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a b s t r a c t

Objective: Exaggerated exercise blood pressure (BP) predicts mortality. Some studies suggest this could
be explained by chronic hyperlipidemia, but whether acute-hyperlipidemia effects exercise BP has never
been tested, and was the aim of this study.
Methods: Intravenous infusion of saline (control) and Intralipid were administered over 60 min in 15
healthy men by double-blind, randomized, cross-over design. Brachial and central BP (including, pulse
pressure, augmentation pressure and augmentation index), cardiac output and systemic vascular resis-
tance were recorded at rest and during exercise.
Results: Compared with control, Intralipid caused significant increases in serum triglycerides, very low
density lipoproteins and free fatty acids (p < 0.001 for all). However, there was no significant difference
for any exercise hemodynamic variable (p > 0.05 for all).
Conclusion: Acute-hyperlipidemia does not significantly change exercise hemodynamics in healthy
males. Therefore, the association between raised lipids and increased exercise BP is likely due to the
chronic effects of hyperlipidemia.

� 2012 Published by Elsevier Ireland Ltd.

1. IntroductionQ1

Exercise stress testing is a widely used method to screen for
coronary artery disease, and measurement of blood pressure (BP)
is a mandatory recording during the test. Some people have an
exaggerated rise in BP during exercise testing (e.g. systolic
BP > 210 mmHg for men or >190 mmHg for women), and this
response has been shown to predict future development of hyper-
tension, irrespective of resting BP values [1]. Moreover, a recent
meta-analysis reported that exaggerated BP at moderate intensity
exercise (in people free from severe heart disease) predicted
cardiovascular events andmortality, independent of resting BP, age,
sex and cardiovascular risk factors [2]. The underlying cause of this
association is unknown.

Hyperlipidemia is known to increase stiffness of the large
central arteries (e.g. carotid, aorta) [3]. During exercise, ejection of

increased stroke volume into a non-compliant central vascular
system should result in an exaggeration of the normal rise in
exercise BP. Indeed, there are reports of both aortic stiffness
and hyperlipidemia (total cholesterol-to-high-density cholesterol
ratio) being associated with increased brachial BP during
maximal exercise [4,5]. We have also shown that regardless of the
brachial BP response, central aortic BP (i.e. central systolic BP and/
or augmentation index) during moderate intensity exercise is
higher when plasma triglycerides [6] or total cholesterol [7] are
raised.

Taken altogether, chronic hyperlipidemia is implicated as
a possible contributor towards exaggerated exercise brachial and
central BP. Whether similar adverse effects can occur in response
to acute-hyperlipidemia is an important consideration that to
our knowledge has never been examined. The aim of this study
was to determine the exercise hemodynamic effects of acutely
raised serum lipids. In order to limit potential confounding
by sex or disease, a middle aged group of healthy men were stud-
ied. An intravenous fat emulsion (Intralipid), rather than a fatty
meal, was used to raise lipids so that we could study the direct
hemodynamic effects without the influence of postprandial
metabolism.
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2. Methods

2.1. Participants

Fifteen men (aged 49 � 8yrs) free from cardiac or metabolic
medications were recruited. None had a history of coronary artery
disease, diabetes mellitus, left ventricular hypertrophy, aortic valve
stenosis, gastric or duodenal ulcers, disease of the liver, pancreas or
kidney. The study was approved by the local human research ethics
committee and all participants gave written informed consent.

2.2. Study protocol

This was a randomized, double-blind, cross-over study for
which resting ventricularevascular responses have been reported
[8]. Participants were examined on two occasions approximately
one week apart (each after an overnight fast) at approximately the
same time of day. An intravenous cannulawas placed in each arm to
enable infusion (right) and collection (left) of blood samples. Saline
infusionwas commenced directly after a baseline blood samplewas
collected. After 10 min of saline, baseline hemodynamics were
recorded. Following this 500U of heparin (in saline solution) was
given as a bolus to activate lipoprotein lipase. At the first visit,
participants were randomly assigned to receive either saline or
Intralipid (20%). At the second visit, the alternate randomization
option was prescribed. All infusions were administered at 90 mL/h
for 60 min, at the end of which hemodynamic measures were
repeated and a blood sample acquired. Immediately after this,
whilst infusions were continued, each participant undertook
upright seated exercise at a steady state heart rate on a bicycle
ergometer. Exercise intensity was set at a fixed resistance of 75 W,
as well as at intensities equivalent to 60% and 70% of age-predicted
maximal heart rate (220 e age *0.60 or 0.70), and these were
performed in step-wise increasing intensity according to the
exercise heart rate achieved. Steady state was defined as stable
heart rate after at least two minutes exercise at each intensity and,
once achieved, all hemodynamic measures (BP, tonometry and
echocardiography) were recorded while the participant continued
exercising. All measures were acquired within w90 min of starting
infusions and were performed by a person blinded to treatment
allocation.

2.3. Hemodynamics

All BP and tonometry measures were recorded in duplicate. An
automated BP monitor (52000, Welch-Allyn, NY, USA) was used to
measure resting brachial BP, whereas auscultatory mercury
sphygmomanometry was used during exercise. Central BP was
recorded by radial tonometry using a validated device (Sphygmo-
Cor, AtCor Medical, Sydney, Australia) [9]. Radial waveforms were
calibrated with the average of the brachial BP measures taken
immediately before waveforms. Pulse pressure, augmentation
index and pulse pressure amplificationwere recorded as previously
described [7]. Left ventricular volumes were recorded with trans-
thoracic echocardiography using a Vivid 9 ultrasound machine
(GE Medical Systems) with a 2.5 MHz transducer. Stroke volume
was determined from the difference between end-diastolic and
end-systolic volumes recorded from the average of both four-
chamber and long-axis views. Cardiac output was defined as;
stroke volume � heart rate and systemic vascular resistance as;
mean arterial pressure/cardiac output. From our previous exercise
reproducibility study [10] it was determined that a between-group
difference of 7.6 mmHg in central pulse pressure could be detected
during moderate exercise with 15 participants (a ¼ 0.05 and
b ¼ 0.20).

2.4. Blood measures

Serum lipids were measured via standard clinical pathology
systems (SYNCHRON LX System, Beckman Coulter, CA, USA) and
free fatty acids using VITROS 5,1 FS Chemistry System (Ortho-
Clinical Diagnostics, NY, USA).

2.5. Statistics

Data were analyzed using SPSS version 18.0 (SPSS Inc, Chicago,
Illinois) and presented as mean � SD with p < 0.05 considered
significant. Paired samples t-tests were used to test for baseline
differences between visits as well as the delta values between
groups. Pearson correlations were used to determine relationships
between variables. Mixed betweenewithin analysis of variance and
multivariate statistics were used to determine the main effects
for 1) time: as the change of measured variables from rest to each
exercise intensity (75 W, 60% and 70% maximal heart rate); 2)
intervention: as the comparison for each variable between control
and Intralipid and; 3) interaction: as the difference between
interventions over time. Analysis was performed at all time points
as well as from rest to 75Wonly. Significance was determined with
the Wilks’ Lambda test.

3. Results

There were no significant differences between visits for any
baseline variable (p > 0.05 for all), nor were there significant
differences in workload intensity between groups at 60% (saline
113 � 42 W, Intralipid 107 � 38 W) or 70% (saline 152 � 44 W,
Intralipid 150 � 38 W) age-predicted maximal heart rate (mean
difference, 6� 14Wand 2� 17W respectively, p¼ 0.391). Baseline
serum triglycerides (taken on all participants at saline visit) were
significantly correlated with central pulse pressure, augmentation
pressure and systolic BP during exercise at 60% maximal heart rate
(r ¼ 0.76; r ¼ 0.53, r ¼ 0.68 respectively, p < 0.05 for all), but not
at rest (r ¼ 0.42, 0.28, 0.35 respectively, p > 0.12 for all). Low
density lipoproteins reduced after Intralipid (3.50 � 0.78 to
2.81 � 1.05 mmol/L versus 3.29 � 0.79 to 3.4 � 0.82 mmol/L;
p < 0.001) and there was no change in high density lipoproteins
(1.19 � 0.24 to 1.19 � 0.24 mmol/L versus 1.15 � 0.25 to
1.17 � 0.23 mmol/L; p ¼ 0.22) or total cholesterol (5.10 � 0.74 to
5.07 � 0.75 mmol/L versus 4.88 � 0.80 to 4.89 � 0.86 mmol/L;
p ¼ 0.52). Compared with control infusion, Intralipid caused
significant increases in serum triglycerides (0.86 � 0.41 to
2.51 �1.53 mmol/L versus 1.00 � 0.57 to 0.68 � 0.38 mmol/L), very
low density lipoproteins (0.39 � 0.18 to 1.01 � 0.49 mmol/L versus
0.45 � 0.25 to 0.31 � 0.17 mmol/L) and free fatty acids (0.35 � 0.25
to 1.64 � 0.55 mmol/L versus 0.33 � 0.13 to 0.65 � 0.32 mmol/L)
(between-group delta p < 0.001 for all). However, there was no
significant difference between control and Intralipid infusions for
any peripheral or central hemodynamic variable at rest or during
exercise (see Table 1; p > 0.05 for all, whether assessed at all time
points or only from the change from rest to 75 W).

4. Discussion

In this study we have induced an acute increase in serum
triglycerides, very low density lipoproteins and free fatty acids, and
examined the hemodynamic responses during exercise. This work
was undertaken to discern whether the previously reported asso-
ciations between hyperlipidemia and exaggerated exercise BP
(brachial and central) [4,6,7] was a phenomenon related to chronic-
or acute-hyperlipidemia. Consistent with previous studies [6,7],
highly significant associations were observed between exercise
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central BP and baseline (chronic) lipid concentrations. However, the
lack of change in exercise BP (or other hemodynamics) despite
significant increases in serum lipids suggests that the underlying
vascular causes of exaggerated exercise BP may be related to
chronic, rather than acute, exposure to high serum lipids. These
observations do not negate the possibility of significant vascular
changes occurring in response to acute-hyperlipidemia. Indeed,
studies have shown impairment of endothelial function with
Intralipid and raised free fatty acids [11], possibly occurring
via mechanisms involving leukocyte activation from enhanced
angiotensin II production in mononuclear and polymorphonuclear
cells [12].

Although a priori sample size was determined from our exercise
reproducibility data [10], the anticipated magnitude of difference
between interventions was reasonably large and, as such, subtle
hemodynamic effects may have been missed with the relatively
small sample. Similarly, greater variability in some methods (i.e.
cardiac output measured using echocardiography) may have
contributed to the lack of a significant effect from Intralipid. Also
there was no significant increase in low density lipoprotein
cholesterol after Intralipid infusion and it is possible that acute
elevation of this lipoprotein using a different study design would
alter exercise hemodynamics. Furthermore, proactive measures to
mitigate ex vivo inhibition of lipolysis were not carried out and this
may have artifactually raised fatty acid concentrations [13].
There also remains the possibility that the exposure time or
magnitude of lipid elevation was insufficient to stimulate major
hemodynamic responses. Indeed, other studies have reported
elevations of resting BP after longer Intralipid infusion periods
(1.5e3 h [14] and 4 h [15]), but these studies did not report BP
changes over one hour (or exercise BP) and were in patient pop-
ulations (obese African Americans with type 2 diabetes and
patients with Chagas disease) as well as healthy controls. In
summary, acute-hyperlipidemia, induced by 60 min Intralipid
infusion, had no significant impact on exercise hemodynamics in
healthy men. These findings suggest that chronic hyperlipidemia
has more relevance than acute-hyperlipidemia with respect to
adverse exercise hemodynamics.

Funding

Dr Sharman was supported by a National Health and Medical
Research Council of Australia Career Development Award (refer-
ence 569519). The studywas supported by a grant from the Princess

Alexandra Hospital Foundation, but the sponsor had no role in
study design, collection, analysis or interpretation of data, nor in
the writing of the report or the decision to submit the article for
publication.

Disclosure

Dr Sharman has research collaborations with AtCor Medical.
None of the other authors declare a conflict.

Acknowledgment

We are grateful for the statistical support from Petr Otahal.

References

[1] Manolio TA, Burke GL, Savage PJ, Sidney S, Gardin JM, Oberman A. Exercise
blood pressure response and 5-year risk of elevated blood pressure in a cohort
of young adults: the CARDIA study. Am J Hypertens 1994;7(3):234e41.

[2] Schultz MG, Otahal P, Cleland V, Blizzard C.L, Marwick TH, Sharman JE, A
hypertensive response to exercise predicts cardiovascular events and
mortality in apparently healthy individuals: a systematic review and meta-
analysis. J Am Coll Cardiol, Submitted for Publication.

[3] Wilkinson I, Cockcroft JR. Cholesterol, lipids and arterial stiffness. Adv Cardiol
2007;44:261e77.

[4] Thanassoulis G, Lyass A, Benjamin EJ, et al. Relations of exercise blood pres-
sure response to cardiovascular risk factors and vascular function in the Fra-
mingham Heart Study. Circulation 2012. Q2

[5] Tsioufis C, Dimitriadis K, Thomopoulos C, et al. Exercise blood pressure
response, albuminuria, and arterial stiffness in hypertension. Am J Med 2008;
121(10):894e902.

[6] Sharman JE, Brown J, Holland DJ, Macdonald G, Kostner K, Marwick TH.
Influence of altered blood rheology on ventricularevascular response to
exercise. Hypertension 2009;54(5):1092e8.

[7] Sharman JE, McEniery CM, Dhakam ZR, Coombes JS, Wilkinson IB, Cockcroft JR.
Pulse pressure amplification during exercise is significantly reduced with age
and hypercholesterolemia. J Hypertens 2007;25(6):1249e54.

[8] Holland DJ, Erne D, Kostner K, et al. Acute elevation of triglycerides increases
left ventricular contractility and alters ventricularevascular interaction. Am J
Physiol Heart Circ Physiol 2011;301(1):H123e8.

[9] Sharman JE, Lim R, Qasem AM, et al. Validation of a generalized transfer
function to noninvasively derive central blood pressure during exercise.
Hypertension 2006;47(6):1203e8.

[10] Holland DJ, Sacre JW, McFarlane SJ, Coombes JS, Sharman JE. Pulse wave
analysis is a reproducible technique for measuring central blood pressure
during hemodynamic perturbations induced by exercise. Am J Hypertens
2008;21(10):1100e6.

[11] Steinberg HO, Tarshoby M, Monestel R, et al. Elevated circulating free fatty
acid levels impair endothelium-dependent vasodilation. J Clin Invest 1997;
100(5):1230e9.

[12] Azekoshi Y, Yasu T, Watanabe S, et al. Free fatty acid causes leukocyte acti-
vation and resultant endothelial dysfunction through enhanced angiotensin II

Table 1
Hemodynamic variables at rest and during exercise after saline and Intralipid infusion.

Variable Intervention Rest Exercise at 75 W Exercise at 60% maximal HR Exercise at 70% maximal HR

Brachial systolic blood pressure (mmHg) Saline 120 � 8 140 � 13 156 � 17 182 � 20
Intralipid 118 � 10 144 � 19 156 � 20 179 � 19

Central systolic blood pressure (mmHg) Saline 109 � 10 117 � 12 129 � 14 142 � 14
Intralipid 107 � 11 120 � 15 126 � 15 141 � 14

Central pulse pressure (mmHg) Saline 32 � 5 39 � 5 45 � 10 55 � 10
Intralipid 30 � 6 40 � 9 44 � 9 54 � 9

Augmentation index (%) Saline 19 � 13 8 � 7 3 � 10 �6 � 11
Intralipid 17 � 11 6 � 10 0 � 10 �4 � 12

Pulse pressure amplification (ratio) Saline 1.36 � 0.17 1.64 � 0.11 1.73 � 0.13 1.82 � 0.08
Intralipid 1.42 � 0.18 1.67 � 0.14 1.76 � 0.13 1.80 � 0.10

Mean arterial pressure (mmHg) Saline 90 � 10 96 � 11 105 � 11 113 � 11
Intralipid 89 � 9 98 � 12 101 � 12 111 � 12

Cardiac output (L/min) Saline 2.1 � 1.1 4.5 � 1.8 4.6 � 2.1 4.8 � 1.0
Intralipid 2.5 � 0.6 5.2 � 0.9 5.1 � 1.9 5.7 � 1.8

Systemic vascular resistance (PRU) Saline 34 � 8 24 � 10 27 � 13 24 � 5
Intralipid 36 � 7 19 � 5 23 � 10 22 � 9

J.E. Sharman et al. / Atherosclerosis xxx (2012) 1e4 3

Please cite this article in press as: Sharman JE, et al., Acute elevation of lipids does not alter exercise hemodynamics in healthy men:
A randomized controlled study, Atherosclerosis (2012), http://dx.doi.org/10.1016/j.atherosclerosis.2012.10.047

241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305

306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370

ATH12794_proof ■ 25 October 2012 ■ 3/4

Original text:
Inserted Text
[space]

Original text:
Inserted Text
[space]

Original text:
Inserted Text
[space]

Original text:
Inserted Text
e

jsharman
Cross-Out

jsharman
Cross-Out

jsharman
Inserted Text

jsharman
Inserted Text
 J Hypertens

jsharman
Cross-Out

jsharman
Inserted Text

jsharman
Inserted Text
Accepted 

jsharman
Inserted Text
 19 Oct 2012

jsharman
Cross-Out

jsharman
Inserted Text
.

jsharman
Inserted Text
;125(23):2836-43.



production in mononuclear and polymorphonuclear cells. Hypertension 2010;
56(1):136e42.

[13] Zambon A, Hashimoto SI, Brunzell JD. Analysis of techniques to obtain plasma
for measurement of levels of free fatty acids. J Lipid Res 1993;34(6):1021e8.

[14] Silva CC, Santos CA, Mostarda C, Krieger EM, Lopes HF. Blood
pressure, metabolic and autonomic responses to insulin and

intralipid(R) infusion in chagasic patients. Arq Bras Cardiol 2012;
98(3):225e33.

[15] Umpierrez GE, Smiley D, Robalino G, et al. Intravenous intralipid-
induced blood pressure elevation and endothelial dysfunction in obese
AfricaneAmericans with type 2 diabetes. J Clin Endocrinol Metab 2009;
94(2):609e14.

J.E. Sharman et al. / Atherosclerosis xxx (2012) 1e44

Please cite this article in press as: Sharman JE, et al., Acute elevation of lipids does not alter exercise hemodynamics in healthy men:
A randomized controlled study, Atherosclerosis (2012), http://dx.doi.org/10.1016/j.atherosclerosis.2012.10.047

371
372
373
374
375

376
377
378
379
380

ATH12794_proof ■ 25 October 2012 ■ 4/4




