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Abstract
The present study revealed that the relationship between HDL and CHD stresses the importance of finding ways to increase HDL. The 
majority of the exercise intervention studies that have been conducted in relation to lipoproteins have tried to uncover how exercise 
changes the blood lipid profile. The role of lipoproteins has been a major area of interest in relation to coronary heart disease (CHD) 
risk. It is evident that there exists a relationship between CHD risk and physical exercise. Possible alterations in lipoprotein fractionation 
due to exercise might be an important change that could explain the relationship between exercise and reduced CHD risk. High-density 
lipoprotein (HDL) is considered a major CHD risk factor and a low level of this lipoprotein is associated with increased CHD risk. High-
ly exercises exhibit higher levels of HDL cholesterol (HDL-C) than their low exercises therefore it is plausible to suggest that exercise 
induces these beneficial changes. Exercise training also improves cholesterol homeostasis. To examine this, we measured circulating 
levels of glucose, uric acid creatinine, AST, ALT ALP , whole blood CBC and lipids profile and hypertentiom systoloic blood pressure 
and diastolic blood pressure in 150 persons  (average age 50 years; with at least one metabolic syndrome risk factor) before and after      
6 months of exercise training. The blood glucose showed that high significant deccrease on blood glucose with increasing exercise. 
Also, there were significant decreases in blood elements (Na, K, Cl and Ca) in the population that increase exercise than other one. On 
the other hand there were a significant decrease on blood urea, creatinine and uricacid in the population that increase exercise than other 
one.The liver enzymes AST, ALT and ALP were a significant decrease in blood of human in the population that increase exercise than 
other one. Concerning lipid profile, we noted that variety induced low significant variation of different lipid parameters in the population 
that increase exercise than other one. Resuults  generally showed that increase in exercise were always high significant decrease in their 
blood elements Na, K, Cl and Ca. Also, there is high significant decrease in liver functions and kidney functions in the population that 
increase exercise than other one and high significant variation of different lipid parameters in the population that increase exercise than 
other one.We suggest that ionic disturbance might be the missing link responsible for the frequent clinical coexistence of hypertension, 
atherosclerosis and metabolic disorders. 
     . These data indicate that exercise training reduces plasma cholesterol, glucose, uric acid creatinine, AST, ALT ALP and and hyper-
tentiom systoloic blood pressure and diastolic blood pressure in patients with metabolic syndrome risk factors. 
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Introduction
Human plasma contains small amounts of non- cholesterol sterols 
that provide information related to cholesterol homeostasis. For 
example, lathosterol, a precursor in the cholesterol synthetic path-
way, is a  marker for whole body cholesterol synthesis, while plant 
sterols, including campesterol and sitosterol, correlate with rates 
of cholesterol absorption (Miettinen et al. 1990). Furthermore, the 
ratio between campesterol and lathosterol is often used to indicate 
the ratio between cholesterol absorption and synthesis (Miettinen 
et al. 1990).
Individuals with type II diabetes,  hyperlipidemia, and obesity 
have altered cholesterol homeostasis, indicated by low cholesterol 
absorption and/or elevated cholesterol synthesis (Chan et al. 2003, 
Gylling and Miettinen 1997, Miettinen et al. 2004, Simonen et al. 
2000, Sutherland et al. 1992). Diet- induced weight loss improves 
many risk factors for the metabolic syndrome and was recently 
shown to increase cholesterol absorption in obese diabetics (Sim-
onen et al. 2000). Furthermore, in this study the increase in cho-
lesterol absorption was correlated with improvements in insulin 
resistance, leading to the suggestion that low cholesterol absorp-
tion should be considered a component of the metabolic syndrome 
(Simonen et al. 2000).
Endurance exercise training also improves traditional metabolic 
syndrome risk factors, but little is known about the effects of ex-
ercise training on  cholesterol absorption or synthesis. Two recent 
studies by Varady  et  al.  (2004,  2007)  showed  that  8  weeks    of 
endurance exercise training had little mixed effects on markers of 
cholesterol absorption and synthesis. However, the relatively short 
exercise interventions used in these studies may have been insuf-
ficient to provide the metabolic adaptations necessary to promote 
significant changes in cholesterol homeostasis. The purpose of this 
study was to examine the effect of long-term endurance exercise 
training on cholesterol absorption and synthesis by measuring 
circulating plant sterol and lathosterol  levels before and after a 
6-month endurance exercise training intervention in individuals at 
risk for developing metabolic syndrome.
Materials and Methods
Blood samples were collected from 150 exercise persons that have 
Cholesterol, Hypertension and Diabetes and Non Diabetes. To 
show the effect of exercise on the persons that have Cholester-
ol, Hypertension and Diabetes and Non Diabetes. These samples 

were analyzed by using ICP emission instrument on Perkin Elmer 
ICP-400 at the University of Hail, KSA. Each hospital is repre-
sented by 50 blood samples for chemical and blood analysis with 
a total of 150 samples. Collect the blood samples to determine 
the Blood elements Na, K, Cl and Ca, liver functions and kidney 
functions in this population and different lipid parameters were 
measured. Blood sugar was measured in capillary blood samples 
with Lifescan One Touch II ® Glucometer, which has been tested 
for accuracy and precision against a Beckman Synchron CX7 ana-
lyzer of a laboratory that uses the glucose oxidase method.The as-
says of total cholesterol (TC), HDL-cholesterol, LDL cholesterol 
and triglycerides (TG) were performed by enzymatic colorimetric 
methods using kits marketed by Bio Systems, Spain. Reference 
values adopted are those given by the distributors of these kits. 
Liver functions and kidney functions in this population and dif-
ferent lipid parameters were measured were performed by enzy-
matic colorimetric methods using kits marketed by Bio Systems, 
Spain. Reference values adopted are those given by the distribu-
tors of these kits. The blood pressure measured by semi-automat-
ic-blood-pressure- monitor-arm-67468-104993.
Statistical Analysis
Data  were expressed as M ± SD. The SPSS program    version 
15 was used in analysis. One way analysis of Variance (ANOVA) 
followed by Duncan post hoc test and/or t-test were used in analy-
sis. Pearson correlation Coefficient was used to study correlations. 
P-values less than 0.05 were significant.
Results
The present study showed that the effect of exercise on the per-
sons that have Cholesterol, Hypertension and Diabetes and Non 
Diabetes on their blood glucose showed that high significant de-
crease on blood glucose with increasing exercise. Also, there were 
no significant decrease in blood elements (Na, K, Cl and Ca) in the 
population that increase in exercise than other one. On the other 
hand there was a significant decrease on blood pressure with in-
creasing exercise as shown in Table 1. On the other hand there was 
no significant decrease in blood elements (Na, K, Cl and Ca) in the 
normal population before exercise than after exercise as shown ta-
ble 1. Also, there was no significant decrease in blood glucose and 
blood pressure in the normal population before exercise than after 
exercise as shown table 1.

Table 1: Effect of exercise on the persons that have Cholesterol, Hypertension and Diabetes and Non Diabetes on the blood glucose 
and blood elements Na, K, Cl and Ca
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Table 2 and table 3 showed that the urea, creatinine and uric acid 
in the population that decrease in exercise than other one. The liver 
enzymes AST, ALT and ALP were a significant decrease in blood 
of human in the population that increases in exercise than other 
one. Concerning lipid profile, we noted that variety induced high 
significant variation of different lipid parameters in the population 

that increase in exercise than other one. On the other hand there 
was no significant decrease in The liver enzymes AST, ALT and 
ALP in the normal population before exercise than after exercise 
as shown table 3. Also, there was no significant decrease in blood 
urea, creatinine and uric acid in the normal population before ex-
ercise than after exercise as shown table 2.

Table 2: Effect of exercise on the persons that have Cholesterol, Hypertension and Diabetes and Non Diabetes on the liver functions 
enzymes AST, ALT and ALP

Table 3: Effect of exercise on the persons that have Cholesterol, Hypertension and Diabetes and Non Diabetes on the kidney functions 
enzymes Creatinine, Uric acid and Urea

Results generally showed that increase in exercise were always 
high significant decrease in their blood Cholesterol. Also, there is 
high significant decrease in Triglyceride and Albumin in the popu-
lation that decrease in exercise than other one.  and high significant 
increase in HDL but high significant decrease in LDL in the pop-
ulation that increase in exercise than other one as shown in Table 
4. On the other hand there was no significant decrease in the blood 

Cholesterol in the normal population before exercise than after ex-
ercise as shown table 4. Also, there was no significant decrease in 
Triglyceride and Albumin in the normal population before exer-
cise than after exercise as shown table 4. There was no significant 
increase The blood HDL in the normal population before exercise 
than after exercise as shown table 4.

Table 4: Effect of exercise on the persons that have Cholesterol, Hypertension and Diabetes and Non Diabetes on the total protein, 
albumin, triglycerides, LDL, HDL and cholesterol

Data presented in table 5 are means ± S.E.M. *p<0.05 compared to 
baseline. Baseline and final testing are shown in Table 5. There was 
a modest (1.2 kg) reduction in total body weight (p<0.001). There 
was a small (1.3 %) increase in lean body mass (LBM) (p=0.005), 
and % body fat and intra-abdominal fat mass were reduced by 4 
% (p<0.001) and 7 % (p=0.002), respectively. However, there was 
no significant change in subcutaneous fat mass (p=0.10). Plasma 

lipids improved in response to the exercise intervention, as TG, 
TC and LDL-C were each significantly reduced, while HDL-C 
increased after the intervention (p < 0.05 for each). In addition, 
fasting plasma insulin levels were reduced     by 14 %, though 
plasma glucose levels paradoxically increased by ~ 10 % (p<0.05 
for each).
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Table 5: Effect of exercise on the persons that have Cholesterol, Hypertension and Diabetes and Non Diabetes on baseline and final 
testing.

Discussion
This study include 6 months of exercise training increased plasma 
levels of cholesterol absorption (Miettinen et al. 1990). Thus these 
data suggests that exercise training increases cholesterol absorp-
tion and the ratio of cholesterol absorption to synthesis, whereas 
there was no significant change in cholesterol synthesis with train-
ing. Despite the increase in markers of cholesterol absorption, the 
plasma lipoprotein profile improved, as total and LDL-C levels 
were reduced, and HDL-C levels increased. This study to demon-
strate that long-term exercise training is associated with changes in 
these markers of cholesterol metabolism. Recently, Varady et al. 
(2004) showed that a shorter 8-week   endurance   exercise   pro-
gram   increased plasma lathosterol, but not plant sterol levels, and 
a follow-up study by the same group found that same 8 weeks of 
endurance exercise training had no effect on either cholesterol ab-
sorption or synthesis measured by the single stable isotope tracer 
method (Varady et al. 2007). There were several differences be-
tween our study and the studies by Varady et al. that may account 
for these discrepant  findings. First, the length of the exercise inter-
vention was significantly shorter in the studies by Varady et al. (8 
weeks) compared to our study (24 weeks).  It is possible that the 
adaptations that promote significant changes in cholesterol metab-
olism may not manifest themselves until after several months of 
exercise training. A second primary difference between these stud-
ies was the dietary control. In our study, all subjects were stabi-
lized on an AHA step  I diet prior to beginning the exercise inter-
vention, while in the studies by Varady et al. subjects were only 
asked to maintain their current dietary regimens. It is possible that 

significant diet variations between subjects may have masked the 
effects of the exercise intervention on plant sterol levels or choles-
terol absorption in their studies.Another significant finding in our 
study was the correlations between plasma markers of cholesterol 
absorption with factors associated with the metabolic syndrome. 
At baseline, there was an inverse correlation between exercise and 
fasting plasma  insulin levels, and a trend for a correlation between 
these variables at final testing (p = 0.08). Furthermore, we found 
an inverse correlation between exercise and TG levels  at  baseline,  
and  an  inverse  correlation  between % body fat and after the ex-
ercise training intervention. This is similar to the data of Simonen 
et al. (2000) who found a positive correlation between plant sterol 
levels and serum sex hormone binding globulin (SBHG), a marker 
of insulin sensitivity (Haffner 1996), and an inverse correlation 
between campesterol and TG levels after diet-induced weight loss. 
Several other studies have also noted inverse correlations between 
markers of cholesterol absorption and various metabolic syndrome 
risk factors (Elsayed shokr et al. 2016 & 2017; Gylling et al. 2004, 
Pihlajamaki et al. 2004), leading to speculation that low cholester-
ol absorption may be a component of the metabolic syndrome 
(Simonen et al. 2000). We believe our data provide additional sup-
port for this hypothesis. Simonen et al. (2000) also found that the 
diet- induced change in plant sterols was inversely correlated  to 
the change in body weight. This correlation was independent of 
changes in other metabolic syndrome risk factors in a multiple re-
gression analysis (Table 5). Many of the beneficial effects of exer-
cise on risk factors for chronic disease are often attributed to 
weight loss induced by the increase in physical activity. Our data 
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indicate that both weight loss and increases in cardiorespiratory 
fitness may have independent effects on cholesterol absorption. 
The mechanisms responsible for the changes in markers of choles-
terol absorption found in this study are uncertain. Elsayed shokr et 
al. 2016 & 2017; Simonen et al. (2000) hypothesized that increas-
ing insulin resistance and obesity may change the intestinal cho-
lesterol pool or the absorption mechanism of the intestinal mucosa. 
Thus the exercise could exert its effects on intestinal cholesterol 
absorption by improving insulin sensitivity. However, while insu-
lin sensitivity was not measured in this study, we did not find a 
correlation between changes in plasma sterol levels and fasting 
insulin or glucose levels. Another possibility is that changes in 
cholesterol metabolism could be due to alterations in the expres-
sion of genes involved in intestinal cholesterol transport. Choles-
terol absorption is regulated by multiple genes expressed by en-
terocytes, including Niemann-Pick C1- like1 (NPC1L1), which 
induces the influx of dietary cholesterol and plant sterols from the 
intestinal lumen into the enterocyte (Davis et al. 2004; Elsayed 
shokr et al. 2016;), and the ATP binding cassette transporters 
(ABC) G5 and G8, which limit sterol absorption by selectively 
pumping them back into the intestinal lumen (Yu et al. 2004). Sev-
eral studies have shown that genetic polymorphisms in the ABCG5, 
ABCG8, and NPC1L1 genes affect cholesterol absorption in hu-
mans (Cohen et al. 2006, Elsayed shokr et al. 2016 & 2017; Gyl-
ling et al. 2004), and the variable expression of these genes may 
explain the differences in rates of cholesterol absorption  between 
inbred strains of mice (Duan et al. 2004, 2006). Consequently, one 
way in which exercise may affect cholesterol absorption is by al-
tering directly the intestinal expression of the ABCG5, ABCG8 or 
NPC-1L1 genes. In mice, we have shown that 3 months of endur-
ance exercise training (treadmill running) reduced the expression 
of ABCG5, ABCG8, and NPC1L1 by ~60 % (Wilund et al. 2008).  
However,  we  are  uncertain  if  exercise    training modifies the 
expression of these genes in a similar manner in humans. A posi-
tive correlation between cholesterol absorption and LDL-C levels 
has been seen in population studies (Kesaniemi and Miettinen 
1987), suggesting that reducing cholesterol absorption may have 
therapeutic benefits. Furthermore, ezetemibe, bile acid seques-
trants  and dietary plant sterol intake are commonly used as thera-
pies for reducing cholesterol absorption and lowering LDL-C lev-
els. However, Simonen et al. (2000) showed that diet-induced 
weight loss increases cholesterol absorption, without increasing 
LDL-C levels, and our data presented here indicate that exercise 
training with modest weight loss also increases markers of choles-
terol absorption, while decreasing LDL-C levels. This apparent 
paradox may be explained by data from earlier animal studies 
showing that endurance exercise training may increase the catabo-
lism of cholesterol into bile acids (Elsayed shokr et al. 2016 & 
2017; Hebbelinck and Casier 1966, Malinow et al. 1968) and the 
excretion of cholesterol and bile acids in the feces (Fukuda et al. 
1979, Ostlund and Reaban 1989). As a result, increases in choles-
terol absorption may be offset by increased catabolism and excre-
tion of cholesterol, resulting in no change or the modest reductions 
in LDL-C seen in many exercise training studies. There are several 
limitations to this study. The first is the absence of a non-exercis-

ing control group. The subjects analyzed here were part of a larger 
trial in which subjects with polymorphic variations at specific gene 
loci served as the comparison groups, so a sedentary control group 
was not included. Second, we did not measure plasma variables 
prior to beginning the 6-week dietary stabilization period, so we 
cannot exclude the possibility that the changes in plasma sterols 
were influenced by the change    in    diet    prior    to    beginning    
the   exercise intervention. However, we believe that the 6-week 
lead-in-period for the dietary changes makes this  unlikely. Future 
studies using randomized controlled trial designs should be con-
ducted to confirm the results presented here. A third limitation of 
this study was that we estimated cholesterol absorption and syn-
thesis using plasma markers 
In conclusion, we found that exercise training increased markers 
of cholesterol absorption, but did not affect markers of cholesterol 
synthesis, in elderly individuals with at least one metabolic syn-
drome risk factor. Despite this, the lipoprotein-lipid profile was 
improved, as there was a reduction in TG, TC, and LDL- C, and 
an increase in HDL-C following the intervention. This exercise-in-
duced increase in cholesterol absorption may indicate a correction 
in cholesterol metabolism in this population and highlights the 
complex relationship between chronic physical activity and cho-
lesterol homeostasis.
Acknowledgements
We are grateful to physiology department Faculty of Medicine 
Hail University, for their support with instruments for analysis of 
blood samples and funding.
References
1. CHAN DC, WATTS GF, BARRETT PH, O’NEILL FH, 
THOMPSON GR: Plasma markers of cholesterol homeostasis  
and apolipoprotein B-100 kinetics in the metabolic syndrome. 
Obes Res 11: 591-596, 2003.
2. COHEN JC, PERTSEMLIDIS A, FAHMI S, ESMAIL S, 
VEGA GL, GRUNDY SM, HOBBS HH: Multiple rare varian-
tsin NPC1L1 associated with reduced sterol absorption and plas-
ma low-density lipoprotein levels. Proc Natl Acad Sci U S A 103: 
1810-1815, 2006.
3. DAVIS HR JR, ZHU LJ, HOOS LM, TETZLOFF G, MAGUIRE 
M, LIU J, YAO X, IYER SP, LAM MH, LUND EG,DETMERS 
PA, GRAZIANO MP, ALTMANN SW: Niemann-Pick C1 Like 1 
(NPC1L1) is the intestinal phytosterol and cholesterol transport-
er and a key modulator of whole-body cholesterol homeostasis. J 
Biol Chem 279: 33586-33592, 2004.
4. DUAN LP, WANG HH, OHASHI A, WANG DQ: Role of in-
testinal sterol transporters Abcg5, Abcg8, and Npc1l1 in cholester-
ol absorption in mice: gender and age effects. Am J Physiol 290: 
G269-G276, 2006.
5. DUAN LP, WANG HH, WANG DQ: Cholesterol absorption is 
mainly regulated by the jejunal and ileal ATP-binding cassette ste-
rol efflux transporters Abcg5 and Abcg8 in mice. J Lipid Res 45: 
1312-1323, 2004.
6. Elsayed A. M. Shokr, et al., (2016). Effect of Ageing on Dia-
betes Mellitus and Hypertension. International Journal of Current 

5

https://doi.org/10.25141/2577-0152-2017-1.0001
https://www.ncbi.nlm.nih.gov/pubmed/12690090
https://www.ncbi.nlm.nih.gov/pubmed/12690090
https://www.ncbi.nlm.nih.gov/pubmed/12690090
https://www.ncbi.nlm.nih.gov/pubmed/12690090
https://www.researchgate.net/publication/7325366_Multiple_rare_variants_in_NPC1L1_associated_with_reduced_sterol_absorption_and_plasma_low-density_lipoprotein_levels
https://www.researchgate.net/publication/7325366_Multiple_rare_variants_in_NPC1L1_associated_with_reduced_sterol_absorption_and_plasma_low-density_lipoprotein_levels
https://www.researchgate.net/publication/7325366_Multiple_rare_variants_in_NPC1L1_associated_with_reduced_sterol_absorption_and_plasma_low-density_lipoprotein_levels
https://pdfs.semanticscholar.org/0980/5a8707b235d79b880a161d46a0346b3fb85b.pdf?_ga=2.76313557.1396750951.1519382058-718118410.1519382058
https://pdfs.semanticscholar.org/0980/5a8707b235d79b880a161d46a0346b3fb85b.pdf?_ga=2.76313557.1396750951.1519382058-718118410.1519382058
https://pdfs.semanticscholar.org/0980/5a8707b235d79b880a161d46a0346b3fb85b.pdf?_ga=2.76313557.1396750951.1519382058-718118410.1519382058
http://www.physiology.org/doi/10.1152/ajpgi.00172.2005
http://www.physiology.org/doi/10.1152/ajpgi.00172.2005
http://www.physiology.org/doi/10.1152/ajpgi.00172.2005
http://www.jlr.org/content/45/7/1312.full.pdfand
http://www.jlr.org/content/45/7/1312.full.pdfand
http://www.jlr.org/content/45/7/1312.full.pdfand
https://www.journalcra.com/sites/default/files/14305.pdf
https://www.journalcra.com/sites/default/files/14305.pdf


International Journal of  Nephrology and Urological Disorders Volume 1 Issue 1, December 2017

Elsayed A. M. Shokr  (2017), Effects of Daily Exercise on Cholesterol and Hypertension in Diabetes and Non Diabetes Patients. Int J 
Nep & Uro Dis.  1:1, 01-06. DOI: 10.25141/2577-0152-2017-1.0001

Research, Vol. 8, Issue, 04, pp. 29836-29840, April, 2016
7. Elsayed A. M. Shokr, et al., (2016). Effect of Dates on Blood 
Elements, Glucose and Lipid in Human Population Hail, Ksa. 
International Journal of Current Research, Vol. 8, Issue, 04, pp. 
29845- 29849, April, 2016
8. Elsayed A. M. Shokr, et al., (2016). Physiological Study on the 
Relation of Heart Rate Variability in Ageing and Thyroid Hormone 
Disorder. International Journal of Medical Research &Health Sci-
ences, 2016, 5, 4:133-138
9. Elsayed A. M. Shokr, et al., (2017). EFFECT WATER POLLU-
TION ON  BLOOD  ELEMENTS IN  THE HUMAN  POPULA-
TION HAIL,KSA. International Journal of Medical Research & 
Health Sciences, 2017, 6(2) 43-48
10. Elsayed A. M. Shokr, et al., 2016. Chronic Renal Failure Asso-
ciated with Heavy Metal Contamination of Drinking Water in Hail, 
KSA. Global Advanced Research Journal of Medicine and Med-
ical Sciences (ISSN: 2315-5159) Vol. 5(1) pp. 006-013, January, 
2016 Available online http://garj.org/garjmms Copyright © 2016  
Global  Advanced Research Journals.
11. FUKUDA N, IDE T, KIDA Y, TAKAMINE K, SUGANO M: 
Effects of exercise on plasma and liver lipids of rats. IV. Effects of 
exercise on hepatic cholesterogenesis and fecal steroid excretion 
in rats. Nutr Metab 23: 256-265, 1979. GYLLING H, HALLIKA-
INEN M, PIHLAJAMAKI J, AGREN J, LAAKSO M, RAJA-
RATNAM RA, RAURAMAA  R,
12. GYLLING H, MIETTINEN TA: Cholesterol absorption, syn-
thesis, and LDL metabolism in NIDDM. Diabetes Care 20: 90-95, 
1997.
13. HAFFNER SM: Sex hormone-binding  protein,  hyperinsulin-
emia,  insulin resistance and noninsulin-dependent    diabetes. 160: 
1239-1240, 1968.
14. HEBBELINCK M, CASIER H: Effect of muscular exercise on 
the metabolism of 4-C14 labelled cholesterol in mice. Int Z Angew 
Physiol 22: 185-189, 1966.
15. KESANIEMI YA, MIETTINEN TA: Cholesterol absorption 
efficiency regulates plasma cholesterol level in the Finnish popu-
lation. Eur J Clin Invest 17: 391-395, 1987.
16. MALINOW  MR, MCLAUGHLIN  P, PERLEY  A: Cholester-
ol:  treadmill  activity  accelerates  oxidation  in rats. Science Horm 
Res 45: 233-237, 1996.
17. MAZESS RB, BARDEN HS, BISEK JP, HANSON J: Dual-en-
ergy x-ray absorptiometry for total-body and regional bone-min-
eral and soft-tissue composition. Am J Clin Nutr 51: 1106-1112, 
1990.
18. MIETTINEN TA, GYLLING H, TUOMINEN J, SIMONEN 
P, KOIVISTO V: Low synthesis and high absorption of cholesterol 
characterize type 1 diabetes. Diabetes Care 27: 53-58, 2004.
19. MIETTINEN TA, TILVIS RS, KESANIEMI YA: Serum plant 
sterols and cholesterol precursors reflect cholesterol absorption 
and synthesis in volunteers of a randomly selected male popula-

tion. Am J Epidemiol 131: 20-31, 1990.
20. MIETTINEN TA: Polymorphisms in the ABCG5 and ABCG8 
genes associate with cholesterol absorption and insulin sensitivity. 
J Lipid Res 45: 1660-1665, 2004.
21. NICKLAS BJ, ROGUS EM, COLMAN EG, GOLDBERG 
AP: Visceral adiposity, increased adipocyte lipolysis, and meta-
bolic dysfunction in obese postmenopausal women. Am J Physiol 
270: E72-E78, 1996.
22. OSTLUND RE JR, REABAN M: Effect of exercise training 
on plasma cholesterol and cholesterol kinetics in adult female rats. 
Atherosclerosis 75: 7-11, 1989.
23. PIHLAJAMAKI J, GYLLING H, MIETTINEN TA, LAAK-
SO M: Insulin resistance is associated with increased cholesterol 
synthesis and decreased cholesterol absorption in normoglycemic 
men. J Lipid Res 45: 507-512, 2004.
24. SEALS DR, HAGBERG JM, HURLEY BF, EHSANI AA, 
HOLLOSZY JO: Endurance training in older men and women. 
I. Cardiovascular responses to exercise. J Appl Physiol 57: 1024-
1029, 1984.
25. SIMONEN P, GYLLING H, HOWARD AN, MIETTINEN 
TA: Introducing a new component of the  metabolic  syndrome: 
low cholesterol absorption. Am J Clin Nutr 72: 82-88, 2000.
26. SUTHERLAND WH, SCOTT RS, LINTOTT CJ, ROBERT-
SON MC, STAPELY SA, COX C: Plasma non-cholesterol sterols 
in patients with non-insulin dependent diabetes mellitus. Horm 
Metab Res 24: 172-175, 1992.
27. VARADY KA, EBINE N, VANSTONE CA, PARSONS WE, 
JONES PJ: Plant sterols and endurance training combine to fa-
vorably alter plasma lipid profiles in previously sedentary hyper-
cholesterolemic adults after 8 wk. Am J Clin Nutr 80: 1159-1166, 
2004.
28. VARADY KA, HOUWELING AH, JONES PJ: Effect of plant 
sterols and exercise training on cholesterol absorption and synthe-
sis in previously sedentary hypercholesterolemic subjects. Transl 
Res 149: 22-30, 2007.
29. WILUND KR, COLVIN PL, PHARES D, GOLDBERG AP, 
HAGBERG JM: The effect of endurance exercise training   on 
plasma lipoprotein AI and lipoprotein AI:AII concentrations in 
sedentary adults. Metabolism 51: 1053-1060, 2002.
30. WILUND KR, FEENEY LA, TOMAYKO EJ, CHUNG HR, 
KIM K: Endurance exercise training reduces gallstone develop-
ment in mice. J Appl Physiol 104: 761-765, 2008.
31. WILUND KR, YU L, XU F, VEGA GL, GRUNDY SM, CO-
HEN JC, HOBBS HH: No association between plasma levels of 
plant sterols and atherosclerosis in mice and men. Arterioscler 
Thromb Vasc Biol 24: 2326-2332, 2004.
32. YU L, VON BERGMANN K, LUTJOHANN D, HOBBS 
HH, COHEN JC: Selective sterol accumulation in ABCG5/AB-
CG8-deficient mice. J Lipid Res 45: 301-307, 2004.

6

https://doi.org/10.25141/2577-0152-2017-1.0001
https://www.journalcra.com/sites/default/files/14305.pdf
https://www.journalcra.com/sites/default/files/14307.pdf
https://www.journalcra.com/sites/default/files/14307.pdf
https://www.journalcra.com/sites/default/files/14307.pdf
http://www.ijmrhs.com/medical-research/physiological-study-on-the-relation-of-heart-rate-variability-in-ageing-and-thyroid-hormone-disorder.pdf
http://www.ijmrhs.com/medical-research/physiological-study-on-the-relation-of-heart-rate-variability-in-ageing-and-thyroid-hormone-disorder.pdf
http://www.ijmrhs.com/medical-research/physiological-study-on-the-relation-of-heart-rate-variability-in-ageing-and-thyroid-hormone-disorder.pdf
http://www.ijmrhs.com/medical-research/physiological-study-on-the-relation-of-heart-rate-variability-in-ageing-and-thyroid-hormone-disorder.pdf
http://www.ijmrhs.com/medical-research/effect-of-water-pollution-on-blood-elements-in-the-human-population-of-hail-ksa.pdf
http://www.ijmrhs.com/medical-research/effect-of-water-pollution-on-blood-elements-in-the-human-population-of-hail-ksa.pdf
http://www.ijmrhs.com/medical-research/effect-of-water-pollution-on-blood-elements-in-the-human-population-of-hail-ksa.pdf
http://www.ijmrhs.com/medical-research/effect-of-water-pollution-on-blood-elements-in-the-human-population-of-hail-ksa.pdf
http://garj.org/garjmms/1/2016/5/1/chronic-renal-failure-associated-with-heavy-metal-contamination-of-drinking-water-in-hail-ksa
http://garj.org/garjmms/1/2016/5/1/chronic-renal-failure-associated-with-heavy-metal-contamination-of-drinking-water-in-hail-ksa
http://garj.org/garjmms/1/2016/5/1/chronic-renal-failure-associated-with-heavy-metal-contamination-of-drinking-water-in-hail-ksa
http://garj.org/garjmms
https://www.researchgate.net/publication/22700905_Effects_of_exercise_on_plasma_and_liver_lipids_of_rats_IV_Effects_of_exercise_on_hepatic_cholesterogenesis_and_fecal_steroid_excretion_in_rats
https://www.researchgate.net/publication/22700905_Effects_of_exercise_on_plasma_and_liver_lipids_of_rats_IV_Effects_of_exercise_on_hepatic_cholesterogenesis_and_fecal_steroid_excretion_in_rats
https://www.researchgate.net/publication/22700905_Effects_of_exercise_on_plasma_and_liver_lipids_of_rats_IV_Effects_of_exercise_on_hepatic_cholesterogenesis_and_fecal_steroid_excretion_in_rats
http://care.diabetesjournals.org/content/20/1/90
http://care.diabetesjournals.org/content/20/1/90
https://www.karger.com/Article/Pdf/184794
https://www.karger.com/Article/Pdf/184794
https://link.springer.com/article/10.1007/BF00695007
https://link.springer.com/article/10.1007/BF00695007
https://link.springer.com/article/10.1007/BF00695007
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2362.1987.tb01132.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2362.1987.tb01132.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2362.1987.tb01132.x/abstract
https://watermark.silverchair.com/1106.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaYwggGiBgkqhkiG9w0BBwagggGTMIIBjwIBADCCAYgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMawWVAPsbu9rHkPYJAgEQgIIBWZncpmILL1p1TCkt61IRROUGT7nTOXaN_r_M5-u3dE66ujJX_RtaVjBe9GsgTUDKTgrDDH-Is7wtDtkkMRHy300sbADLkEZiMvoxNPOpCrgctttQ-CnTcaxcw-Z-hgfK9DXPV1W5PGfaQZVVBrSYB5DD8j4CZ774OvtHrL24UK2yMKTKFOa2FyYWB2lkk7lUeh7Xt7HZlCyLHYwAXBenq5mRPkoV4A1_EZBBCf0bP8laoCaklnVKlZ7oT0zj_omUaA6lBIxAX6MaGI8mMDFpWexjtxbyhfK6Rey_Tt80zikg3y2cKxTilDUFbAGXi_OBXgHKDh73lR0voBmQRY3nlLBMwu4T11uQNHUoWpSqWkzjXSXH0vTCiN8UekRDf2bEFGRJIGJ4371P_NxJeiq6x1xFDogh9sZnVTciipucG0AA-5HvKomGydCaL2eBKq7DQgv75xjbP6iZgQ
https://watermark.silverchair.com/1106.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaYwggGiBgkqhkiG9w0BBwagggGTMIIBjwIBADCCAYgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMawWVAPsbu9rHkPYJAgEQgIIBWZncpmILL1p1TCkt61IRROUGT7nTOXaN_r_M5-u3dE66ujJX_RtaVjBe9GsgTUDKTgrDDH-Is7wtDtkkMRHy300sbADLkEZiMvoxNPOpCrgctttQ-CnTcaxcw-Z-hgfK9DXPV1W5PGfaQZVVBrSYB5DD8j4CZ774OvtHrL24UK2yMKTKFOa2FyYWB2lkk7lUeh7Xt7HZlCyLHYwAXBenq5mRPkoV4A1_EZBBCf0bP8laoCaklnVKlZ7oT0zj_omUaA6lBIxAX6MaGI8mMDFpWexjtxbyhfK6Rey_Tt80zikg3y2cKxTilDUFbAGXi_OBXgHKDh73lR0voBmQRY3nlLBMwu4T11uQNHUoWpSqWkzjXSXH0vTCiN8UekRDf2bEFGRJIGJ4371P_NxJeiq6x1xFDogh9sZnVTciipucG0AA-5HvKomGydCaL2eBKq7DQgv75xjbP6iZgQ
https://watermark.silverchair.com/1106.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaYwggGiBgkqhkiG9w0BBwagggGTMIIBjwIBADCCAYgGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMawWVAPsbu9rHkPYJAgEQgIIBWZncpmILL1p1TCkt61IRROUGT7nTOXaN_r_M5-u3dE66ujJX_RtaVjBe9GsgTUDKTgrDDH-Is7wtDtkkMRHy300sbADLkEZiMvoxNPOpCrgctttQ-CnTcaxcw-Z-hgfK9DXPV1W5PGfaQZVVBrSYB5DD8j4CZ774OvtHrL24UK2yMKTKFOa2FyYWB2lkk7lUeh7Xt7HZlCyLHYwAXBenq5mRPkoV4A1_EZBBCf0bP8laoCaklnVKlZ7oT0zj_omUaA6lBIxAX6MaGI8mMDFpWexjtxbyhfK6Rey_Tt80zikg3y2cKxTilDUFbAGXi_OBXgHKDh73lR0voBmQRY3nlLBMwu4T11uQNHUoWpSqWkzjXSXH0vTCiN8UekRDf2bEFGRJIGJ4371P_NxJeiq6x1xFDogh9sZnVTciipucG0AA-5HvKomGydCaL2eBKq7DQgv75xjbP6iZgQ
http://care.diabetesjournals.org/content/27/1/53
http://care.diabetesjournals.org/content/27/1/53
https://academic.oup.com/aje/article-abstract/131/1/20/90951?redirectedFrom=fulltext
https://academic.oup.com/aje/article-abstract/131/1/20/90951?redirectedFrom=fulltext
https://academic.oup.com/aje/article-abstract/131/1/20/90951?redirectedFrom=fulltext
https://academic.oup.com/aje/article-abstract/131/1/20/90951?redirectedFrom=fulltext
http://www.physiology.org/doi/10.1152/ajpendo.1996.270.1.E72
http://www.physiology.org/doi/10.1152/ajpendo.1996.270.1.E72
http://www.atherosclerosis-journal.com/article/0021-9150(89)90201-3/pdf
http://www.atherosclerosis-journal.com/article/0021-9150(89)90201-3/pdf
http://www.atherosclerosis-journal.com/article/0021-9150(89)90201-3/pdf
http://www.jlr.org/content/45/3/507.full
http://www.jlr.org/content/45/3/507.full
http://www.jlr.org/content/45/3/507.full
http://www.physiology.org/doi/abs/10.1152/jappl.1984.57.4.1024
http://www.physiology.org/doi/abs/10.1152/jappl.1984.57.4.1024
https://academic.oup.com/ajcn/article/72/1/82/4729424
https://academic.oup.com/ajcn/article/72/1/82/4729424
https://www.thieme-connect.de/DOI/DOI?10.1055/s-2007-1003287
https://www.thieme-connect.de/DOI/DOI?10.1055/s-2007-1003287
https://www.ncbi.nlm.nih.gov/pubmed/15531661
https://www.ncbi.nlm.nih.gov/pubmed/15531661
https://www.ncbi.nlm.nih.gov/pubmed/15531661
http://www.translationalres.com/article/S1931-5244(06)00339-2/fulltext
http://www.translationalres.com/article/S1931-5244(06)00339-2/fulltext
http://www.translationalres.com/article/S1931-5244(06)00339-2/fulltext
http://www.metabolismjournal.com/article/S0026-0495(02)00041-0/pdf
http://www.metabolismjournal.com/article/S0026-0495(02)00041-0/pdf
http://www.metabolismjournal.com/article/S0026-0495(02)00041-0/pdf
http://www.physiology.org/doi/10.1152/japplphysiol.01292.2007
http://www.physiology.org/doi/10.1152/japplphysiol.01292.2007
http://atvb.ahajournals.org/content/24/12/2326
http://atvb.ahajournals.org/content/24/12/2326
http://www.jlr.org/content/45/2/301
http://www.jlr.org/content/45/2/301

