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The relationship between physical activity and blood lipids and lipoproteins in dialysis patients is reviewed in the context of
the potentially confounding factors such as nutritional intake, cigarette smoking, obesity, alcohol intake, and physical activity
levels in the general population and additional confounding factors such as mode of dialysis and diabetes in dialysis patients.
The known associations in the general population of physical activity with high-density-lipoprotein cholesterol subfractions and
apolipoprotein A-I are more pronounced in hemodialysis patients than in peritoneal dialysis patients even after adjusting for these
confounding factors. Examining studies on the effects of physical activity on blood lipids and lipoproteins, the most consistent
observation is the noted decrease in triglycerides and increase in high-density-lipoprotein cholesterol and insulin sensitivity in
hemodialysis patients. The changes in lipids and lipoproteins in hemodialysis patients could be caused by changes in activity
levels of lipoprotein lipase, insulin sensitivity, and/or glucose metabolism. Future research investigating the relationship between
physical activity and blood lipids and lipoproteins in dialysis patients should direct research towards the underlying mechanisms
for changes in blood lipids and lipoproteins.

1. Introduction

Atherosclerotic heart disease is the leading cause of mortality
among patients with chronic kidney disease [1–3]. Chronic
kidney disease is associated with dyslipidemia, which seems
to persist as renal failure advances and continues to affect
clinical outcomes in patients on hemodialysis (HD) and peri-
toneal dialysis (PD) [4–13]. Patients on HD and PD are at
increased risk for atherosclerotic heart disease, which is due
at least in part to atherogenic lipid and lipoprotein abnor-
malities [1]. One study [14] compared traditional atheroscle-
rotic heart disease risk factors among new dialysis patients
with those in the general population and reported that
the dialysis patients had a high prevalence of diabetes, hyper-
tension, low physical activity, low high-density-lipoprotein

cholesterol (HDL-C), and high triglycerides (TG). Exercise
capacity as measured by maximal oxygen uptake in HD
and PD patients is lower than in sedentary normal controls
[15], but dialysis patients regardless of the treatment mode
could benefit from appropriate exercise training in order
to increase physical working capacity [16–18]. The posi-
tive association of physical activity with HDL-C has been
reported in the general population [19–21]. Although a
number of studies have reported blood lipid and lipoprotein
profiles of HD and PD patients [5–13, 22], very little is
known about how physical activity is related to or affects lipid
and lipoprotein abnormalities in dialysis patients [22–25].
The purpose of this study was to review the scientific liter-
ature concerning the relationship between physical activity
and blood lipids and lipoproteins in dialysis patients.
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2. Confounding Factors in the
General Population

When evaluating the predictive power of a certain risk factor,
a variation in the factor can be influenced by a simultaneous
variation in other possible confounding factors. Thus, it is
important to adjust other confounding factors to examine
the relationship of physical activity with blood lipids and
lipoproteins.

2.1. Nutrition. It has been suggested that higher intake of n-
3 polyunsaturated fatty acids and lower intakes of n-6 poly-
unsaturated fatty acids and saturated fatty acids have preven-
tive effects on coronary heart disease [26–30]. Saturated fatty
acids, cholesterol, and excess caloric intake raise serum low-
density-lipoprotein cholesterol (LDL-C) [31]. Consumption
of fruit and vegetables is inversely related to LDL-C [32–34].
In addition, individuals consuming a high-carbohydrate diet
tend to show lower HDL-C than those who consume a low-
carbohydrate diet [35, 36].

2.2. Cigarette Smoking. In studies at our laboratory [37–40],
we reported that cigarette smoking was negatively associated
with HDL-C [37] and positively with TG [37–40]. Cigarette
smokers show significantly higher TG and lower HDL-C
and/or HDL2-C [37–40].

2.3. Obesity. Obese subjects, in comparison with their coun-
terparts, tend to show higher TC, TG, and LDL-C and/or
lower HDL-C [41–46]. It has been reported that the percent-
age of body fat showed a significant positive correlation with
TG and a negative correlation with HDL-C after adjusting
for age and maximal oxygen uptake [47–49]. It has also been
reported that body mass index (BMI) was positively related
to LDL-C and TG [50].

2.4. Alcohol Intake. It has been reported that alcohol con-
sumption was positively associated with HDL, HDL2, and/or
HDL3 [51–53]. Alcohol drinkers show a higher HDL-C than
nondrinkers [54–58].

3. Confounding Factors in Dialysis Patients

The relationships of confounding factors with blood lipids
and lipoproteins in dialysis patients have not been inves-
tigated sufficiently in contrast to the above studies on the
general population.

3.1. Mode of Dialysis. Both HD and PD patients exhibit a
more atherogenic lipid profile, such as increased serum TG,
and decreased apolipoprotein (apo) A and/or HDL-C [5–13]
than healthy controls. However, PD patients exhibit a more
atherogenic lipid profile than HD patients [10, 11, 13, 22].
The cause of the worsening of lipid profile in PD patients may
be multifactorial. First, PD patients have increased lipopro-
tein substrate availability through glucose uptake from the
peritoneal dialysis fluid, which may contribute to increased
hepatic synthesis of apo B-containing lipoproteins [59, 60].

Second, it may be related to the loss of large molecular
weight substances in the peritoneal dialysis fluid [59, 60]. The
daily clearance of apo A-I has been reported to be twofold
to fourfold greater than that of apo B [61, 62]. Third, it has
been reported that the PD patients had significantly higher
apo CIII than HD patients [11], which may suggest that
removal of TG-rich lipoproteins may be less efficient in the
PD patients than HD patients because apo CIII inhibits
lipoprotein lipase (LPL). LPL hydrolyzes both chylomicron
and VLDL on the vascular endothelium and generates pre-
cursor of HDL during lipolysis of TG-rich lipoproteins [63].
Thus, decrease in this enzyme activity may decrease HDL-C
and increase TG.

3.2. Diabetes. Sakurai et al. [8] compared lipid, apoprotein,
and associated enzyme activities in 5 groups of subjects:
nondiabetic end-stage renal disease (ESRD) patients with
HD, nondiabetic ESRD patients without HD, diabetic ESRD
patients with HD, diabetic ESRD patients without HD, and
normal controls. The results showed that the 2 groups of
nondiabetic ESRD with or without HD exhibited signifi-
cantly higher serum TG and apo C-III and lower HDL-C, apo
A-I, apo A-II, apo E, and LCAT activities than the controls.
LPL activity was significantly lower in undialysed patient
groups than the controls, whereas such differences were not
found in dialysed patients groups. Hepatic triglyceride lipase
activity was decreased in all 4 patient groups compared
with that in controls. Patients with diabetic ESRD exhibited
significantly higher serum apo B than controls, besides the
lipid and apo abnormalities observed in nondiabetic ESRD
patients. The apo B/apo A-I ratio was significantly higher in
diabetic ESRD patient groups than in nondiabetic patient
groups undergoing HD. These results indicate that lipid
abnormalities are accelerated in diabetic ESRD patients.

4. Relationship of Physical Activity with
Blood Lipids and Lipoproteins

4.1. General Population. It has been reported that physical
activity was positively associated with HDL-C [19–21].
Active people in comparison with sedentary people tend to
show lower TC and TG and/or higher HDL-C [64–67].

4.2. Dialysis Patients. In a study at our laboratory [21], we
reported the relationship of physical activity, as measured by
steps/day, with HDL-C subfractions and LCAT activity in 35
HD and 26 PD patients. In this study, nutrient and dietary
intake, proportions of drinkers, smokers, and men and
women did not differ between HD and PD patient groups.
Furthermore, these variables did not correlate with any of the
serum lipids, lipoproteins, and LCAT activity. Thus, influ-
ences of these variables appear to be limited. However, HD
patients had significantly higher mean age and duration of
dialysis treatment and had lower mean BMI and steps/day
than PD patients, so that analysis was performed separately
for HD and PD by computer. The results showed that, when
possible confounding factors (LCAT activity, logarithmic
transformation of TG, age, and gender) were included in the



International Journal of Nephrology 3

stepwise multiple regression analyses, in HD patients, steps/
day was significantly positively correlated with HDL2-C and
apo A-I, while it was significantly positively correlated with
HDL3-C in PD patients. When subjects were subdivided into
3 groups according to steps/day, in HD patients, the highest
category of steps/day had significantly higher HDL2-C and
apo A-I than the lowest category, while such results were not
observed in PD patients. These results suggest that the known
associations in the general population of physical activity
with HDL-C subfractions and apo A-I are more pronounced
in HD patients than in PD patients. However, it needs to be
mentioned that because the sample size is small in this study,
further studies are needed to make firm conclusion.

5. Effects of Physical Exercise on
Blood Lipids and Lipoproteins

5.1. General Population. It has been reported that aerobic
training increases HDL-C [68, 69] and lowers TG, LDL-C,
and/or VLDL-C [69, 70].

5.2. Hemodialysis Patients. Goldberg et al., using 6 [23] or 7
[24] subjects, examined the metabolic effects of exercise
training in HD patients and reported that training lowered
TG and increased HDL-C. In a subsequent study, Goldberg
et al. [25] examined the effects of exercise on plasma lipids
and lipoproteins in 25 HD patients. Patients were random-
ized into comparable exercising (n = 14) and sedentary con-
trol (n = 11) groups. All training sessions were held indoors,
3 times weekly for a mean of 12 ± 4 (SD) months, on a
17 lap/mile track. The results showed that maximal oxygen
uptake significantly increased 21%, and the durations for
the graded exercise stress test significantly improved 19%
in exercising group, but did not change in controls. Plasma
TG significantly decreased 37%. No change in TC or LDL-C
was noted; however, HDL-C significantly increased 17% in
the exercising group. Furthermore, fasting plasma insulin
significantly decreased 20% and glucose disappearance rates
significantly improved 42%. Such changes were not observed
in the control group.

6. Mechanisms for Changes in Blood Lipids
and Lipoproteins in Dialysis Patients

Several possible mechanisms that could explain how physical
activity changes blood lipids and lipoproteins in dialysis
patients have been proposed by Goldberg et al. [23]. First,
they could be caused by changes in activity levels of LPL.
Kantor et al. [71], using 10 well-trained men, reported that
LPL activity was nearly doubled after participating in a
marathon and suggested that increase in LPL activity prob-
ably mediated the increase in HDL-C. However, the relation-
ship of physical activity with LPL activity has never been
investigated in dialysis patients.

Second, it is also possible that they could be indirectly
and/or directly caused by improvements of insulin sensitivity
and glucose metabolism [23]. The elevation in plasma
insulin may contribute to the lipid abnormalities observed in

dialysis patients by promoting the synthesis and production
of TG-rich lipoproteins by the liver. Goldberg et al. [23],
using 6 HD patients, examined the metabolic effects of exer-
cise training and reported that there was a 23% improvement
in glucose tolerance and a 40% reduction in hyperinsulinism
with no significant changes in body weight or diet.

7. Directions for Future Research

It is suggested that, in dealing with hyperlipoproteinemia,
the first principle is the provision of a diet [72, 73] and the
maintenance of a good exercise and physical fitness program.
However, the relationships of physical activity with blood
lipids and lipoproteins and effects of exercise training on
dialysis patients have not been investigated sufficiently in
contrast to that in the general population. For HD patients, it
is suggested that the intensity of exercise should be between
65% and 85% of maximal levels, as determined from exercise
testing. Interval work varying the exercise intensity between
“target” intensity and lower for durations of 5 minutes may
be necessary initially. The goal of 30 to 45 minutes of exercise
at target intensity per session, 3 sessions per week, should be
attained [74].

Future research investigating the relationship between
physical activity and blood lipids and lipoproteins in dialysis
patients should include (i) studies designed to investigate
the relationships of physical activity with blood lipids and
lipoproteins after adjusting for other possible confounding
factors, (ii) effects of exercise training on blood lipids and
lipoproteins, and (iii) directing research towards the underly-
ing mechanisms for changes in blood lipids and lipoproteins.
These studies should, in particular, focus on adolescents and
young adults since there is a paucity of information in the
literature in this area.
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H. M. Özilgili, “Increased lipoprotein (a) and its relationships
with other parameters of lipoprotein metabolism in chronic
renal failure treated by hemodialysis,” Japanese Heart Journal,
vol. 38, no. 1, pp. 83–89, 1997.

[8] T. Sakurai, T. Oka, H. Hasegawa, N. Igaki, S. Miki, and T. Goto,
“Comparison of lipids, apoproteins and associated enzyme
activities between diabetic and nondiabetic end-stage renal
disease,” Nephron, vol. 61, no. 4, pp. 409–414, 1992.

[9] E. Kimak, J. Solski, L. Janicka, A. Ksaziek, and K. Janicki,
“Concentration of Lp(a) and other apolipoproteins in predial-
ysis, hemodialysis, chronic ambulatory peritoneal dialysis and
post-transplant patients,” Clinical Chemistry and Laboratory
Medicine, vol. 38, no. 5, pp. 421–425, 2000.

[10] K. C. Siamopoulos, M. S. Elisaf, H. T. Bairaktari, M. B. Pappas,
G. D. Sferopoulos, and N. G. Nikolakakis, “Lipid parameters
including lipoprotein (a) in patients undergoing CAPD and
hemodialysis,” Peritoneal Dialysis International, vol. 15, no. 8,
pp. 342–347, 1995.

[11] P. O. A. Attman, O. G. Samuelsson, J. Moberly et al., “Apolipo-
protein B-containing lipoproteins in renal failure: the relation
to mode of dialysis,” Kidney International, vol. 55, no. 4, pp.
1536–1542, 1999.

[12] T. Shoji, Y. Nishizawa, H. Nishitani, M. Yamakawa, and H.
Morii, “Impaired metabolism of high density lipoprotein in
uremic patients,” Kidney International, vol. 41, no. 6, pp. 1653–
1661, 1992.

[13] J. B. Moberly, P. O. Attman, O. Samuelsson, A. C. Johansson,
C. Knight-Gibson, and P. Alaupovic, “Alterations in lipopro-
tein composition in peritoneal dialysis patients,” Peritoneal
Dialysis International, vol. 22, no. 2, pp. 220–228, 2002.

[14] J. C. Longenecker, J. Coresh, N. R. Powe et al., “Traditional car-
diovascular disease risk factors in dialysis patients compared
with the general population: the CHOICE study,” Journal of
the American Society of Nephrology, vol. 13, no. 7, pp. 1918–
1927, 2002.

[15] P. Painter, D. Messer-Rehak, P. Hanson et al., “Exercise capac-
ity in hemodialysis, CAPD, and renal transplant patients,”
Nephron, vol. 42, no. 1, pp. 47–51, 1986.

[16] P. Koufaki, T. H. Mercer, P. F. Naish et al., “Effects of exercise
training on aerobic and functional capacity of end-stage renal
disease patients,” Clinical Physiology and Functional Imaging,
vol. 22, no. 2, pp. 115–124, 2002.

[17] A. Deligiannis, E. Kouidi, E. Tassoulas, P. Gigis, A. Tourkan-
tonis, and A. Coats, “Cardiac effects of exercise rehabilitation
in hemodialysis patients,” International Journal of Cardiology,
vol. 70, no. 3, pp. 253–266, 1999.

[18] E. Konstantinidou, G. Koukouvou, E. Kouidi, A. Deligiannis,
and A. Tourkantonis, “Exercise training in patients with end-
stage renal disease on hemodialysis: comparison of three
rehabilitation programs,” Journal of Rehabilitation Medicine,
vol. 34, no. 1, pp. 40–45, 2002.

[19] M. Yao, A. H. Lichtenstein, S. B. Roberts et al., “Relative influ-
ence of diet and physical activity on cardiovascular risk factors
in urban Chinese adults,” International Journal of Obesity, vol.
27, no. 8, pp. 920–932, 2003.

[20] O. H. Forde, D. S. Thelle, E. Arnesen, and O. D. Mjos, “Dis-
tribution of high density lipoprotein cholesterol according
to relative body weight, cigarette smoking and leisure time
physical activity,” Acta Medica Scandinavica, vol. 219, no. 2,
pp. 167–171, 1986.

[21] K. Yano, D. M. Reed, J. D. Curb et al., “Biological and dietary
correlates of plasma lipids and lipoproteins among elderly

Japanese men in Hawaii,” Arteriosclerosis, vol. 6, no. 4, pp. 422–
433, 1986.

[22] R. Masuda, H. Imamura, K. Mizuuchi, K. Miyahara, H.
Kumagai, and H. Hirakata, “Physical activity, high-density
lipoprotein cholesterol subfractions and lecithin: cholesterol
acyltransferase in dialysis patients,” Nephron Clinical Practice,
vol. 111, no. 4, pp. c253–c259, 2009.

[23] A. P. Goldberg, J. M. Hagberg, J. A. Delmez et al., “Metabolic
effects of exercise training in hemodialysis patients,” Kidney
International, vol. 18, no. 6, pp. 754–761, 1980.

[24] A. P. Goldberg, J. M. Hagberg, J. A. Delmez et al., “The meta-
bolic and psychological effects of exercise training in hemo-
dialysis patients,” American Journal of Clinical Nutrition, vol.
33, no. 7, pp. 1620–1628, 1980.

[25] A. P. Goldberg, E. M. Geltman, J. M. Hagberg et al., “Thera-
peutic benefits of exercise training for hemodialysis patients,”
Kidney International, vol. 24, no. 16, pp. S-303–S-309, 1983.

[26] D. Mozaffarian, A. Ascherio, F. B. Hu et al., “Interplay between
different polyunsaturated fatty acids and risk of coronary
heart disease in men,” Circulation, vol. 111, no. 2, pp. 157–164,
2005.

[27] R. N. Lemaitre, I. B. King, D. Mozaffarian, L. H. Kuller,
R. P. Tracy, and D. S. Siscovick, “N-3 polyunsaturated fatty
acids, fatal ischemic heart disease, and nonfatal myocardial
infarction in older adults: The Cardiovascular Health Study,”
American Journal of Clinical Nutrition, vol. 77, no. 2, pp. 319–
325, 2003.

[28] J. L. Breslow, “N-3 Fatty acids and cardiovascular disease,”
American Journal of Clinical Nutrition, vol. 83, no. 6, supple-
ment, pp. 1477S–1482S, 2006.

[29] F. B. Hu, L. Bronner, W. C. Willett et al., “Fish and omega-3
fatty acid intake and risk of coronary heart disease in women,”
Journal of the American Medical Association, vol. 287, no. 14,
pp. 1815–1821, 2002.

[30] T. Nakamura, A. Azuma, T. Kuribayashi, H. Sugihara, S.
Okuda, and M. Nakagawa, “Serum fatty acid levels, dietary
style and coronary heart disease in three neighbouring areas
in Japan: the Kumihama study,” British Journal of Nutrition,
vol. 89, no. 2, pp. 267–272, 2003.

[31] S. M. Grundy and M. A. Denke, “Dietary influences on serum
lipids and lipoproteins,” Journal of Lipid Research, vol. 31, no.
7, pp. 1149–1172, 1990.
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