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Abstract

BACKGROUND: Postprandial lipid clearance failure and lipoprotein disorders, which are
independent risk factors for cardiovascular diseases are well-recognized in type II diabetes.
Reduction of fats through exercise has been proved, though the mechanism is not well-defined,
and the effects of different intensity exercise on postprandial lipidemia in diabetes type II is
unknown. This study aims to find these effects using a cycle ergometer.

METHODS: On three different days, 15 type II diabetics (10 women and 5 men, with a mean age
42.07 + 6.05 years, weight 94.64 + 4.37 kg, height 159.78 + 9.09 cm, and body mass index
29.83 + 3.93 kg/m2), consumed a full fat breakfast (750-800 keal, 85% fat), and 150 min later,
blood samples were taken from them to measure their lipid profile. The 1t day was the control
day, without any exercises. Seven days later, 90 min after enriched breakfast, they did 30 min of
exercise on the cycle ergometer with intensity of 55-70% of maximum heart rate (HRmax), and
14 days later, 90 min after enriched breakfast, they did 30 min of exercise with intensity of
70-85% of HRmax.

RESULTS: According to Friedman non-parametric test, high-density lipoprotein (HDL)
cholesterol serum level significantly increased after 30 min of moderate intensity exercise
(P > 0.05, from 39.4 £ 5.2 to 48.6 + 9.3), while this increase was insignificant after a higher
intensity exercise. Neither intensity levels had any significant effects on triglyceride or on
low-density lipoprotein cholesterol.

CONCLUSION: Results showed that moderate intensity exercise was more effective in increasing
HDL cholesterol level in type II diabetics.
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lipoprotein (LDL), and increased less dense, smaller
LDL particles in plasma.®” It has been over 30 years
since the publication of information identifying

Introduction

Since the middle of the 20% century, the rapid
increase in prevalence of diabetes has become a relationship between postprandial hyperlipidemia,
major  concern  for the World  Health and CVDs and atherosclerosis.”

Organization,'> and over 246 million current There have been numerous studies on
number of diabetes is forecast to increase to 380 advantages of consistent aerobic exercises on

million by 2025.3 Diabetes is a group of metabolic
diseases. Over the past three decades, postprandial
hyperlipidemia has been the most common diabetes
disorder, responsible for pancreatic disorders,
insulin resistance, and type II diabetes,*> as well as
high incidence of cardiovascular diseases (CVDs).0
Postprandial lipid increase includes triglyceride (TG)
rich lipoproteins, increased very low-density

postprandial lipid reduction,®1¢ showing effects
remaining 11-18 h after eating fatty food.!¢-18
However, no research has been conducted into the
effect of different intensity exercise on postprandial
lipidemia in diabetes type 1I patients.!2 This study
aims to investigate the effect of different intensity
of exercises on reducing postprandial lipidemia in
patients with diabetes type II.
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Materials and Methods

This applied, cross-sectional, and semi-expetimental
study was conducted on type II diabetic patients
attending Isfahan Cardiovascular Research Center in
2010, with age ranging from 30 to 50 years. After
completion of a questionnaire containing such
information as age, gender, body mass index, medical
history, including kidney, liver, eye, and CVDs; insulin
intake, physical activity and diet. Based on blood
pressure and electrocardiogram and normal laboratory
standards and after completing a consent form, 15
type 1I diabetic patients (5 males and 10 females) were
selected. Those with diabetes complications such as
retinopathy, CVDs, skin diseases, joint diseases, and
lipid disorders were excluded from the study.
Preliminary tests
Physical examination and measurements of weight,
height, body mass index (BMI) were carried out,
and under specialist’s supervision, treadmill exercise
test was conducted according to Bruce protocol and
maximum intensity exercise for each patient was
determined during the rest after 5-15 min of
exercise. Exercise intensity was found by Carnen
method as follows:

Heart rate at reserve (HRR) = HRmax — heart
rate at rest (HRyes)

Target heart rate (THR) (intensity %) = HRrest +
(intensity %) (HRmax — HRrest)

Or

THR (intensity %) = HR + (intensity %) HRR.

According to exercise test and medical
examination, all patients were healthy in
cardiovascular terms.
Main tests
Seven days after an exercise test, all patients
participated in a 3-day study protocol with 7 days
interval. On each day, blood samples were taken 150
min after entiched breakfast. The 15t day was a control
day with no exercise. On the other 2 days, 90 min after
breakfast, patients exercised on the ergometer bicycle
with different intensities for 30 min.
The 15t day
Full fat breakfast included; 150 g bread, 25 g butter,
100 g cream cheese, and 200 ml milk (85% fat), and
no exercise. Blood samples were taken 150 min
after enriched breakfast.
The 2nd day
Seven days later, 90 min after the same type of
enriched breakfast, patients exercised on a cycle
ergometer for 30 min with 55-75% maximum heart
rate (HRmax) intensity.
The 3+ day
Much the same as the 2°d day, but with 70-85%

HRmax intensity.

Exercise sessions and intensities

Each 30 min session involved 5 min of warm-up, 20
min of exercise with specified intensity, and 5 min
of cooling down. Caronen method was used
according to each patient’s intensity result from
exercise test, and under specialist’s supervision,
bicycle ergometer resistance was altered accordingly.
Blood sampling

To determine lipoprotein and lipidemia indices, 10
cc of blood was taken from the antecubital vein of
the left arm in seating position, 150 min after
enriched breakfast on each day of the test. Blood
samples were immediately cooled down to 4° C
and centrifuged at 2000 rpm for 15 min, separating
its serum. Serum total cholesterol, TG, high-
density lipoprotein (HDL) cholesterol, and glucose
were measured using Pars Azmoon Company Kkits,
and LDL cholesterol was measured using Randox
Company kit.

Data analysis

The SPSS for windows (version 16, SPSS Inc.,
Chicago, IL, USA) was used for data analysis in two
stages; descriptive with mean * standard deviation
and inferential statistics using non-parametric
Friedman test. Significance level was set at P > 0.05
for all patients.

Results

Participants’ characteristics

Fifteen type 11 diabetic patients (5 men and 10
women) with a mean age of 42.07 £ 6.05 years,
BMI of 29.83 £ 3.93 kg/m?2, and with 1.0 £ 0.8
years since their diagnosis with type 11 diabetes were
studied. Exercise test results, biochemical, and
clinical details of patients are presented in table 1.
Postprandial lipidemia response after moderate
and high intensity physical activity

The mean serum HDL cholesterol increased
somewhat after enriched breakfast, and increased
significantly after moderate intensity exercise. High
intensity exercise increased HDL cholesterol only a
little (Table 2). According to the Friedman test,
there was a significant difference between the two
levels of exercise intensity for serum HDL
cholesterol. In fact, moderate intensity exercise
increased postprandial HDL more than high
intensity exercise (Figure 1). After intake of fat-
enriched  breakfast, patients’ plasma TG
concentration increased, but reduced again after
exercise (Table 2). Moderate intensity exercise
reduced mean TG level more than high intensity
(Figure 2). But, the difference between exercise
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intensities in reducing TG was insignificant Table 1. Biochemical and clinical details and exercise
according to Friedman test (P > 0.274) (Table 2). test results of type II diabetic patients
There was no significant difference in mean Variables Mean £ SD (n = 15)
postprandial serum LDL level after high and Age (year) 42.07 + 6.05
Fnodelfate inter}sity exercize (Pd<L%(f)’hthoughé high Height (cm) 159.78 + 9.09
intensity exercise more reduce than moderate Weight (ke) 0464 + 437
intensity (Figure 3).
BMI (kg/m?) 29.83 £ 3.93

Discussion WHR 0.87 + 0.46
In recent years, not only has postprandial BP (mmHg) 122.60 £ 13.65
hypetlipidemia been taken as the most common BS (mg/dl) 167.06 = 59.71
sign and risk factor of CVDs and athrosclerosis in TG (mg/dl) 195.93 + 77.30

type II diabetes, it is also now being taken as the
main predictor of CVDs. The relationship between
postprandial hyperlipidemia and level of exercise

Total cholesterol (mg/dl) 184.46 + 33.32
LDL cholesterol (mg/dl) 113.92 £+ 30.21

remains unclear,2123 in spite of recent studies on the HDL cholesterol (mg/dl) 39.40 £ 5.27
role of exercise in treatment and prevention of HbAlc (%) 812 £ 1.51
postprandial hypetlipidemia.!®2* Hence, this study SD: Standard deviation; BMI: Body mass index;
attempted to find a suitable exercise intensity level WHR: Waist-to-hip circumference ratio; BP: Blood pressure;

BS: Blood sugar; TG: Triglyceride; LDL: Low-density lipoprotein;

for treatment of this disorder in type II diabetic ! ) ¢ !
HDL: High-density protein; HbAlc: Hemoglobin Alc

patients, by comparing two exercise intensity levels.

Table 2. Mean and standard deviation of biochemical blood indices before and after breakfast and after 30 min of
moderate and high intensity exercise, with Friedman test results, mean scores, and chi-square test and significance level

Mean Chi- Significance

Variables Number Mean * SD score squared P > 0.05
Postprandial TG 15 32453 £ 14436 217
Postprandial TG and moderate exercise 15 24093 £ 12298 1.67 2586 0.274
Postprandial TG and maximum exercise 15 304.86 £ 141.07 217
Postprandial LDL cholesterol 15 106.26 = 14.14 227
Postprandial LDL cholesterol and moderate exercise 15 10546 £2525 197  1.932 0.381
Postprandial LDL cholesterol and maximum exercise 15 100.93 £18.79  1.77
Postprandial HDL cholesterol 15 42.06 £ 4.97 1.53
Postprandial HDL cholesterol and moderate exercise 15 42.06 £ 4.97 153  9.404 0.009
Postprandial HDL cholesterol and maximum exercise 15 48.60 £ 9.30 2.60
SD: Standard deviation; TG: Triglyceride; LDL: Low-density lipoprotein; HDL: High-density lipoprotein
49 - 48
48 A
_ 47 -
) 46 -
£ 45 -
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g 437 42
£ 42 -
©
° 41 -
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full fat breakfast moderate exercise high intensity exercise
Time(min) 150 150 150

Figure 1. Comparison mean postprandial high-density lipoprotein (HDL) cholesterol concentrations levels,
with 30 min of moderate and high intensity exercise
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Figure 2. Comparison mean postprandial triglyceride (T'G) concentrations levels, with 30 min of moderate
and high intensity exercise
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Figure 3. Comparison mean postprandial low-density lipoprotein (LDL) cholesterol concentrations levels,
with 30 min of moderate and high intensity exercise

The main finding of this study showed that the
serum postprandial HDL cholesterol increased
significantly with moderate intensity exercise
(Table 2). In contrast, serum HDL did not
significantly increase with high intensity exercise
(Figure 1). This finding agrees with that of previous
studies with regards to the effect of regular aerobic
exercise on HDL cholesterol increase.!’ Lipid
oxidation'?”  increased muscular and liver
lipoprotein,>2  reduced TG concentration,?>?’
increased half-life of HDL cholesterol and its
function during regular low-intensity aerobic
exercise in patients with type 1I diabetes?®® are
among the main reasons for increased postprandial
HDL cholesterol after exercise. Although some
studies attributed this increase to TG plasma and
lipid metabolic disorders as well as to liver function

abnormalities and inadequate and indistinct exercise
intensity.?? Recently, other studies have shown
HDL cholesterol can be increased with intensive
exercise, believing this to be due to reduction in
blood TG resistance, increased insulin sensitivity,
and reduced muscle and liver insulin resistance after
intensive exercise.!7303! Intensive exercise duration
and the effect of consistent exercise and patients’
adjustment to it are reasons for differing results of
this study.

Another finding was with regards to TG serum
level. The difference between exercise intensities in
reducing TG was insignificant (Table 2). In fact,
moderate  intensity exercise reduced mean
postprandial TG level in type II diabetic patients
more than high intensity exercise. Nonetheless, it
was statistically insignificant (Figure 2).
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A study in 2006 showed that regular aerobic
exercise significantly improved TG concentration
due to increased muscle blood circulation and
gradual increase in muscle lipid oxidation during
exercise.?? In a similar study, Trenell et all7 and
Tobin et al.?” found that a course of regular moderate
intensity aerobic exetcise can reduce postprandial TG
concentration just as well as insulin secretion. This
was thought to be due to type II diabetic patients’
adjustment to regular aerobic exercise. The effect of
adjustment over a few months in previous studies
and the small sample size in this study are the reason
for the differences.

In other studies,>*-3* no significant relationship
was found between postprandial serum TG
variations and high intensity exercise, which was
thought to be due to metabolic differences in type
II diabetic patients,® increased muscle blood
circulation, greater distribution of fatty acids
released from adipose tissue onto active muscles
during and after strenuous exercise.’> Other
researchers have reported postprandial TG
reduction through increased muscular lipoprotein
lipase after an intense walking exercise.?17.26-34
Again, duration and inadequate number of exercise
sessions for effective adjustment caused the
differences between the results of this study and
those of previous studies.

The last finding of this study showed that one
session of high intensity exercise reduced
postprandial LDL cholesterol more than one session
of moderate intensity exercise. Though it was not
statistically ~significant (Table 2), its importance
cannot be undermined (Figure 3). This was also
illustrated in previous studies,>7?73> no significant
reduced postprandial LDL cholesterol was found a
period of high intensity exercise in type 1I diabetic
patients,?”30 and emphasized on such reasons as
oxidation disorders in liver metabolism, reduced liver
LDL receptors, reduced postprandial blood lipid
clearance in type II diabetic patients. However,
Cohen et al. found a reduction in LDL cholesterol
after 14 months of intense physical activity.?* Also,
Harrison et al. showed intensive exercise could
reduce LDL cholesterol concentration and level.
They considered increased oxidation in liver
metabolism and LDL receptors the reasons for this.>
Therefore, duration and infrequent sessions of high
intensity exercise are thought to have made the
difference between this and previous studies.

Conclusion

According to the results of this study, moderate

intensity aerobic exercise reduces HDL cholesterol
level more than high intensity exercise, and
postprandial TG serum level is reduced more with
regular, consistent, moderate intensity exercise than
with high intensity exercise. However, long-term
adjustment of the body to regular exercise reduces
TG most in type Il diabetic patients. Postprandial
LDL cholesterol reduction occurred more with high
intensity, regular aerobic exercise than with moderate
intensity exercise. Generally, postprandial lipid
reduction in type II diabetes is best achieved through
a combined regular aerobic and consistent exercise.
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