj Sm, Mu-idRar, Srinath Cg. Heart rate variability in In-adi
obese young adults. Pak J Physiol 2012; 8: 39-44.

[28]Rajendra Acharya U, Paul Joseph K, Kannathal id, €Cm, Suri Js. Heart rate variability: a reviewed/Biol
Eng Comput 2006; 44: 1031-1051.

[29]Roef G, Lapauw B, Goemaere S, Zmierczak Hg, Toy&&yfman Jm, Taes Y. Body composition and
metabolic parameters are associated with variatiaghyroid hormone levels among eu- thyroid youngnmEur

J Endocrinol 2012; 167: 719-726.

[30]Roti E, Minelli R, Salvi M. Thyroid hormone metablism in obesity. Int J Obes Relat Metab Disord @@
S113-115.Paolisso G, Manzella D, Montano N, Gamhblla A, Varricchio M. Plasma leptin concentratcand
cardiac autonomic nervous system in healthy subjetth different body weights. J Clin En- docriridetab
2000; 85: 1810-1814.

[31]Routledge Fs, Campbell Ts, Mcfetridge-Durdle Jacd®aSIl. Improvements in heart rate variability with
exercise therapy. Can J Cardiol 2010; 26: 303-312.

[32] Syamsunder An, Pal Gk, Pal P, Kamalanathan CsjaP8d, Nanda N. Association of sympathova- gal
imbalance with cardiovascular risks in overt hypotidism. N Am J Med Sci 2013; 5: 554- 561.

[33] Vega GIl. Results Of Expert Meetings: Obesity andrdi@wvascular Disease. Obesity, the metabolic
syndrome, and cardiovascular disease. Am Hear01;212:1108-1116.

138



