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Effect of Ramadan fasting on renal physiology

Abstract

Background: Total abstention from food and water from sunrise to sunset during
the month of Ramadan, is practiced by hundreds of millions of Muslims throughout
the world. This pattern of fasting during Ramadan is different from the usual fasting
as people are allowed to eat and drink between sunset and dawn but not after dawn.
According to Islam, sick people are exempted from Fasting, but still a significant
number of patients with various chronic diseases including chronic kidney diseases
(CKD) insist on fasting in Ramadan due to their personal beliefs and physicians are
facing this problem every year: What to advice their patients as there are no guidelines
or protocols about who can and who cannot fast.

Results

Normal individuals: Slight increase in serum uric acid, urea and creatinine, K
which are non significant in most of the studies. Slight decrease in urine output and
no changes in plasma or urine osmolality, serum Calcium and Phosphorous, PH and
serum bicarbonate were found.

CKD patients: Mainly tendency towards increase in serum creatinine.
Renal transplanted patients: No harmful effect due to fasting in most of patients.

Conclusion: In general no detrimental effects on healthy individuals and renal
transplanted patients have been directly attributed to fasting during Ramadan.
However caution is advised for CKD patients as they could be affected more by
changes creatinine especially if they are taking diuretics, Renin-angiotensin system
(RAAS) blockers or having cardiovascular diseases. The physicians should monitor
his patients carefully during Ramadan in order to avoid any deleterious effects.
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Introduction

All the world’s religions recommend a period of fasting, and of
these, one whole month of intermittent fasting every year is particular
to Islam. Muslims have two meals, one immediately after sunset
and the other just before dawn with a period of fasting ranging from
11-18hours. Therefore, we can assume that physiological changes
occurring during Ramadan would be different from those occurring
during other types of fasting.

According to Islam, sick people are exempted from fasting
especially people with chronic diseases as diabetics, hypertensive,
hepatic and renal patients, still a significant number of them insist
on observing this religious practice due to their personal beliefs and
satisfaction. In these cases, physicians face a dilemma as to how they
can offer clinical advice for their fasting patient. In this article, I am
doing a review on the findings of studies on the effect of fasting in
Ramadan on renal physiology trying to help both, physicians and
patients, to take the right decision. These studies were done on
healthy peoples, renal grafted patients with normal kidney function,
CKD patients and recurrent stone formers. They included males and
females from age of 22 till 80 in some studies.

Regulation of fluid volume

The 24 hour urine output during Ramadan tend to be lower than
that of the pre fasting level; however the decline is not significant (150-

200ml/day).! In a recent study using an isotopic tracer technique,* it
was demonstrated that total body water content was conserved during
Ramadan although daily water turnover was mildly reduced (or
compensated after fast breaking which is encouraged), due to a drop
in non-renal losses. In CKD patients and transplanted patients, slight
decrease in 24hours urine output was also observed.*¢

Regulation of electrolyte balance
Na

Observations about total Na excretion were contradictory; While
it remains normal in some studies,> others!” observed significant
decline of total Na excretion (about 20%) throughout the fasting
period due to decrease food (and consequently decrease electrolytes)
intake and this decrease was prolonged to the following month
compared to the month before Ramadan indicating that the kidneys of
the studied patients were responding well to the reduced fluid intake
during fasting.

The later finding was also found in CKD patients as urinary
Na decreased from 66mmol/l before fasting to 61.4mmol/l during
fasting® and in renal transplanted patients.® No change in serum Na
was observed in all the studies including those on CKD patients™* and
renal transplanted patients.®’

K

Conflicting results; either serum K remains normal*!° or
increased during fasting'' and this may be due to the common practice
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of drinking large volumes of fruit juices, eating dates and dried fruits
during when breaking fasting as well as reduced potassium excretion.!
The same conflicting results were found also in CKD patients and
renal transplanted patients: stable serum K before and after fasting,>*°
and tendency towards hyperkalemia was found in other study.®'

Miladipour et al.,’ showed that total excretion of calcium, phosphate
and magnesium during fasting were significantly lower than those of
the non-fasting in recurrent calcium calculus formers and non calculus
formers as well. This have been confirmed in other studies in CKD
patients, moreover, any renal changes are fully reversible after 10
days from the end of the fasting.'*!* No changes in serum calcium or
phosphorus were detected in normal or stone former individuals.>!!¢

Excretion of metabolites
Uric acid

Slight increase in serum uric acid*'*'"" in normal individuals. In
2 studies done on renal grafted patients with stable kidney function,
there was no significant change in serum uric acid during fasting®’
and increased in 1 study on CKD patients'” till 2weeks after end of
fasting. Uric acid super- saturation increased during fasting period in
both healthy individuals and stone formers®*'® but 24hours uric acid
excretion was not significantly different from non fasting peoples.

Urea

Usually increases: While this increase was no significant in some
of the studies,>!® others found significant increase up to 23%'?? due
to dehydration, increase protein intake during Ramadan or increase
protein catabolism, But serum Urea returns to the baseline by the
end of Ramadan.'”*?* Non significant increase of serum urea in
CKD patients™!” and in transplanted patients® and was reversible at
variable intervals after Ramadan.

Creatinine and kidney function

Only slight changes that are statistically non significant in most
of the studies done on normal individuals,>!*2¢ in few studies®’?* a
significant increase in serum creatinine up to 12% was found and was
reversible after the end of fasting.

Only few studies were done on CKD patients, one study’ shows
minimal improvement in e GFR during fasting in CKD 3,4 and 5
patients (from 29.6ml/minute to 30.9 and 32.7ml/minute during and
after fasting respectively), this was explained by several mechanisms:
First, the reduction in the blood pressure during fasting with a positive
effect on the kidney function in CKD patients, Second, weight loss
indicating reduction in the relative over hydration, with subsequent
improvement of cardiac function and better renal perfusion. Third,
dietary reduction of protein intake and exogenous creatinine intake.
Finally, modest directional changes in serum creatinine and weight
result in an increment in eGFR.

The other studies®!”* showed increase serum creatinine more in
CKD group compared with the normal group. The presence of pre-
existing cardiovascular diseases and use of RAAS Blockers and
diuretics were associated with risk of increase serum creatinine with
fasting. The class Of CKD per se was not a risk factor for the drop
of e GFR during fasting. Six cardiovascular events (2 acute coronary
syndromes, 2 acute exacerbations of chronic peripheral vascular
diseases requiring surgical interference , 1 case of acute heart failure
and 1 minor ischemic stroke) occurred in patients who experienced a
creatinine exceeded 30% compared with baseline values. Five of the
six patients with events also had pre-existing cardiovascular disease.”
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By the end of the month, serum creatinine in the fasting group
was higher than baseline in 29 patients (54.7%) but the magnitude of
deviation of eGFR from baseline was insignificant, P=0.5. Marked
elevations of serum creatinine exceeding 30%, were noted at the end
of the month in only seven instances (13.2%). Mean deviation from
baseline eGFR was —3% among fasting compared with —1.3% in non-
fasting patients, P=0.9. Three months after the end of Ramadan, serum
creatinine remained elevated in 12 of 52 (23%) patients in the fasting
group, not significantly different from control group 19/54 (35%),
P=0.17. One patient in the fasting group had to be put on temporary
dialysis and one patient in the control group was started on permanent
dialysis during the period of follow-up.

Regarding the studies done on renal transplanted patients;®*1230-35
the concentration of immunosuppressive drugs tends to remain stable,
and biochemical parameters do not change significantly. No organ
rejection or deterioration of kidney functions was observed up to 6
months post Ramadan.'? Only one author reported of adverse effects
due to cyclosporine toxicity, acute rejection episodes, and urinary
infections.** No kidney loss has been documented.

Plasma and urine osmolality

Fasting did not affect the plasma osmolality,"!* indicating that
the subjects were probably not subjected to severe water deprivation
due to the fact that food and water are available between sunset
and sunrise. Urinary osmolality was higher during Ramadan than
either before or after Ramadan (ranging from 849-1023mOsmol/
kg) indicating effective water conservation®® both by maximum
urinary concentration and a decreased obligatory urine output.'?*37-38
Plasma osmolality decreased in CKD patients from 451mOsmol/l
to 384mOsmol/l° and was maintained normal in renal transplanted
patients.®

Reabsorption of glucose and amino acids

Protein and glucose were not detected in the urine' suggesting
normal reabsorptive function during Ramadan. Proteinuria increased
in CKD patients from 1.7g/l to 4g/l during fasting then decreased
again to 1.6g/1 at the end of fasting but the reason was not clear.’ The
same results were found in renal transplanted patients.®

Acid-base balance

Cheah et al.,! showed a decline in total titratable acidity (partly
due to the decreased urine phosphate excretion) and an absence of
ketonuria suggesting that any adipose tissue breakdown that might
have occurred must have been relatively slow.* No changes in PH? or
serum bicarbonate were detected in normal individuals and in CKD?
and renal transplanted patients.®’ No evidence that changes in blood
pressure or Hemoglobin level observed during fasting were attributed
to the kidney.

Conclusion

In general no detrimental effects on health have been directly
attributed to fasting during Ramadan in normal individuals, only mild
reversible changes could occur. The differences in serum Na, K, Uric
acid, urea, and creatinine are most probably due to variations in type
of diet, climate, activity level and duration of fasting. These variables
may affect more CKD and renal transplanted patients especially
climate and duration of fasting (between sunrise and sunset) that varies
largely between seasons and continents. Most of the studies were done
in cold climate>®823034 except very few ones in hot climate,'>**° while
in the other studies this information was not available.
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Renal transplanted patients with stable kidney function did not
suffer from any deleterious effects while fasting except in 1 study
provided that the patients were able to take their immunosuppressive
drugs on time every 12hours. This leads us to duration of fasting that
must be less than 12hours which is not always the case. The mean
fasting duration is usually 12-14h, but depending on the place and
the year it can last also up to 18hours or even 22hours, in the extreme
latitudes. Studies involving CKD patients are very few with small
number of patients having different CKD stages, so the results may
be not generalizable. Randomized clinical trials with large number of
patients are particularly encouraged since there is a lack of evidence-
based guidelines and protocols which correctly address the issue of
the impact of the fasting on CKD patients and proper counsel and
advise them.

We could give some recommendations,based
on these studies, for CKD patients willing to
fast and their physicians

I. Stable kidney function, controlled blood pressure and blood sugar,
and absence of proteinuria before fasting are important elements
before giving the patient consent for fasting.

II. Patients with cardiovascular diseases,” CKD 4 and 5'7 are more
liable for complications.

III. Replace or stop diuretics and RAAS blockers.”

IV. Encourage drinking large quantity of water (1.5 to 2L), avoid high
potassium diet and high protein diet as well.*’

V. Regular (every 1-2weeks) evaluation of the patient clinically and
biologically, if more than 30% increase in serum creatinine, severe
hyperkalemia, uncontrolled blood pressure, signs of volume over-
load; patient should stop fasting.*

VI. Individualization of the advice given to the patients about Rama-
dan fasting is an important thing; 70years old CKD 2 patient with
uncontrolled diabetes may suffer from fasting while a 30years old
CKD3 patient with no cardiovascular risk factors may not (Table

).

Table | Summary of changes in renal physiology during fasting in Ramadan
in normal individuals, CKD patients and Renal Transplanted (RT) patients
NC, No Change

Normal . .
individuals CKD patients RT patients
24hrs urine ) . .
Slight decrease Slight decrease Slight decrease
output
Urinary Na NC/ Decrease NC/ Decrease NC/ Decrease
Serum Na NC NC NC
Serum K NC/ Increase NC/ Increase NC/ Increase
Urinary Ca NC NC NC
S. Uric acid Slight increase Mild increase .NC/ Slight
increase
S.Urea NC/ Mild increase  Mild increase Mild increase
S. Creatinine .NC/ slight Variable results NC
increase
Plasma ) NC decreased NC
osmolarity
proteinuria NC NC NC
HCO3 NC NC NC

Copyright:
©2014 Hendawy 10

Acknowledgements

None.

Conflict of interest

The author declares no conflict of interest.

References

1. Cheah SH, Ch’ng SL, Husain R, et al. Effects of fasting during Ramadan
on urinary excretion in Malaysian Muslims. Br J Nutr. 1990;63(2):329—
337.

58]

. Azizi F. Research in Islamic fasting and health. Ann Saudi Med.
2002;22(3-4):186-191.

w2

. Miladipour AH, Shakhssalim N, Parvin M, et al. Effect of Ramadan
fasting on urinary risk factors for calculus formation. /ran J Kidney Dis.
2012;6(1):33-38.

4. Leiper JB, Prastowo SM. Effect of fasting during Ramadan on water
turnover in men living in the tropics. J Physiol. 2000;528:43.

W

. Bernieh B, Al Hakim MR, Boobes Y, et al. Fasting Ramadan in chronic
kidney disease patients: clinical and biochemical effects. Saudi J Kidney
Dis Transpl. 2010;21(5):898-902.

(=)}

. Berniech BO, Mohamed AO, Wafa AM. Ramadan Fasting and Renal
Transplant Recipients: Clinical and Biochemical Effects. Saudi J Kidney
Dis Transpl. 1994;5(4):470-473.

~

. Husain R, Duncan MT, Cheah SH, et al. Effects of fasting in Ramadan on
tropical Asiatic Moslems. Br J Nutr. 1987;58(1):41-48.

oo

. El-Wakil HS, Desoky I, Lotfy N, et al. Fasting the month of Ramadan
by Muslims: could it be injurious to their kidneys? Saudi J Kidney Dis
Transpl. 2007;18(3):349-354.

Nl

.Boobes Y, Bernieh B, Al Hakim MR. Fasting Ramadan in Kidney
Transplant Patients is Safe. Saudi J Kidney Dis Transpl. 2009;20(2):198—
200.

10. Attarzadeh Hosseini SR, Sardar MA, Hejazi K, et al. The Effect of
Ramadan Fasting and Physical Activity on Body Composition, Serum
Osmolarity Levels and Some Parameters of Electrolytes in Females. Int
J Endocrinol Metab. 2013;11(2):88-94.

11. El-Hazmi MAF, Al-Faleh FZ, Al-MoflehFA. Effects of Ramadan fasting
and the values of hematological and biochemical parameters. Saudi Med
J. 1987;8:171-176.

12.Qurashi S, Tamimi A, Jaradat M, et al. Effect of fasting for Ramadan on
kidney graft function during the hottest month of the year (August) in
Riyadh, Saudi Arabia. Exp Clin Transplant. 2012;10(6):551-553.

13.Fink HA, Akornor JW, Garimella PS, et al. Diet, fluid, or supplements for
secondary prevention of nephrolithiasis: A systematic review and meta—
analysis of randomized trials. Eur Urol. 2009;56(1):72-80.

14. Al-Hadramy MS. Seasonal variations of urinary stone colic in Arabia. J
Pak Med Assoc. 1997;47(11):281-284.

15.Azizi F, Rasouli HA. Serum glucose, bilirubin, calcium, phosphorus,
protein and albumin concentrations during Ramadan. Med J Islamic Rep.
1987;1:38-41.

16.Scott TG. The effect of Muslim fast of Ramadanon routine laboratory
investigation. King Abdulaziz Med J. 1981;1:23-35.

17.Al Muhanna FA. Ramadan fasting and renal failure. Saudi Med J.
1998;19:319-321.

18.Zghal A, Fellah H, Zerelli L, et al. Variation of biochemical parameters
of the first morning urine during month of Ramadan. Tunis Med.
2005;83(10):591-594.

Citation: Hendawy A. Effect of Ramadan fasting on renal physiology. Urol Nephrol Open Access J. 2014;1(3):74-77. DOI: 10.15406/unoaj.2014.01.00017


http://doi.org/10.15406/unoaj.2014.01.00017
http://www.ncbi.nlm.nih.gov/pubmed/2334668
http://www.ncbi.nlm.nih.gov/pubmed/2334668
http://www.ncbi.nlm.nih.gov/pubmed/2334668
http://www.ncbi.nlm.nih.gov/pubmed/17159392
http://www.ncbi.nlm.nih.gov/pubmed/17159392
http://www.ncbi.nlm.nih.gov/pubmed/22218117
http://www.ncbi.nlm.nih.gov/pubmed/22218117
http://www.ncbi.nlm.nih.gov/pubmed/22218117
http://jp.physoc.org/content/528/supplement/43P.full.pdf
http://jp.physoc.org/content/528/supplement/43P.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20814128
http://www.ncbi.nlm.nih.gov/pubmed/20814128
http://www.ncbi.nlm.nih.gov/pubmed/20814128
http://www.ncbi.nlm.nih.gov/pubmed/18583773
http://www.ncbi.nlm.nih.gov/pubmed/18583773
http://www.ncbi.nlm.nih.gov/pubmed/18583773
http://www.ncbi.nlm.nih.gov/pubmed/3620437
http://www.ncbi.nlm.nih.gov/pubmed/3620437
http://www.ncbi.nlm.nih.gov/pubmed/17679744
http://www.ncbi.nlm.nih.gov/pubmed/17679744
http://www.ncbi.nlm.nih.gov/pubmed/17679744
http://www.ncbi.nlm.nih.gov/pubmed/19237803
http://www.ncbi.nlm.nih.gov/pubmed/19237803
http://www.ncbi.nlm.nih.gov/pubmed/19237803
http://www.ncbi.nlm.nih.gov/pubmed/23825979
http://www.ncbi.nlm.nih.gov/pubmed/23825979
http://www.ncbi.nlm.nih.gov/pubmed/23825979
http://www.ncbi.nlm.nih.gov/pubmed/23825979
http://www.ncbi.nlm.nih.gov/pubmed/22920156
http://www.ncbi.nlm.nih.gov/pubmed/22920156
http://www.ncbi.nlm.nih.gov/pubmed/22920156
http://www.ncbi.nlm.nih.gov/pubmed/19321253
http://www.ncbi.nlm.nih.gov/pubmed/19321253
http://www.ncbi.nlm.nih.gov/pubmed/19321253
http://www.ncbi.nlm.nih.gov/pubmed/9510632
http://www.ncbi.nlm.nih.gov/pubmed/9510632
http://mjiri.iums.ac.ir/files/site1/user_files_e9487e/admin-A-10-1-539-59f9b0e.pdf
http://mjiri.iums.ac.ir/files/site1/user_files_e9487e/admin-A-10-1-539-59f9b0e.pdf
http://mjiri.iums.ac.ir/files/site1/user_files_e9487e/admin-A-10-1-539-59f9b0e.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16370207
http://www.ncbi.nlm.nih.gov/pubmed/16370207
http://www.ncbi.nlm.nih.gov/pubmed/16370207

Effect of Ramadan fasting on renal physiology

19. Salahuddin M, Masood—ul-Hassan Javed. Effects of Ramadan Fasting
on Some Physiological and Biochemical Parameters in Healthy and
Hypertensive Subjects in Aurangabad District of Maharashtra, India.
Journal of fasting and health. 2014;2(1):7-13.

20.Degoutte F, Jouanel P, Begue RJ, et al. Food restriction, performance,
biochemical, psychological, and endocrine changes in judo athletes. Int J
Sports Med. 2006;27(1):9-18.

21.Nomani MZA. Dietary Fat, Blood cholesterol and Uric Acid Levels
during Ramadan Fasting. /nt J Ramadan Fasting Res. 2014;1(1):1-6.

22.Zebidi A, Rached S, Dhidah M, et al. The effect of Ramadan fasting on
various blood and urinary parameters. Tunis Med. 1990;68(5):367-372.

23.El-Gendy OA, Rokaya M, Hassan E, et al. Ramadan fasting improves
kidney functions and ameliorates oxidative stress in diabetic patients.
World J Med Sci. 2012;7(1):38-48.

24.Chamsi—Pasha H, Ahmed WA. The effect of fasting in Ramadan on
patients with heart disease. Saudi Med J. 2004;25(1):47-51.

2

i

.Leiper JB, Molla AM, Molla AM. Effects on health of fluid restriction
during fasting in Ramadan. Eur J Clin Nutr. 2003;57(suppl 2):30-38.

26.Sliman NA, Khatib FA. Effect of fasting Ramadanon body weight
and some blood constituents of healthy Muslims. Nutr Rep Intern.
1988;38:1299-1306.

27.Born M, Elmadfa I, Schmahl FW. Effects of periodical fluid and food
withdrawal. An inquiry conducted during the Lenten month Ramadan
on foreign workers (author’s transl). MMW Muench Med Wochenschr.
1979;121(47):1569-1572.

28.Saada A, Selselet attou G, Belkacemi L, et al. Effect of Ramadan fasting
on glucose, glycosylated hemoglobin, insulin, lipids and proteinous
concentrations in women with non—insulin dependent diabetes mellitus.
African Journal of Biotechnology. 2010;9(1):87-94.

29.NasrAllah MM, Osman NA. Fasting during the month of Ramadan
among patients with chronic kidney disease: renal and cardiovascular
outcomes. Clin Kidney J. 2014;7(4):348-353.

Copyright:
©2014 Hendawy 17

30.Ghalib M, Qureshi J, Tamim H, et al. Does repeated Ramadan
fasting adversely affect kidney function in renal transplant patients?
Transplantation. 2008;85(1):141-144.

31.Abdalla AH, Shaheen FA, Rassoul Z, et al. Effect of Ramadan fasting
on Moslem kidney transplant recipients. 4m J Nephrol. 1998;18(2):101—
104.

32. Al-Khader AA, Al-Sulaiman MH, Mousa DH, et al. Some of the lessons
learnt from renal transplant recipients cared—for at the Riyadh Armed
Forces Hospital. Saudi J Kidney Dis Transpl. 1996;7(2):139-144.

33.Argani H, Mozaffari S, Rahnama B, et al. Evaluation of biochemical
and immunologic changes in renal transplant recipients during Ramadan
fasting. Transplant Proc. 2003;35(7):2725-2726.

34.Said T, Nampoory MR, Haleem MA, et al. Ramadan fast in kidney
transplant recipients: A prospective comparative study. Transplant Proc.
2003;35(7):2614-2616.

35. Eknoyan, G, Lameire N, Barsoum R, et al. The burden of kidney disease:
improving global outcomes. Kidney Int. 2004;66(4):1310-1314.

36. Shirreffs SM. Markers of hydration status. European Journal of Clinical
Nutrition. 2003;57(Suppl 2):6-9.

37.Mustafa KY, Mahmoud NA, Gumaa KA, et al. The effects of fasting in
Ramadan. 2. Fluid and electrolyte balance. Br J Nutr. 1987;40(3):583—
589.

38.Azwany N, Aziz A, Mohammad W. The Impact of Ramadan fasting on
hydration status of type 2 diabetics in kubang kerian, Kelantan. UKM
Journal Article Repository. 2004;10:31-34.

39.Cohen JJ, Kassirer JP. Acid—base metabolism. In: Maxwell Morton H, et
al. editors. Clinical Disorders of Fluid and Electrolyte Metabolism. 3rd
ed. USA: McGraw-Hill Book Company; 1980. p. 181-232.

40.Bragazzi NL. Ramadan fasting and chronic kidney disease: A systematic
review. J Res Med Sci. 2014;19(7):665-676.

Citation: Hendawy A. Effect of Ramadan fasting on renal physiology. Urol Nephrol Open Access J. 2014;1(3):74-77. DOI: 10.15406/unoaj.2014.01.00017


http://doi.org/10.15406/unoaj.2014.01.00017
http://jfh.mums.ac.ir/article_2251_405.html
http://jfh.mums.ac.ir/article_2251_405.html
http://jfh.mums.ac.ir/article_2251_405.html
http://jfh.mums.ac.ir/article_2251_405.html
http://www.ncbi.nlm.nih.gov/pubmed/16388436
http://www.ncbi.nlm.nih.gov/pubmed/16388436
http://www.ncbi.nlm.nih.gov/pubmed/16388436
http://www.islamicity.com/articles/Articles.asp?ref=RR0210-1774
http://www.islamicity.com/articles/Articles.asp?ref=RR0210-1774
http://www.ncbi.nlm.nih.gov/pubmed/2389537
http://www.ncbi.nlm.nih.gov/pubmed/2389537
http://www.idosi.org/wjms/7%281%2912/8.pdf
http://www.idosi.org/wjms/7%281%2912/8.pdf
http://www.idosi.org/wjms/7%281%2912/8.pdf
http://www.ncbi.nlm.nih.gov/pubmed/14758379
http://www.ncbi.nlm.nih.gov/pubmed/14758379
http://www.ncbi.nlm.nih.gov/pubmed/14681711
http://www.ncbi.nlm.nih.gov/pubmed/14681711
http://www.ncbi.nlm.nih.gov/pubmed/118349
http://www.ncbi.nlm.nih.gov/pubmed/118349
http://www.ncbi.nlm.nih.gov/pubmed/118349
http://www.ncbi.nlm.nih.gov/pubmed/118349
http://www.ajol.info/index.php/ajb/article/viewFile/77772/68193
http://www.ajol.info/index.php/ajb/article/viewFile/77772/68193
http://www.ajol.info/index.php/ajb/article/viewFile/77772/68193
http://www.ajol.info/index.php/ajb/article/viewFile/77772/68193
http://www.ncbi.nlm.nih.gov/pubmed/25349694
http://www.ncbi.nlm.nih.gov/pubmed/25349694
http://www.ncbi.nlm.nih.gov/pubmed/25349694
http://www.ncbi.nlm.nih.gov/pubmed/18192924
http://www.ncbi.nlm.nih.gov/pubmed/18192924
http://www.ncbi.nlm.nih.gov/pubmed/18192924
http://www.ncbi.nlm.nih.gov/pubmed/9569950
http://www.ncbi.nlm.nih.gov/pubmed/9569950
http://www.ncbi.nlm.nih.gov/pubmed/9569950
http://www.ncbi.nlm.nih.gov/pubmed/18417928
http://www.ncbi.nlm.nih.gov/pubmed/18417928
http://www.ncbi.nlm.nih.gov/pubmed/18417928
http://www.ncbi.nlm.nih.gov/pubmed/14612093
http://www.ncbi.nlm.nih.gov/pubmed/14612093
http://www.ncbi.nlm.nih.gov/pubmed/14612093
http://www.ncbi.nlm.nih.gov/pubmed/14612040
http://www.ncbi.nlm.nih.gov/pubmed/14612040
http://www.ncbi.nlm.nih.gov/pubmed/14612040
http://www.ncbi.nlm.nih.gov/pubmed/15458424
http://www.ncbi.nlm.nih.gov/pubmed/15458424
http://www.ncbi.nlm.nih.gov/pubmed/14681707
http://www.ncbi.nlm.nih.gov/pubmed/14681707
http://www.ncbi.nlm.nih.gov/pubmed/718841
http://www.ncbi.nlm.nih.gov/pubmed/718841
http://www.ncbi.nlm.nih.gov/pubmed/718841
http://journalarticle.ukm.my/4436/
http://journalarticle.ukm.my/4436/
http://journalarticle.ukm.my/4436/
http://annals.org/article.aspx?articleid=693932
http://annals.org/article.aspx?articleid=693932
http://annals.org/article.aspx?articleid=693932
http://www.ncbi.nlm.nih.gov/pubmed/25364369/
http://www.ncbi.nlm.nih.gov/pubmed/25364369/

	Title
	Abstract
	Background
	Results
	Conclusion

	Keywords
	Abbreviations
	Introduction
	Regulation of fluid volume 
	Regulation of electrolyte balance 
	Na
	K

	Excretion of metabolites 
	Uric acid 
	Urea
	Creatinine and kidney function 

	Plasma and urine osmolality 
	Reabsorption of glucose and amino acids 
	Acid-base balance 
	Conclusion
	We could give some recommendations, based on these studies, for CKD patients willing to fast and the
	Acknowledgements
	Conflict of interest 
	References
	Table 1 

