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To evaluate the effect of physical exercise on blood pressure, the lipid profile, lipoprotein(a) (Lp(a)), and low-density lipoprotein 
(LDL) modifications in untrained diabetics, 27 diabetic patients (14 type I and 13 type 2) under acceptable and stable glycemic 
control were studied before and after a supervised 3-month physical exercise program. Anthropometric parameters, insulin 
requirements, blood pressure, the lipid profile, Lp(a), LDL composition, size, and susceptibility to oxidation, and the proportion 
of electronegative LDL (LDL(-)) were measured. After 3 months of physical exercise, physical fitness improved (maximal 02 
consumption [Vo2max], 29.6 -+ 6.8 v33.0 -+ 8.4 mL/kg/min, P < .01). The body mass index (BMI) did not change, but the waist 
circumference (83.2 -+ 11.8 to 81.4 --- 11.2 cm, P < .05) decreased significantly. An increase in the subscapular to triceps 
skinfold ratio (0.91 +- 0.37 v 1.12 +_ 0.47 cm, P < .01) and midarm muscle circumference ([MMC], 23.1 _+ 3.4 v 24.4 + 3.7 cm, 
P < .001) were observed after exercise. Insulin requirements (0.40 -+ 0.18 v 0.31 -+ 0.19 U/kg/d, P < .05) and diastolic blood 
pressure (80.2 -+ 10 v 73.8 4- 5 mm Hg, P < .01) decreased in type 2 diabetic patients. High-density lipoprotein cholesterol 
(HDL-C) increased in type I patients (1.48 +- 0.45 v 1.66 -+ 0.6 mmol/L, P < .05), while LDL cholesterol (LDL-C) decreased in type 
2 patients (3.6 -+ 1.0 v3.4 _+ 0.9 mmol/L, P < .01). Although Lp(a) levels did not vary in the whole group, a significant decrease 
was noted in patients with baseline Lp(a) above 300 mg/L (mean decrease, -13%). A relationship between baseline Lp(a) and 
the change in Lp(a) (r = - .718, P < .0001) was also observed. After the exercise program, 3 of 4 patients with LDL phenotype B 
changed to LDL phenotype A, and the proportion of LDL(-) tended to decrease (16.5% _+ 7.4% v 14.0% _ 5.1%, P = .06). No 
changes were observed for LDL composition or susceptibility to oxidation. In addition to its known beneficial effects on the 
classic cardiovascular risk factors, regular physical exercise may reduce the risk of cardiovascular disease in diabetic patients 
by reducing Lp(a) levels in those with elevated Lp(a) and producing favorable qualitative LDL modifications. 
Copyright © 2000 by W.B. Saunders Company 

T YPE 1 AND TYPE 2 diabetes mellitus are well-known 
predisposing factors for cardiovascular disease. 1 The 

increased cardiovascular risk in diabetic patients cannot be 
attributed only to the classic factors such as hypertension or 

hyperlipidemia to which these patients are prone. An increment 
in lipoprotein(a) (Lp(a)) levels and the presence of qualitative 
modifications in low-density lipoprotein (LDL) particles 2-4 have 
recently been proposed as contributing factors to the accelerated 
development of macrovascular complications in diabetes 
mellitus. 

Although the mechanisms by which Lp(a) promotes athero- 
sclerosis are not well defined, individuals with Lp(a) levels 
above 300 mg/L (hyperLp(a)) have an increased risk of 
coronary heart disease even after other known predisposing 
factors are considered. 5 However, studies that focused on Lp(a) 
have not consistently found higher levels in diabetic patients, 6,7 

and Lp(a) concentrations do not appear to be related to the 
degree of glycemic control. TM LDL modifications such as 
nonenzymatic glycation, oxidation and enhanced electronega- 
t i re  charge, and the proportion of small, dense LDL particles 
and modification are increased in patients with diabetes 
mellitus.3,12,13 

Physical exercise is a protective factor against atherosclero- 
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sis, and is recommended as a therapeutic tool in the manage- 
ment of diabetic patients, t4 The results of studies analyzing the 

effect of physical exercise on Lp(a) concentrations in diabetic 
and nondiabetic subjects are controversial and show a de- 
crease, tS-t7 no variation, 18,19 and even an increase 2°,21 in Lp(a). 

Although an increase in the LDL susceptibility to oxidation and 
the plasma electronegative LDL proportion has been observed 
after acute heavy aerobic exercise, 22 physical training seems to 
exert favorable effects on LDL size, composition, and suscepti- 
bility to oxidation in healthy subjects. 2326 To our knowledge, no 

data are available on the effect of physical exercise on LDL 
modifications in diabetic patients. 

The purpose of this study was to assess the influence of a 
3-month physical exercise program on blood pressure, the lipid 
profile, Lp(a) levels, and LDL modifications (composition, size, 
susceptibility to oxidation, and L D L ( - )  proportion) in a group 
of untrained type 1 and type 2 diabetic patients under stable 
glycemic control. 

SUBJECTS AND METHODS 

Patients 

Thirty diabetic patients (15 type 1 and 15 type 2) were recruited from 
the diabetic outpatient clinic on the basis of the following criteria: body 
mass index (BMI) less than 30 kg/m 2, hemoglobin Arc (HbAlc) less than 
8.5%, absence of kidney failure defined as plasma creatinine less than 
94 gmol/L for women and 114 pmol/L for men, absence of liver or 
thyroid disease, and absence of regular exercise. Two type 2 diabetic 
men and one type 1 diabetic woman were excluded once the program 
started because of inadequate compliance (2 cases) and an episode of 
acute hepatitis A (I case), respectively. 

The main features of the 27 eligible patients are as follows: 14 type 1 
diabetic patients (7 men and 7 women; mean age, 25.5 _+ 6 years; range, 
17 to 42) with a mean diabetes duration of 6 -+ 5 years (0.7 to 16.2), and 
13 type 2 diabetic patients (9 men and 4 postmenopausal women; mean 
age, 55.8 +- 5 years; range, 48 to 64) with a mean diabetes duration of 
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8.2 _+ 5 years (2.1 t o 19.8). All were treated with diet plus insulin except 
two type 2 diabetic patients, who were on diet therapy alone. Ten 
patients smoked and 6 were regular alcohol consumers (<  200 g/wk). 
Two patients had background retinopathy and 2 had microalbuminuria. 
No patients had a history or clinical manifestations of peripheral 
vascular disease or stroke. The only hypertensive patient had an acute 
myocardial infarction 2 years previously. All patients attended our 
outpatient clinic for at least 1 year prior to the study. Furthermore, they 
were previously instructed in diabetes care (diet, blood glucose 
monitoring, insulin administration and self-adjustment, etc.) and pre- 
sented stable body weight and glycemic control 

Study Protocol 

The training program lasted 3 months and was held at the same fitness 
center in all cases. Attendance at the center was recorded on a personal 
chipcard. Patients were instructed to attend the fitness center at least 3 
times per week and not to modify their other usual dally activities. An 
individualized aerobic exercise program was designed according to the 
patient's characteristics and degree of physical fitness, which was 
determined by a treadmill exercise test at the beginning of the study and 
repeated after 3 months of training. All exercise sessions were 
supervised by a coach specifically trained by the investigators for that 
purpose. Each session included 10 minutes of warm-up, 30 to 40 
minutes of aerobic activity, and l0 minutes of cool-down. The exercise 
consisted mainly of walking or running on a treadmill, cycling, or a 
combination of both. Initially, subjects exercised at an intensity 
corresponding to 60% to 65% maximal 02 consumption (Vo2max) 1 to 2 
weeks and 65% to 75% Vo2max thereafter to improve the aerobic 
capacity. The intensity of each session was monitored by heart rate. The 
exercises performed and the intensity and duration of each training 
session were recorded in an individual logbook to determine the energy 
expenditure as kilocalories per week using the method proposed by 
Ainsworth et al.27 

The exercise test was performed in the test laboratory and supervised 
by a cardiologist. A continuous electrocardiogram with the standard 12 
leads (Quinton Q 5000; Quinton Instrument Co, Seattle, WA) was 
obtained at rest and during and after exercise. Blood pressure was 
recorded every 3 minutes using a standard mercury sphygmomanom- 
eter. All subjects completed an exercise test on a treadmill until 
exhaustion according to the Bruce protocol. Pulmonary gas exchange 
was measured using a breath-by-breath automated gas analysis system 
(Collins CPX/PLUS; Collins, Braintree, MA). The following param- 
eters were recorded: pulmonary ventilation, tidal volume, respiratory 
frequency, end-tidal Pco2, end-tidal Po2, "Qo2 (mL/min/STPD), and 
expired CO2. The following data were automatically calculated: respira- 
tory quotient, oxygen uptake relative to body mass, respiratory equiva- 
lent for oxygen and carbon dioxide, and energy expenditure expressed 
in metabolic units. The respiratory values for each step were calculated 
as the average of the values measured during the last 30 seconds. The 
same calculation was made during exhaustion, with the maximum 
obtained peak values rejected. Oxygen pulse was calculated as 'Vo2/heart 
rate (mL/bpm). 

All patients were taught to modify their insulin dose or diet to avoid 
exercise-related hypoglycemia and instructed in self-monitoring of 
blood glucose 3 or more times per day. All patients were instructed in 
recording the insulin dose immediately after each administration. 
Insulin doses were obtained from the average daily insulin dose 
administered during the week prior to initiation and during the last week 
of the training program. 

Patients were evaluated in the outpatient unit every 4 weeks to 
reinforce the program compliance and receive instructions on insulin 
dose modifications. The aerobic capacity, anthropometric parameters, 
ambulatory blood pressure, glycemic profile, and laboratory analyses 
were evaluated before and after the planned exercise program. 

Anthropometric Parameters and Blood Pressure 

Height and weight were measured with the patient in light clothing 
without shoes on a standard physician's scale, and the BMI was 
calculated. The waist and hip circuinferences were measured and the 
waist to hip ratio (WHR) was calculated. Waist circumference was 
taken as the smallest horizontal circumference between the 12th rib and 
iliac crest, and hip circtimference as the maximum posterior extension 
of the buttocks. Subscapular and tricipital skinfolds were obtained in 
triplicate by the same investigator from the nondominant side using a 
skinfold caliper (Holtain, Crymych, UK). Midarm muscle circumfer- 
ence (MMC) was calculated as arm perimeter in the midarm-(tricipital 
skinfold × or). The mean subscapular to tricipital skinfold ratio, an 
indicator of body fat distribution, was also calculated. 

Twenty-four-hour ambulatory blood pressure was registered using a 
Spacelab 90207 device (Redmond, WA). During the estimated waking 
hours (7 AM to 11 PM), blood pressure was recorded every 20 minutes, 
and every 30 minutes during the overnight period. 

Laboratory Procedures 

Blood samples were obtained with the patient sitting after at least ~t 
10-hour overnight fast and a minimum of 24 hours from the last exercise 
session. Glucose was determined by an automated enzymatic method, 
and fructosamine by a colorimetric method (Boehringer, Mannheim, 
Germany; reference range, 205 to 285 ~nnol/L). HbAlc was measured by 
high-performance liquid chromatography (BioRad, Richmond, CA; 
reference range, 4.6% to 5.7%). Cholesterol and triglyceride concentra- 
tions were determined by standardized enzymatic methods (Boeh- 
ringer). Cholesterol fractions were measured by a combined ultracentri- 
fugation plus precipitation method as recommended by the Lipid 
Research Clinics. 28 High-density lipoprotein cholesterol (HDL-C) was 
measured in the d > 1.006 kg/L fraction by a commercial precipitation 
method with phosphotungstate and magnesium chloride (Boehringer), 
very-low-density cholesterol (VLDL-C) was measured in the d < 1.006 
kg/L fraction, and LDL-C was obtained by calculation from total 
cholesterol, VLDL-C, and HDL-C concentrations. Interassay coeffi- 
cients of imprecision were less than 3% for total cholesterol and 
triglyceride, less than 5% for HDL-C, and less than 10% for LDL-C and 
VLDL-C, respectively, according to internal and external quality- 
control programs. 

Lp(a) was measured by the Apo-Tek Lp(a) kit (Organon Teknika, 
Tumhout, Belgium). The assay detects all Lp(a) isoforms on an 
equimolar basis 29 using a sandwich ELISA with 2 antibodies against 
apolipoprotein B (apt B) and apt(a). All samples from the same patient 
were processed in the same batch after storage of the basal samples for 3 
months at -80°C.  In these conditions, we observed a decrease in Lp(a) 
of 1.9%. Similar results have been obtained by others at -80°C.  3° 
Within- and between-assay imprecision at concentrations near the 
accepted cutoff values (300 rag/L) was 7.5% and 5%, respectively, with 
pooled sera. 

LDL particle size was analyzed from frozen plasma stored at - 8 0 °C  
by 2% to 16% gradient polyacrylamide electrophoresis as described by 
Nichols et aP 1 with minor modifications. Bands corresponding to 
different classes of LDL were scanned by densitometry at 595 nm (Rep; 
Helena Instruments, Beaumont, CA). LDL size was determined by 
comparison of majority band(s) against a standard pool of plasma 
containing 4 LDL fractions whose diameter was previously assessed by 
electron microscopy (22.9 -4- 0.7, 24.5 _+ 0.6, 26.2 _+ 0.5, and 28.4 + 0.9 
nm, respectively). Patients were distributed into 2 groups according to 
LDL size32: phenotype A, at least 25.5 nm; phenotype B, less than 
25.5 urn. 

LDL lipoproteins (density 1.025 to 1.050 mg/L) were isolated by 
sequential flotation ultracentrifugation. 33 The composition of total LDL 
was evaluated on phosphate-buffered saline (PBS)-dialyzed LDL. Total 
and free cholesterol, triglyceride (Boehringer), phospholipid (Wako 
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Chemicals, Neuss, Germany), and the protein (Protein Assay; BioRad) 
content of LDL were determined by commercially available methods, 
and the results are expressed as a percentage of LDL mass. 

Electronegative LDL was isolated from total LDL by anion-exchange 
chromatography in a Mono Q 5/5 column using a fast protein liquid 
chromatography system (Pharmacia, Uppsala, Sweden) as previously 
described. 13,34 Two LDL forms, LDL(+) and LDL(-), differing in 
electronegativity were identified at 280 nm and their relative proportion 
was quantified by peak integration. All samples were analyzed within 2 
days after LDL isolation. 

To analyze LDL susceptibility to in vitro-induced oxidation, LDL 
was dialyzed against PBS, pH 7.4, by gel filtration chromatography in a 
G-25M Sephadex column (Pharmacia) diluted to a concentration of 50 
mg protein/L and incubated with 2.5 pmol/L CuSO4 at 30°C. Conju- 
gated diene formation was determined by continuous monitoring at 234 
nm for 4 hours in a Biochrom 4060 spectrophotometer (Pharmacia) as 
previously described. 26,35 

Statistical Methods 

Statistical analyses were performed using SPSS for Windows 6.0.1 
(SPSS, Chicago, IL). All data are expressed as the mean + SD. Lp(a), 
triglyceride, and VLDL-C were logarithmically transformed (to reduce 
skewness). Statistical differences between the 2 study periods were 
analyzed using a nonparametric test (Wilcoxon's matched-pairs T test) 
for variables showing non-Gaussian distribution and a paired Student's t 
test for normally distributed variables. Chi-square and Mann-Whitney 
tests were used to examine differences between groups. Pearson's 
correlation coefficient was used to analyze the relationship between 
normally distributed variables. Spearman's rank-order correlation was 
applied for the same purpose in non-Gaussian distribution variables. A 
probability value less than .05 was considered statistically significant. 

RESULTS 

Physical Activity and Fitness 

The average attendance at the sports center was 3.1 - 0.8 
days per week. The mean caloric expenditure per week derived 
from exercise was 27.2 4- 6.3 kcal/kg/wk. An improvement in 
~rO2ma~ (29.6 4- 6.8 V 3 3 . 0 -  8.4 mL/kg/min, P < .05) was 
observed when all patients were considered at the end of the 
study period. The oxygen pulse increased from 11.8 4- 2.5 to 
12.7 + 3.1 mL/beat, which represents a mean 11.7% 4- 18.4% 
improvement. This improvement correlated with the calculated 
caloric expenditure per week (r = .68, P < .0001). The maxi- 
mum heart rate was similar in the 2 tests (174.6 + 15 v 
174.9 - 14 bpm) and the maximum treadmill time improved 
from 12.0 - 2.5 to 12.8 - 2.2 minutes (P < .05). Physical 
fitness parameters for type 1 and type 2 diabetic subsets are 
shown in Table 1. 

Anthropometric Data, Blood Pressure, and Glycemic Control 

In the whole group of patients, waist and hip circumference 
decreased significantly (83.2 _+ 11.8 to 81.4 _+ 11.2 cm, P < .05, 
and 99.7 -+ 6.9 to 96.9 -+ 6.5 cm, P < .005, respectively) after 
the exercise program, while the MMC and subscapular to 
tricipital skinfold ratio increased (22.8 + 3.4 to 24.3 4- 3.7 cm, 
P < .001, and 0.93 + 0.37 to 1.12 4- 0.47 cm, P < .01, respec- 
tively). The WHR, weight, and BMI did not change. Variations 
in anthropometric parameters according to the type of diabetes 
are summarized in Table 2. Regarding the average of the 
24-hour measurement of systolic, diastolic, and mean blood 
pressure, no changes were observed when all patients were 
studied together. Nevertheless, for the subgroup of type 2 
diabetic patients, a significant decrease in diastolic blood 
pressure was observed (80.2 4- 10 v 73.8 4- 5 mm Hg, P < .01; 
Table 2). HbAlc, fructosamine, and fasting blood glucose 
remained unchanged in both diabetic groups. The insulin dose 
decreased (0.40 4- 0.18 v 0.31 - 0.19 UNg/d, P < .05) in type 
2 patients but remained stable in type 1 diabetic patients. No 
patients suffered from any severe hypoglycemic event. 

Lipid and Lipoprotein Parameters 

In the whole group, HDL-C increased from 1.37 _+ 0.42 to 
1.49 + 0.6 mmol/L (P < .05), while triglycerides, total choles- 
terol, VLDL-C, and LDL-C did not vary after the 3-month 
exercise program. Lipid and lipoprotein levels in type 1 and 
type 2 diabetic patients are shown in Table 3. While HDL-C 
increased in type 1 diabetics (10.7%-+ 17.3%), the main 
change in type 2 diabetic subjects was a reduction in total 
cholesterol and LDL-C levels ( -7 .47% 4- 7.2%). 

Lp(a) concentrations at baseline were 62.5 to 1,582 mg/L 
(mean, 380.6 4- 423; median, 196). After exercise, Lp(a) concen- 
trations did not vary in the whole group of patients. However, an 
interesting relationship between baseline Lp(a) and the change 
in Lp(a) expressed as an absolute value (r = - .718,  P < .0001) 
and also as a percent change (r = - .554,  P = .003, Fig 1) was 
noted, such that patients with Lp(a) levels above 300 mg/L 
(high Lp(a)) showed significant decreases (Fig 2). The point 
value of 90 mg/L proved to be the cutoff value, from which the 
decrease in Lp(a) reached statistical significance. Moreover, the 
Lp(a) variation in patients with Lp(a) levels below 300 mg/dL 
was 6.8%, while in patients with high Lp(a) it was - 13.25% (5 
of 7 patients above 7%). In this subgroup of patients, compa- 
rable to the remaining patients for all other variables tested, 
HDL-C increased significantly (from 1.52 -+ 0.40 to 1.78 -+ 0.50 
mmol/L, P < .05) after the 3-month exercise period, while 
LDL-C and the total cholesterol to HDL-C ratio showed 

Table 1. Physical Fitness at Baseline and After Three Months of an Exercise Program in Type I and Type 2 Diabetic Patients 

Type 1 Diabetics Type 2 Diabetics 

Parameter Baseline After Exercise Baseline After Exercise 

Maximal HR (bpm) 185 -+ 10 185 -+ 10 162 -- 7 163 -+ 5 

k/o2max (mL/kg/min) 33.7 -+ 7 38.5 -+ 7.7* 25.2 -- 2.5 26.9 -+ 3.8 

02 pulse (mL/beat) 12.2 ± 2.8 13.4 +_ 3.7* 11.4 -+ 2.3 11.9 _+ 2.3 

Maximal treadmill time (min) 13.5 +_ 2.2 14.0 ± 2 10.4 +_ 1.2 11.4 _+ 13" 

Abbreviation: HR, heart rate. 

* P <  .05 vbaseline. 
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Type I Diabetics Type 2 Diabetics 

Parameter Baseline After Exercise Baseline After Exercise 

Weight (kg) 65.8 ± 11 (44-87) 66.0 + 11 (43.5-87) 73.5 ± 13 (53-100) 73.6 _+ 12 (54-101 ) 

BMI (kg/m 2) 23.8 ± 3 (20-29.6) 23,8 _+ 3 (19.6-29) 26.6 ± 3.6 (23.4-33) 26.3 ± 3.6 (23.1-33) 

Waist (cm) 7&6 ± 8 (61-103) 74 ± 7.4 (63-83.5) 91.4 ± 9 (75-111) 89.4 + 9 (79-112) 

Hip (cm) 97.8 ± 7 (84-109) 95.5 -+ 5.7 (86-105)* 101.7 ± 6 (93-113) 98.5 ± 7 (85-111) 

WHR 0.77 _+ 0~6 (0.7-0.9) 0.77 _+ 0.4 (0.7-0,85) 0.89 -+ 0.5 (0.81-0.98) 0.9 -+ 0.4 (0.86-1.01) 

TC skinfold (mm) 19.7 ± 7.8 (9.5-33.5) 15.8 ± 6.9 (5.5-28)t 19.9 ± 8.4 (9.8-30) 16.9 ± 7.8 (8.5-29)* 

MMC (cm) 22.1 ± 3.8 (16.2-29) 23.8 ± 4.1 (18.2-31.7)t 24.06 _+ 2.6 (19-26.5) 25.2 ± 3.35 (21-31.3) 

SS skinfold (mm) 13.2 ± 3~7 (9.2-24) 13.3 _+ 4.6 (9-26) 20.6 ± 7.7 (12.2-34.5) 19.9 ± 9 (11.39) 

SS:TC ratio 0.76 ± 0.3 (0.36-1.42) 0.97 ± 0.48 (0.46-2.2)* 1.07 _+ 0.37 (0.5-1.8) 1.28 ± 0.42 (0.55-2)* 

Systolic BP (mm Hg) 116 ± 9.2 (99-131) 116.9 ± 9 (104-137) 127 _+ 8.7 (110-141) 123 -+ 9 (107-137) 

Diastolic BP (mm Hg) 69.4 ± 4.4 (61-76) 69.5 ± 5 (63-79) 80.2 + 10 (69-105) 73.8 _+ 5 (66-82)* 

HbAlc (%) 6.5 -+ 0.8 (5.4-8.4) 6.7 ± 1 (5.4-8.5) 7.4 ± 0.8 (5.8-8.5) 7.3 ± 1 (6.5-8.3) 

Fructosamine (IJmol/L) 309 ± 53 (241-400) 310 -+ 61 (221-423) 331 + 62 (232-406) 301 ± 44 (244-371) 

Glucose (mmol/L) 7.9 ± 3.6 (4.1-14.4) 7.7 ± 4.2 (3.7-18) 7.9 ± 3.3 (4-13.5) 8.0 ± 2.2 15.5-13) 

Abbreviations: TC, tricipital; SS, subscapular; BP, blood pressure. 

* P <  .05, t P <  ,01 v baseline. 

significant reductions (from 3.18 -+ 0.97 to 2.91 _+ 0.95 mmol/L, 
P < .05, and from 3.09 -+ 0.89 to 2.68 + 0.94 mmol/L, P < .05, 
respectively). No significant correlation was found between 
changes in Lp(a) and variations in the anthropometric param- 
eters, insulin requirements, glycemic control, lipoprotein pro- 
file, cardiorespiratory fitness, or blood pressure assessed after 
physical exercise. 

The concentration of each LDL component did not change 
significantly after the exercise period (data not shown). In the 
whole group, mean LDL size remained stable throughout the 
study (26.1 __ 0.4 v 26.1 __ 0.34 nm; Table 4). When LDL size 
phenotype was analyzed at baseline, 23 patients (12 type 1 and 
11 type 2) had phenotype A and 4 patients (two type 1 and two 
type 2) bad phenotype B. After the exercise program, the two 
type 1 patients and one type 2 patient with phenotype B 
converted to phenotype A. 

LDL susceptibility to oxidation expressed as the lag-phase 
time (43.33 + 6.7 v 43.30 _+ 7.0 minutes) and rate of conju- 
gated diene formation (0.021-+ 0.003 v 0.021 _+ 0.003 A 

Table 3. Lipid and Lipoprotein Concentrations Before (baseline) and 
After the Three-Month Exercise Program in Type 1 and Type 2 

Diabetic Patients 

Type I Type 2 
Diabetics Diabetics 

After After 
Parameter Baseline Exercise Baseline Exercise 

Cholesterol 4.44 ± 0.81 4.58 ± 0.87 5.57 ± 1.11 5.20 ± 1.05" 
(mmol/L) 

HDL-C (mmol/L) 1.48 ± 0.45 1.66 + 0.66* 1.26 ± 0.37 1.23 _+ 0.39 

LDL-C (mmol/L) 2.70 ± 0.74 2.56 ± 0.65 3.65 ± 0.97 3.37 ± 0.87t 
VLDL-C 

(mmol/L) 
Triglycerides 

(mmol/L) 

Cholesterol/ 

HDL-C 
Lp(a) (mg/L) 

0,35 ± 0.27 0.33 ± 0.15 0.66 ± 0.26 0.60 ± 0.31 

0 .76+0.57  0 .92±0 ,83  1.46--0.57 1.32--0.68 

3 .21±0,87  3 .07± 1.14 4 .80±1 .36  4.74_+ 1.24 

3 4 4 ± 4 3 0  2 9 5 ± 3 2 7  423- -429  3 8 7 ± 3 6 9  

* P <  ,05. 
t P <  .01. 

abs/min) did not change after the exercise program in any 
patient. Finally, the percentage of LDL(-)  tended to diminish 
after the exercise program in the whole group (16.5% _+ 7.4% v 
14.0% -+ 5.1%, P = .06), with the decrease nearing statistical 
significance. The effect of physical exercise on LDL modifica- 
tions in type 1 and type 2 diabetic patients is shown in Table 4. 

DISCUSSION 

Exercise has long been accepted as a useful tool in the 
management of diabetes owing to its favorable effects on 
central obesity, hypertension, hyperinsulinemia, glycemic con- 
trol, and dyslipoproteinemia. Epidemiological evidence sug- 
gests that physical activity is associated with a lower incidence 
of macrovascular disease and higher life expectancy in type 1 
patients, despite the fact that exercise has no effect on long-term 
blood glucose control. 364a In type 2 diabetes, regular exercise 
can delay and even prevent overt disease onset in individuals at 
risk 39 and can diminish metabolic alterations related to insulin 
resistance. 4° 

In the present study, after a 3-month exercise program, 
physical fitness improved significantly as assessed by changes 
in "QOsmax, 02 pulse, and maximal treadmill time. In addition to 
the physical fitness improvement, beneficial effects were ob- 
served on body fat content, insulin requirements, blood pres- 
sure, and the lipoprotein profile. However, one of the most 
interesting findings in the current study was the decrease in 
Lp(a) in patients with higher Lp(a) concentrations, as well as 
the tendency of LDL modifications to improve. In the absence 
of variations in BMI, blood glucose control, diet composition, 
and tobacco and alcohol consumption, the observed changes 
may be attributed mainly to physical training. Blood pressure 
after an exercise program is more likely to improve in older and 
insulin-resistant patients. 41,42 In this respect, a mild descent in 
diastolic blood pressure was observed among our type 2 
diabetic patients. As previously stated for nondiabetic 43 and 
diabetic 44 subjects, lipid and lipoprotein parameters improved 
after physical exercise, but the increase in HDL-C in type 1 and 
the decrease in cholesterol and LDL-C in type 2 diabetics were 
the only variables reaching statistical significance. A plausible 
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explanation for the limited lipoprotein improvement may be 
related to the favorable lipoprotein profile observed at baseline, 
particularly in type 1 diabetic patients. It is known that the more 
adverse the lipid profile at the beginning, the greater the 
improvement derived from physical training. 45,46 Reductions in 
LDL-C after exercise have been observed by some groups, 47,48 
and increments in HDL-C are also found, but only following 
intense exercise during a prolonged period or a coexisting 
dietary intervention. 49 

In the general population, plasma Lp(a) levels above 300 
mg/L have been associated with an increased incidence of 
atherosclerotic cardiovascular diseaseY ° Although not demon- 
strated, it has been assumed that the reduction in these high 
levels is likely to reduce cardiovascular risk. On the other hand, 
Lp(a) concentrations are primarily determined by genetic 
factors, and thus pharmacological therapy is not recommended 
for the general population or for diabetic patients. Dietary 
manipulations 51 and glycemic control 8-m do not appear to 
reduce Lp(a) levels. The relationship between physical exercise 
and Lp(a) levels has been investigated in nondiabetic patients in 
some cross-sectional 17,5%53 and few prospective 2°,54 studies. The 

Lp(a) 
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1 5 0 0  

1200 

9O0 

6 0 0  

3 0 0  

o 
Baseline After  exercise 

Fig 2. Individual changes observed in absolute values for plasma 
Lp(a) between both periods of study (baseline and after a 3-month 
physical exercise program) in a group of type 1 and type 2 diabetic 
patients, 

mg/L 

Fig 1. Lp(a) percent change 
observed between both periods 
of study (baseline and after a 
3-month physical exercise pro- 
gram) in a group of type 1 and 
type 2 diabetic patients. 

results are controversial: some show a relationship 17,2°,52 and 
others do not. 53,54 

The results of studies that focused on diabetic patients have 
also been controversial. One cross-sectional study described an 
inverse correlation between Lp(a) concentrations and physical 
fitness. 15 Similarly, physical exercise was associated with a 22% 
reduction in Lp(a) levels in a small group of diabetic patients.I6 
In contrast, Lehmann et a118 observed no Lp(a) modifications 
after 3 months of exercise in a group of type 1 diabetic patients. 
In our study, the Lp(a) concentration did not vary during the 
study period when the whole group was considered. However, 
after patients were subgrouped according to Lp(a) levels at 
baseline, a significant decrease in Lp(a) was observed for 
patients with values above 90 mg/L, particularly those with 
Lp(a) above 300 mg/L. In addition, a positive correlation was 
observed between the baseline Lp(a) concentration and the 
magnitude of the Lp(a) decrease after the training period. This 
finding concurs with modifications in other lipid parameters 
after exercise 46,s5 and with the Lp(a) modifications after weight 
loss. 56 Lp(a) intraindividual biological variability has been 
described as inversely related to the concentration, being 7.5% 
in a group of patients with Lp(a) higher than the cutoff point of 
300 mg/L. 57 In our patients, the mean variation was -13.2% 
(beyond the expected biological variability) for those with 
hyperLp(a) and +6.8% for patients with Lp(a) values below 
300 mg/L (within the expected biological variability). This 
observation supports the hypothesis that the changes may result 
from physical exercise. However, to conclusively demonstrate 
this hypothesis, a further prospective study analyzing the effect 
of exercise, including a larger number of diabetic patients with 
hyperLp(a)emia, should be performed. 

The mechanisms by which physical exercise decreases Lp(a) 
are unknown. In our study, variables that could influence Lp(a) 
levels (weight, alcohol intake, diet, and renal function) re- 
mained stable throughout the study period. Exercise improves 
insulin sensitivity, 37 and a relationship between Lp(a) concentra- 
tions and insulin levels 5s or the daily insulin dose 15 has been 
found by some groups, but not all. 59 Although the physical 
exercise program caused a reduction in the insulin doses, no 
significant correlation was found in our study between changes 
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Table 4. LDL Size, Susceptibility to Oxidation (lag-phase time and diene formation rate), and Electronegative LDL Proportion in Type 1 
and Type 2 Diabetic Patients at Baseline and After the Three-Month Exercise Program 

645 

Type 1 Diabetic Type 2 Diabetic 

Parameter Baseline After Exercise Baseline After Exercise 

LDL size (nm) 26.28 _+ 0.43 26.35 + 0.30 25.86 _+ 0.32 25.86 _+ 0.31 

Lag-phase time (min) 41.78 -+ 4.7 42.71 _+ 6.3 45.00 + 8.3 44.00 -+ 8.0 

Diene formation rate (Aabs/min) 0.021 -+ 0.003 0.022 _+ 0.002 0.020 -+ 0.003 0.020 -+ 0.003 

LDL(-) (%) 16.12 +- 6.1 13.32 ÷ 5.4 17.03 -+ 9.0 14.88 _+ 4.8 

in Lp(a) levels and changes in the insulin requirements. Thus, 
we cannot assume that the reduction in Lp(a) in our patients was 
due to the improvement in insulin sensitivity. 

To our knowledge, no data exist on the effect of physical 
exercise on the LDL size, L D L ( - )  proportion, and LDL 
susceptibility to oxidation in diabetic patients. A predominance 
of large, light LDL particles has been identified as an adaptation 
to exercise, 6° and prolonged, very strenuous exercise increased 
LDL size in men but not in women. 23 In our study, the mean 
LDL size did not increase after exercise, but the LDL phenotype 
changed to phenotype A in 3 of 4 patients with phenotype B. A 
possible explanation for the lack of improvement is that there 
were few patients with phenotype B in the present study, as 
supported by previous results obtained by our group in well- 
controlled diabetic patients with similar clinical ctiaracteris- 
tics. 16 Furthermore, exercise intensity was low to moderate. 

Electronegative LDL corresponds to a minor circulating LDL 
form with an increased negative charge that has some athero- 
genic characteristics. 61 We previously reported that L D L ( - )  is 
abnormally high in diabetic patients t3,62 and is related to 
glycemic control in type 1, but not type 2, diabetic patients. 62 In 
the present study, the proportion of L D L ( - )  was high compared 
with previous results obtained by our group in nondiabetic 
subjects 13,26 and tended to decrease after physical exercise. 
Finally, in this study, we observed no effect of long-term 
exercise on LDL susceptibility to oxidation. Previously, we 
observed an increase in LDL susceptibility to oxidation after an 

acute bout of very intense exercise, 22 which can be prevented by 
ascorbic acid. 63 However, it has been stated that LDL in athletes 
shows lower oxidizability, 26 and a decrease in LDL oxidation 
was obtained in studies that combined a low-fat diet with 
exercise. 64 This lack of effect of physical conditioning on LDL 
susceptibility to oxidation in our study may be related to the 
absence of changes in glycemic control and LDL composition, 
the minimal change in LDL size achieved, and possibly the 
short duration of the exercise program. Future studies on the 
effect of acute exercise after a period of physical training on 
LDL oxidizability may permit us to clarify whether physical 
conditioning improves the resistance to LDL oxidation after an 
acute bout of exercise. 

In conclusion, our study shows that in addition to the known 
beneficial effects on the body fat content, blood pressure, 
insulin requirements, and lipoprotein profile, regular physical 
exercise may reduce cardiovascular risk in diabetic patients by 
reducing high plasma Lp(a) concentrations. Furthermore, exer- 
cise produced favorable changes in the LDL phenotype and a 
tendency to reduce the proportion of electronegative LDL. 
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