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Association of Metabolic Syndrome with Exercise Capacity and
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Heart rate recovery (HRR) immediately after a treadmill exercise test is a function of vagal reactivation. A delayed

heart rate recovery is associated with an increased risk for overall cardiovascular mortality. The purpose of this study is

to find out if metabolic syndrome is associated with autonomic nerve function and exercise capacity in healthy adults.
We measured the treadmill exercise capacity (METs) and heart rate recovery in 119 subjects through a medical checkup
at J General Hospital. The metabolic syndrome was defined according to the National Cholesterol Education Program
Adult Treatment Panel III (NCEP-ATP III) criteria. The value for the HRR was defined as the difference between the
heart rate obtained during the peak exercise and the heart rate obtained at first minute during the recovery period. The
subjects with the metabolic syndrome had significantly lower exercise duration (9.6£1.5 vs 8.7£1.4), METs (11.6£1.7
vs 10.4£2.5), and HRR (37.5£14.3 vs 27.1£8.9). The waist circumference in subjects with the metabolic syndrome
was more strongly correlated with HRR (r=-.517, P<.001) than in normal subjects. Furthermore, delayed HRR was
associated with high resting heart rate and increased waist circumference (P=.032, P<.001, respectively). In conclusion,

delayed HRR during the first minute after a treadmill exercise test was associated with the metabolic syndrome risk

factors. Delayed HRR was also associated with high resting heart rate and increased waist circumference.
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Table 1. The clinical characteristics of the subjects

Variable I\(Igi_%[)s (nl\=/[§ 4)
Age (years) 49.5%6.5 51.87.5
Female (%) 31 (41.3%) 13 (29.5%)
Height (cm) 164.6+8.4 166.6+8.3
Weight (kg) 61.4+9.7 77.4+12.8"
BMI (kg/m?) 22.6%2.6 27.74£3.5™
Muscle mass (kg) 434%79 50.4+8.9™
Body fat mass (kg) 142+42 227463
Waist circumference (cm) 76.1£6.9 90.448.6™
Hip circumference (cm) 91.4t4.9 99.5+7.8™
Systolic BP (mmHg) 104.0+12.1 125.7£19.2™
Diastolic BP (mmHg) 67.1£9.0 91.5+13.2™
Homocysteine (umol/L) 11.0+3.7 12.5%4.0°
Insulin (WU/mL) 3.7+2.6 8.414.9™
HbAlc (%) 55403 6.3£1.0™
Glucose (mg/dL) 88.3+7.9 111.6£31.6™
HDL-cholesterol (mg/dL) 61.2+13.2 427492
LDL-cholesterol (mg/dL) 125.2£29.3 119.3£30.5
Total cholesterol (mg/dL) 200.9%31.1 191.2£31.3
Triglyceride (mg/dL) 96.5+34.8 205.4+98.9™
Uric acid (mg/dL) 5.1%14 6.0+14"
CRP (mg/dL) 0.1940.48 0.35+0.90
Previous diagnosis

Hypertension (%) 0 23 (52.3%)

Diabetes mellitus (%) 0 2 (4.5%)
Values are Mean + SD. **, P<.001; ", P<.01; ", P<.05.

Abbreviation: MS, metabolic syndrome; n, number of the subjects;
BMI, body mass index; BP, blood pressure; HbAlc, hemoglobin
Alc; HDL, high density lipoprotein; LDL, low density lipoprotein;
CRP, C-reactive protein.
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Table 2. Exercise capacity and haemodynamic parameters during
exercise treadmill test

Table 3. Correlation between heart rate recovery and exercise
capacity or metabolic risk factors

. Non-MS MS
Variable (n=75) (n=44)
Resting HR (beats/min) 59.8t£7.9 65.2+10.8"
Resting systolic BP o

110.7£14.6 126.8+14.9
(mmHg)
Resting diastolic BP .
68.4£10.0 81.1Ex12.1
(mmHg)
Resting RPP 6625.6+1303.7  8301.2£1919.1"
Maximum HR 161.0£10.7 152.3+14.1™
(beats/min)
Maximum systolic BP ik
156.2%19.1 178.1+224
(mmHg)
Maximum diastolic BP ok
75.719.9 87.0t12.5
(mmHg)
Maximum RPP 25211.743949.7 27239.31+4845.8"
Exercise duration (min) 9.6x1.5 8.7+1.4™
Exercise capacity + 4 g
(METs) 11.6x1.7 10.4%2.5
HRR (beats/min) 37.5%143 27.148.9™
CI 0.91£0.07 0.84+0.10™"

Values are Mean + SD. *, P<.001; *, P<.01; ", P<.05.
Abbreviation: HR, heart rate; RPP, rate pressure product; METs,
metabolic equivalents; HRR, heart rate recovery; CI, chronotropic
index.
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Variable Coefficient P value
BMI (kg/m®) -384 <001™
Systolic BP (mmHg) -287 002"
Diastolic BP (mmHg) -269 003
Glucose (mg/dL) -244 .008™
Total cholesterol (mg/dL) .016 .861
HDL-cholesterol (mg/dL) 396 <001™
LDL-cholesterol (mg/dL) -.079 395
Triglyceride (mg/dL) -284 002™
Exercise duration (min) .064 491
Exercise capacity (METs) .059 524
Resting HR (beats/min) -298 001
CI 189 040"

™, P<.001; 7, P<.01; ", P<.05.

Abbreviation: HRR, heart rate recovery; BMI, body mass index;
BP, blood pressure; HDL, high density lipoprotein; LDL, low
density lipoprotein; METs, metabolic equivalents; CI, chronotropic
index.
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Fig. 1. Correlation with heart rate recovery (HRR) and waist
circumference.
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Table 4. Multiple linear regression between heart rate recovery
and metabolic risk factors

Variable B P-value
BMI (kg/m?) 225 114
Waist circumference (cm) -.623 <001™
Systolic BP (mmHg) -.097 .616
Diastolic BP (mmHg) .098 .605
Glucose (mg/dL) 112 298
Total cholesterol (mg/dL) .067 .883
HDL-cholesterol (mg/dL) 119 .587
LDL-cholesterol (mg/dL) -.130 770
Triglyceride (mg/dL) -.038 817
Exercise duration (min) -.005 974
Exercise capacity (METs) -013 930
Resting HR (beats/min) -.206 032"
CI .064 445

R?(adj. R?) = 349 (.266)

R?, coefficient of determination; ™ P<.001; *,P<.05.
Abbreviation: HRR, heart rate recovery; BMI, body mass index;
BP, blood pressure; HDL, high density lipoprotein, LDL, low
density lipoprotein; METs, metabolic equivalents; CI, chronotropic
index.
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WEFE AGL 7t AR Qa8
o] X418 Kol (Sung et al, 2006), 754 oA 914 =
EH}\]'OE q]/\}.z_ﬁ; 5;464 OO]IL]_ /K]l:ﬂ—/" QEZ_}q
o] &= Ao = HuFEC} (Nilsson et al., 2007).
TN SIS A 5A AL Bt
= ol Hlal thAksFt Aektol M Al vebs e
o, %%Z]é?/\] 7t} METs (metabolic equivalents), 485+~
3|52 tASSr Xktol| A s el
2lg Ad= gr et
A e

el

R
L

¢

Oi e rx&

o

ol A s “‘“%F 3]
& = Holu (Sung et al, 2006), 4!
= e A Aekatol A st

th= A1 23} (Deniz et al,, 2007)9} L =gt} =3k
Ak STk WA 249 S B w2
o] o, Ay AR F7Fe] dS5Qlxteltt

(Deniz et al., 2007). 124} ©]2]gt AF= tASSL 2

WE F B ALRASE oA gon, Hu

fiA

or

(e}
S

5o Adrv|Eo R 357] 33 AvrE 483 Al
SHd-& 7R3l It} (Sung et al., 2006).
Aol A Ak 3ne] Hae v S5

o=
thal A AT (Cole et al,, 1999). 12} & T A
A= Ao A FHEe Aukss 383 o] gl
o2 Hi¥ct (Sungetal, 2006).
B A E Al 3183 S-5XHA 3 METs

Ao ey,

0101}\1 117(—114 OE

°| ﬁ A=
Al
]_143} 7}24 x%v_i _T‘Xot}_ METs
Fog AluEd, e
@ ot A7) Baske 47

1% (wall tens10n)°] TO 75} 2!
of o3 A Ao m A= Zdol dgsht 549 o
A wwol AvbEet #57] 4] W (rate pressure
product) ©]-&3ato] M ASE FH= o] FE

o] &-Ht} (Jorgensen et al. 1977)

XlT—é Holal ;JEU:L ‘{Vé"l@r o &2

Ea
ulago] 7l VRt 3 Auksl £57] dgte] o
<
g

AFFE AGTAA A et Ee A A
Lnlge uglen, e Hggew A A S5
Mtz o] 37 Ve 19102 g}
F 7kt @ AN 9 Age) Bk A A
AraHlFe ZHReY, 5 F hee 299 45e
NN} e AT ATe] BUEAE A9 A
@S U F Qi 89102 4§ (Kim and Shin

T} (Isomaa et al., 2001).

HIREA] 329} 5 § ARk 3R] S99 #
o] e, 53] FAAYH slel=wel S/ At
S ghapell A Ak B3I fo)gk o] Sl A
©2 B (Dimkpa and Oji, 2009).

A, st A 35 P e
35 HolH, SPFA] Autet sefEdle Ak 3
FES v ggeclez yephtl ey tha
o Aekrol A trolol B o3t AT A, F, BﬂE}

fob 2 R

-309 -



AA] Bl 2 a2 ofgR-go] AEA 7] &
A G MR NS 58S AAATE Qo
LFERSET} (Katircibasi et al., 2005; Deniz et al., 2007). ©] &gk
A3he B 250 A% AF gat WFET AY
ag]lel] FAARN FFE MAH, thASS $1asld

[e) R8s
SESEN P B PlE 9

tlo
=)
NG

AEH o7 AT 9dale vuFAA e
A3 Ak 3)3e] Alskel yhdo] glom, FelEd|e}
FGA Aubars Ak 3l d3e MAE 93a]]

REFERENCES

Arai Y, Saul JP, Albrecht P, Hartley LH, Lilly LS, Cohen RJ,
Colucci WS. Modulation of cardiac autonomic activity
during and immediately after exercise. Am J Physiol. 1989.
256(1 Pt 2): H132-141.

Cheng YJ, Lauer MS, Earnest CP, Church TS, Kampert JB,
Gibbons LW, Blair SN. Heart rate recovery following maximal

exercise testing as a predictor of cardiovascular disease and

all-cause mortality in men with diabetes. Diabetes Care 2003.

26: 2052-2057.

Cole CR, Blackstone EH, Pashkow FJ, Snader CE, Lauer MS.
Heart-rate recovery immediately after exercise as a predictor
of mortality. N Engl J Med. 1999. 341: 1351-1357.

Deniz F, Katircibasi MT, Pamukcu B, Binici S, Sanisoglu SY.
Association of metabolic syndrome with impaired heart rate
recovery and low exercise capacity in young male adults.
Clin Endocrinol (Oxf). 2007. 66: 218-223.

Dimkpa U, Oji JO. Association of heart rate recovery after exercise
with indices of obesity in healthy, non-obese adults. Eur J
Appl Physiol. 2009. 108: 695-699.

Expert panel on Detection, Evaluation and Treatment of High
Blood Cholesterol in Adults. Executive summary of the third
report of the national cholesterol education program (NCEP)
expert panel on detection, evaluation, and treatment of high
blood cholesterol in adults (Adult Treatment Panel IIT). JAMA.
2001. 285: 2486-2497.

Fletcher GF, Balady GJ, Amsterdam EA, Chaitman B, Eckel R,

Fleg J, Froelicher VF, Leon AS, Pifa IL, Rodney R, Simons-
Morton DA, Williams MA, Bazzarre T. Exercise standards
for testing and training: a statement for healthcare pro-
fessionals from the American Heart Association. Circulation
2001. 104: 1694-1740.

Huang PH, Leu HB, Chen JW, Cheng CM, Huang CY, Tuan TC,
Ding PY, Lin SJ. Usefulness of attenuated heart rate recovery
immediately after exercise to predict endothelial dysfunction
in patients with suspected coronary artery disease. Am J
Cardiol. 2004. 93: 10-13.

Imai K, Sato N, Hori M, Kusuoka H, Ozaki H, Yokoyama H.
Vagally mediated heart rate recovery after exercise is
accelerated in athletes but blunted in patient with chronic
heart failure. ] Am Coll Cardiol. 1994. 24: 1529-1535.

Isomaa B, Almgren P, Tuomi T, Forsén B, Lahti K, Nissén M,
Taskinen MR, Groop L. Cardiovascular morbidity and
mortality associated with the metabolic syndrome. Diabetes
Care 2001. 24: 683-689.

Jae SY, Ahn ES, Heffernan KS, Woods JA, Lee MK, Park WH,
Fernhall B. Relation of heart rate recovery after exercise to
C-reactive protein and white blood cell count. Am J Cardiol.
2007. 99: 707-710.

Jae SY, Carnethon MR, Heffernan KS, Choi YH, Lee MK, Park
WH, Fernhall B. Slow heart rate recovery after exercise is
associated with carotid atherosclerosis. Atherosclerosis 2008.
196: 256-261.

Jorgensen CR, Gobel FL, Taylor HL, Wang Y. Myocardial blood
flow and oxygen consumption during exercise. Ann N Y
Acad Sci. 1977. 301: 213-223.

Katircibasi MT, Canatar T, Kocum HT, Erol T, Tekin G, Demircan
S, Tekin A, Sezgin AT, Baltali M, Muderrisoglu H. Decreased
heart rate recovery in patients with heart failure: effect of
fluvastatin therapy. Int Heart J. 2005. 46: 845-854.

Kim Y], Shin YO. Effects of aerobic exercise on cardiopulmonary-
related factors in exercise-induced hypertension patients.
Korean Society of Exercise Physiology 2007. 16: 131-140.

Lind L, Andrén B. Heart rate recovery after exercise is related to
the insulin resistance syndrome and heart rate variability in
elderly men. Am Heart J. 2002. 144: 666-672.

Nilsson G, Hedberg P, Jonason T, Lonnberg I, Ohrvik J. Heart rate
recovery is more strongly associated with the metabolic
syndrome, waist circumference, and insulin sensitivity in
women than in men among the elderly in the general popu-
lation. Am Heart J. 2007. 154: 460-467.

Savonen KP, Lakka TA, Laukkanen JA, Halonen PM, Rauramaa

-310 -



TH, Salonen JT, Rauramaa R. Heart rate response during
exercise test and cardiovascular mortality in middle-aged
men. Eur Heart J. 2006. 27: 582-288.

Savonen KP, Kiviniemi V, Laaksonen DE, Lakka TA, Laukkanen
JA, Tuomainen TP, Rauramaa R. Two-minute heart rate
recovery after cycle ergometer exercise and all-cause mortality
in middle-aged men. J Intern Med. 2011. (in press)

Schwartz PJ, La Rovere MT, Vanoli E. Autonomic nervous system
and sudden cardiac death. Experimental basis and clinical
observations for post-myocardial infarction risk stratification.
Circulation 1992. 85(1 suppl): 77-91.

Spies C, Otte C, Kanaya A, Pipkin SS, Schiller NB, Whooley MA.

Association of metabolic syndrome with exercise capacity

and heart rate recovery in patients with coronary heart disease
in the heart and soul study. Am J Cardiol. 2005. 95: 1175
-1179.

Sung J, Choi YH, Park JB. Metabolic syndrome is associated with
delayed heart rate recovery after exercise. J Korean Med Sci.
2006. 21: 621-626.

Vivekananthan DP, Blackstone EH, Pothier CE, Lauer MS. Heart
rate recovery after exercise is a predictor of mortality, in-
dependent of the angiographic severity of coronary disease. J
Am Coll Cardiol. 2003. 42: 831-838.

World Health Organization. West Pacific Region. The Asia-pacific
Perspective: redefining obesity and its treatment. International
Obesity Task Force. 2000. 2: 15-21.

-311-



