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Abstract

Background: Metabolic acidosis is commonly associated with chronic kidney disease which causes
progressive loss of kidney function. The diminishing ability of the kidneys to maintain acid-base
homeostasis results in acid accumulation, leading to various complications such as impairment in
nutritional status, worsened uremic bone disease and an association with increased mortality. Recent
clinical trials have suggested that correction or prevention of metabolic acidosis by alkali
administration is able to attenuate kidney damage and to slow progression of chronic kidney disease
and improve nutritional status.

Methods: It was a prospective study. Out of a total of 66 CKD patients (eGFR < 60 ml/1min/1.73m,?
serum HCO,- 16-22 mmol/1); 33 were in treatment group and 33 in control group were included in the
study. Treatment group of the study was CKD patients who received sodium bicarbonate for 6 months
to correct acidosis. Control group for the study was CKD patients who did not receive any NaHCO,
supplementation; attending SSMC, Mitford Hospital for the same duration. Baseline renal function
and nutritional status parameters were similar in both groups. Rate of progression of CKD was
measured by calculation of eGFR (4 variable MDRD- equation) at the beginning of the study and then
after 3 and 6 months. Similar dietary advice was given to both groups. Purposive sampling was done.
The primary end point was denoted as rate of eGFR decline. Secondary end points were serum
albumin (<3.5gm/dl) and mid-arm circumference (<24 cm) and body mass index. Nutritional status
was determined by measuring mid-arm circumference, serum albumin and body mass index at the
starting of the study, after 3 and 6 months.

Resulis: Mean age (years) was 56 + 15 & 49 = 15;p=0.074 in treatment and control group
respectively. Mean haemoglobin concentration (gm/dl) was 9.8 + 1.5 and 9.6 + 0.9;p=0.477 in
treatment & control group respectively. At baseline mean BMI (kg/m?) was 21.3£5 and 23=4;p=0.138
in control and treatment group respectively. In the present study, mean systolic blood pressure was
129.6+£3.8 and 131.4+5.1;p= 0.184 in control and treatment group respectively at six months of study
period. . In the present study, mean diastolic blood pressure was 79.1=4.6 and 80.8+3.2; p= 0.202 in
control and treatment group respectively at six months of study period. Serum bicarbonate was raised
significantly in treatment group than control group at six months of study period (26.3 + 1.6 and 21.2
%+ 1.1; p<0.001). Serum potassium was reduced significantly in treatment group than control group at
six months of study period (4.5 + 0.6 and 5 + 0.5; p=0.001). Mid-arm circumference was increased
significantly in treatment group than control group at six months of study period (24.4 and 22.4 cmn;
p<0.001). Serum albumin (gm/dl) was increased significantly in treatment group than control group
at six months of study period (3.4 and 2.8;p<0.001). Body mass index was similar in treatment group
and control group at six months of study period (23.1 and 21.2; p=0.090). After six months eGFR
(ml/min/m?) was declined significantly in control group than treatment group (3,02 2.25 and 1.13=
2.31; p=0.001).

Conclusion: Oral sodium bicarbonate supplementation in patients with metabolic acidosis slows the
rate of decline of renal function in patients with advanced stages of CKD. This easily affordable and
simple strategy also improved the nutritional status of advanced stages of CKD patients with
metabolic acidosis.
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Introduction

In the 21% century chronic kidney disease (CKD) is
emerging as a global public health problem. About
5-10% of world populations are suffering from CKD.
Approximately 1.8 million people, worldwide, are
currently treated with renal replacement therapy (RRT),
which consists primarily of kidney transplantation and
dialysis. The vast majority of these patients cannot afford
renal replacement therapy on reaching ESRD. Hence the
secondary prevention of ESRD remains the primary
focus of the efforts of physicians involved in care of
CKD patients.

Hasan et al 2012 found that overall prevalence of CKD
among Bangladeshi population was 19% (Cock-Croft
Gault equation) and 19.5% (MDRD equation)
respectively.!

Metabolic acidosis is a common complication associated
with progressive loss of kidney function which
diminishes the ability of the kidneys to maintain
acid-base homeoslasis resulting  acid  accumulation,
leading to various complications such as impairment in
nutritional status, worsening uremic bone disease and an
association with increased mortality. In addition to these
adverse effects which are related to acid retention,
metabolic acidosis may also cause kidney damage,
possibly through the stimulation of adaptive mechanisms
aimed at maintaining acid-base homeostasis in the face
of decreasing kidney function. Recent clinical trials have
suggested that correction of metabolic acidosis by alkali
administration is able to attenuate kidney damage and
slow progression of CKD, and may hence offer an
effective, safe and affordable renoprotective strategy
(Kovesdy 2012).2 Metabolic acidosis is noted in the
majority of patients with chronic renal disease(CKD)
when glomerular filtration rate(GFR) decreases to less
than 20% to 25%of normal, although as many as 20% of
individuals can have acid-base parameters close to or
within the normal range. Acidosis is generally is mild to
moderate in degree, with plasma bicarbonate
concentrations ranges from 12-22 Meg/L{mmol/1), and it
is rare to see value less than 12mmolfl in the absence of
an increased acid load. Degree of acidosis is
approximately correlates severity of renal failure and
usually is more severe at lower GFR.

Metabolic acidosis can develop as a result of one or
more of the following patho-physiologic processes
(Goodman et al 1965): increased production of
nonvolatile acids, increased loss of bicarbonate and
decreased renal excretion of acid ?

As a result, CKD leads to retention of hydrogen ions. In
addition to the fall in ammonium excretion, diminished
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excretion of titratable acid (primarily as phosphoric acid)
also may play a role in the pathogenesis of metabolic
acidosis in patients with advanced kidney disease.

Chronic metabolic acidosis in patients with chronic
kidney disease (CKD) may produce a variety of
pathophysiologic changes: bone resorption and
osteopenia, increased muscle protein  catabolism,
aggravation of secondary hyperparathyroidism, and
exhaustion of body, endocrine disorders such as resistance
to growth hormone and insulin, and hypertriglyceridemia,
systemic inflammation and hypotension and malaise
(www.update.com/content/pathogenesis). 4

Another potential mechanism involves activation of the
renin-angiotensin system, which is important for urinary
acidification but which can also result in proteinuria,
renal damage, and progressive CKD (Ng et al 2011).5
Uremic acidosis can increase skeletal muscle breakdown
and diminish albumin synthesis, leading to muscle
wasting and muscle weakness (Williams et al 1991).6
The degree of muscle breakdown may be exacerbated by
institution of a low-protein diet, which is occasionally
used in an attempt to minimize progressive renal injury.
Materials and Methodology

It was a prospective study. This study was carried out
from July 2013 to June 2014 among CKD patients
attending to the department of nephrology of SSMC &
Mitford Hospital, Dhaka fulfilling selection criteria of
the study. Purposive sampling was adopted for collecting
data. A written consent was taken from each patients,

Treatment group of the study was CKD patients (eGFR
< 60 ml/1min/1.73m?) who received sodium bicarbonate
for 6 months to correct acidosis. Control group for the
study was CKD patients (eGFR < 60 ml/1min/ 1.73 m?)
who did not receive any NaHCO, supplementation;
attending for the same duration. Rale of progression of
CKD was measured by calculation of eGFR (using
MDRD equation) at the beginning of the study and then
after 3 and 6months. Patients of both groups had taken
protein 0.8-1gm/kg/day during the study period; fruits
were restricted and no added salt in their diets. Patients
of treatment group received NaHCO; (600 mg tablets 3
to 4 times a day,upto 2.4 gm maximum as needed)
during the study period to maintain HCO,->22 mmol/l
The primary end-point was decline in renal function by
assessing changes in eGFR from baseline to the end of
the study period. The secondary end-point was
measurements of changes in nutritional status
parameters. Nutritional status was determined by
changes in body mass index, mid-arm circumference and
serum albumin concentration.




The primary end point was denoted as rate of eGFR
decline, the proportion of patients with rapid decline of
eGFR (>3ml/min/1.73m?/year). Secondary end points
were serum  albumin  (<3.5gm/dl) and mid-arm
circumference(<24 cm) and body mass index. Nutritional
status  was determined by measuring mid-arm
circumference, serum albumin and body mass index at the
starting of the study and after 3 and 6 months. All the data
were checked and edited after collection. Then the data
were entered into computer and statistical analysis of the
result obtained by using windows based computer
software devise with Statistical Packages for Social
Sciences (SPSS.v-14.0; SPSS inc, Chicago, IL USA).

Results

Total 70 patients were enrolled in this study; but during
data collection 4 patients (2 in each group) were excluded
from the study because of their death. So in this study
total 66 patients (33 patients in treatment group and 33
patients in control group) were included. Mean age
(years) was 56 + 15 & 49 + 15 in treatment and control
group respectively. They were matched for haemoglobin,
BMI(kg/m2), MAC(cm), s.albumin (gm/dl) and systolic
and diastolic blood pressure. In the present study causes
of CKD were as follows: glomerulonephritis (37%),
diabetis  mellitus  (25%), hypertension  (10%),
undetermined cause (99%), obstructive uropathy (9%),
systemic lupus erythematosus (4%) and autosomal
dominant polycystic kidney disease (3%). In the present
study co-disease was as follows: hypertension (87%),
ischemic heart disease (109%) and cerebrovascular disease
(2%).

Table I: Baseline charactertics of study population.

Variables = _'_‘g"'T:"P" e P Value
1Age (Years) 1649 < 15 56415 0.074
Systolic BP 1294 13145 0.210
Diastolic BP 794 2043 0.353
BMI{kg/m?*) 215 2344 0.137
MAC(em) 23,7422 23.7=1.7 0.927
Tb%( gm/dl) 9£09 941 0.477
Serum albumin (gm/dl) 104 294049 0.666
Serum HCO3- 20.60.7 20.3£1 0.334
Serum K+ 4.8£0.5 4,7H).5 0.619
Serum Creatinine(mg/dl} 2.4+0.9 2.4H).75 0.975
eGFR{ml/min/1.73m?) 27£10 2549 0.290
Note: Hb% - haemoglobin%; BP-blood pressure,

BMI-body mass index; MAC-mid-arm circumference;
HCOy - bicarbonate; K*-potassium; eGFR - estimated
glomerular filtration rate.
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Table II: Serum HCO; - of the study subjects at
different time interval

Group
Time Contrelgrony | Trewmmipeey |F ValuE
(Mean=50) n=33| (Mean+50) 533
Baseline 20.6 £0.70 2034 1.06 | 0334
After 3 months. 213£1.1 244+13 0.001
After 6 months 21.2+1.1 263+ 1.6 0.001

Serum bicarbonate (HCO5™ ) of study subject at baseline
in treatment and control group was similar,

Serum HCO;" of study subjects increased in treatment
group al 3 months than control group (P<0.001) and also
al 6 months (P<0.001}).

Table ITII: Sernm K+ of the sindy subjects.

Time mlmgm::q:m P value
(=33 L]
Baseline 4.8+0.5 47+05 0.619
After 3 months 49+04 45+05 0.002
After 6 months 5.0£05 45+06 0.001

Al baseline serum potassium (K*) level was similar in
control and treatment group, After 3 and 6 months serum
K+ level was reduced significantly in the treatment group
than control group.

Table IV: Nutritional status at 0,3months in control
group (n=33)

Variables Baseline |After 3 months| P value
BMI ('Kgfmzl 21.3+£5.0 21.2+50 0.320
MAC (cm ) 23722 23.0+22 0.001
Salbumin (pm/dl) | 3.00 £ 0.4 28404 0.001

In control group body mass index (BMI) of study subject
of was similar at baseline and after 3 months.

In the same group mid- arm circumference (MAC) of
study population decreased after 3 months (P<0.001).

In the control group serum albumin (s.albumin) decreased
from baseline to 3 months (P<0.001).

Table V: Nutritional status at 0, 6 months in control
group (n=33)

Variables Baseline |After 6 months| P value
BMI (Kg/m?) 21350 21.2+5.1 0.145
MAC (cm) 237+£22 224+23 0.001
8. albumin (gm/dl) |  3.0£04 28+05 0.005




In control group body mass index (BMI) of study subject
was similar at baseline and after from 6 months (P=0.145)

In the above group mid-arm circumference (MAC) of
study population was higher at baseline than after 6
months (P<0.001).

In control group serum albumin (s.albumin) was higher at
baseline than after 6 months (P<0.005).

Table VI: Nutritional status at 0, 3 months in
treatment group (n=33)

Variables Baseline | After 3 months P value
BMI (Kg)‘mzl 2301404 23.03 £402 0.487
MAC (gm) 23.7x 1.7 24017 0.007
8. albumin (gm/dl) | 2.9 £ 0.4 31+04 0.001

In the treatment group body mass index ( BMI) of study
subject was similar at baseline and after 3 months
(P=0.487).

In the same group mid-arm circumference (MAC) of
study population was higher after 3 months than that of
baseline (P<0.007}. In the treatment group serum albumin
(s.albumin) was higher after 3 months than from baseline
(P<0.001).

Table VII: Nutritional status at 0, 6 months in
treatment group (n=33)

Variables Baseline | After 6 months P value
BMI (Kg/m?) 23.0 1= 4.04| 23.16+4.07 0.044
MAC (em) 23.7x1.7 24419 0.001
5. albumin (gm/dl) |2.9 = 0.4 34£04 0.001

In the treatment group body mass index (BMI) of study
subject of was higher after 6 months than baseline
(P=0.044).

In the same group mid-arm circumference (MAC) of
study population was raised after 6 months from baseline
(P<0.001).

In the treatment group serum albumin (s.albumin)
increased after 6 months (P<0.001).

1
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Fig 1: Body mass index (BMI) of the study subjects at
0,3,6 months

There was no difference of BMI between treatment group
and control group at 0, 3 and 6 months.
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Fig 2: Mid-arm circumference (MAC) of the study
subjects at 0,3,6 months.

In the above figure the values of MAC were similar at
baseline in two groups. Improvement of MAC in
treatment group than control group was significant at
3and 6 months.




|—-—Contrc-| group = Treatment group |

4 -
35 = 3.46

i 2,95 R

3 28

2.5 A

2
1.5

1 4
0.5 4

Q T T

Base line 3 months & months
(p=0.666) after(p=0.009)  after(p<0.001)

Fig 3: Serum albumin status of the study subjects at
0,3,6 months.

In the above figure baseline serum albumin was similar in
two groups; there was significant improvement of serum
albumin at 3 and 6 months in treatment group than the
control group.

Table VIII: Status of eGFR in control group at 0,3,6

months.

J. Dhaka National Med. Coll. Hos. 2017; 23 (02): 08-15
Table X: Changes in eGFR beiween control and

treatment group at 6 months.
Group
Variables Group 1 (Castral) | Group 1l ireatimag | | YaIUE
+ =33 | (Meam = 5D} wmE)
Change of eGFR at 302 2225 | 1.13+231 | o001
6 motiths

Changes in reduction of estimated glomerular filtration
rate (eGFR) was significantly low al 6 months in
treatment group than the control group.

|+Contr0l group = Treatment group |

29 -
28
27
26 -
25 4

24 -
23

22 r T 1
Base line 3 months & months
(p=0.290) After (p=0.412)  After (p=0.748)

Variables Baseline | Time interval | P value
After 3 months
cGFR mimin/1.73m2 | 27910 | 3.5 0.003
¢GFR ml‘min/1.73m2 279+10 After 6 tanths 0.001
249+89

Estimated glomerular filtration rate (eGFR) reduced at 3
and 6 months from baseline.

Table IX: Status of eGFR in treaiment group at 0,3,6

months.
Variables Baseline | Time interval | P vaue
¢GFR m/min/1.73m2 | 253499 zﬁff :;_T"ﬂ’s 0.061
¢GFR mimin/1.73m2 | 253499 2“3;’**‘51‘;’_"1““’3 0.008

Estimated glomerular filtration rate (eGFR) reduced at 6

months from baseline.

Fig 4: Estimated glomerular filtration rate ( eGFR)
status of the study subjects at 0,3,6 months.

In the above figure there was similar reduction of eGFR at
3 and 6 months in both treatment group and control group.
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Fig 5: Serum hicarbonate (HCO,-) of study subjects at
different time interval

At baseline serum HCO,™ was similar in treatment and
conirol group. There was significani improvement in
serum HCO;™ level at 3 and 6 months from baseline
between treatment and control group.




Table XI: Serum creatinine of the study subjects.

Time Group |m?nm:£pn Trreammeny| | value
& m=3% | [Mesn 2 5D} =13
Baseline 244+ 0.96 2454075 | 0975
After 3 months 251 £0.83 254079 | 0.881
After 6 months 2.67=0.99 257081 | 0.660

There was no difference in serum creatinine level
between treatment and control group at baseline and at 3
and 6 months interval.

Discussion

Metabolic acidosis is a common complication associated
with progressive loss of kidney function. In this
prospective  trial  oral  sodium  bicarbonate
supplementation was associated with positive effects in
both primary and secondary end points in patients with
CKD. Sodium bicarbonate supplementation slowed
decline of renal function in treatment group as assessed
by eGFR (ml/min/1.73m?) to 1.13 in treatment group
and 3.02 in in control group in six menths. This finding
is similar to the study of Mahajan et al 20107 which was
carried out for 5 yearsithe decline was 1.4 in the
treatment group versus 2.1 in placebo group, They used
oral NaHCO, supplementation of (.5mEq/kg. In another
study the rate of decline of Kidney function in sodium
bicarbonate treated group was similar to the normal
age-related decline (Bankhead 2009).% In the study of De
Brito-Ashurat et al 2009, that was conducted over two
years, eGFR reduced to 1.88 ml/min/1.73m? in treatment
group who received NaHCO; and 5.93ml/min in control
group without supplementation.® The present study had
shown a higher decline in eGFR in both control and
treatment group over & months period. Many factors
might influence it: poor nutritional status, poor
socio-economic condition and poor drug compliance,

Lim et al 1998 had revealed that acidotic milleu in CKD
was assoclated with muscle wasting and impaired
albumin synthesis; which was consistent with present
study where treatment group showed higher serum
albumin level following sodium  bicarbonate
supplementation than control.'? This has been shown in
other studies (Movilli et al 1998,1! Ballmer et al 1995).12
De Brito-Ashurit et al 2009 also found significantly
higher albumin levels in the treatment group than control
group at 12 and 24 months interval of study period. In
the present study decreased serum albumin level at
baseline was found in both case and control group which
also seen in study of Eustace et al 2004,13

Uremic acidosis can increase skeletal muscle breakdown
and diminished albumin synthesis, leading to muscle
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wasting and muscle weakness. The presenting study has
shown that mid-arm circumference was below cut-off
point for determination of chronic energy deficiency
(Chokraborty et al 2011).1* The mid-arm circumference
improved significantly in treatment group than the
control group after six months. A similar result was also
found in a previous study (De Brito Ashurst et al 2009).°
The decreased level of mid-arm circumference in control
group of presenting study could be explained by the
studies done earlier Bailey et al 199615 and Boirle et al
2000;'¢ but contrary to the study of Garibotto et al 1994
which concluded that change in protein synthesis and
degradation were well balanced and net proteolysis was
not augmented in patients with chronic renal failure.!7

There was higher increase in HCO;” in the treatment
group than the control group after six months in this
study; similar result was also found in a previous study
of Goraya et al 2013.18 In the present study serum K*
level was reduced significantly in treatment group than
control group. Possible reason could be due to correction
of acidosis resulted in influx of extracellur excess k™ to
intracellular and thereby reduction its serum level. In the
study of De Brito Ashurst et al 2009, a significant
reduction of serum potassium was also found in the
treatment group than the control group following
NaHCO, supplementation.?

Summary

The present prospective trial was conducted in the
department of nephrology, Sir Salimullah Medical
College and Mitford Hospital, Dhaka, during July 2013
to June 2014. The CKD patients
(eGFR<60/ml/min/1.73m?) were included in the study. A
total of 66 such subjects were included in the study and
were given sodium bicarbonate in treatment group
(n=33) but control group (n=33) did not receive any
sodium bicarbonate supplementation, There were no
significant difference in age, sex, serum bicarbonate,
blood pressure and nutritional parameters between
treatment and control group at the beginning of study.

There was significant increase in HCO;™ in the treatment
group than the control group (26.3+1.6 and 21.2+1,
mmol/L; p <0.001) after six months of study period.
Serum potassium levels decreased more (4.5 = 0.6 and
5.0 = 0.5, mmol/L; p<0.001) in treatment than control
group respectively after six months. In control group at
0, 3 and 6 months mid-arm circumference was and 23,7
+ 22 tw 23.0£22, (p<0.001), then 224 =
2.3,em,(p<0.001); serum albumin was 3.0 + 0.4 to2.8 +
0.4,(p< 0.001) then to 2.8 + 0.5,gm/dl,(p<0.005) and
estimated glomerular filtration rate was 27x10 to




2648,(p<0.003)

then to 24+8.9,ml/min/1.73m?2,

(p<0.001) respectively showing significant decrease. 4
But at 0, 3 and 6 months BMI was similar 21.3 + 50 to

212 = 50,

(p=0.320), then to 21.2 =% 5.1,

kg/m?,(p=0.145).

In treatment group at 0, 3, and 6 months there was 5
progressive increase of mid-arm circumference from
baseline 23.7+1.7 to 24.0£1.7, (p<0.007) then 24.4£1.9,
cm(p<0.001) and serum albumin 29 + 0.4 1o 3.1 + 0.4,
(p<0.001) then 3.4+0.4 gm/dl,(p<0.001) respectively.

But body mass index and estimated glomerular filtration 6.
rate was similar at 0 and 3 months 23.01 + 4.04 to 23.03

+ 4.02kg/m2,(p=0.487) and 253 + 99 to 243 + 93,
ml/min/1.73m?2, p=0.061) respectively. At six months
there was some decrease in estimated glomerular 7.
filtration rate (ml/min/1.73m?) from baseline 25.3 = 9.9

to 24.1 £ 10.1, (p< 0.008).

Estimated glomerular filtration rate (ml/min/1.73m?)
declined 3.02 and 1.13 in control and treatment group
respectively (p<0.001) after 6 months. There was no g,
significant difference in serum creatinine concentration
between control and treatment group after six months of

study period (2.6+.9 and 2.5+.8 mg/dl; p =0.660).

Conclusion & Recommendation

Supplementation of oral sodium bicarbonate had
increased serum bicarbonate level significantly and was
associated with slower deterioration of renal function

and improvement of nutritional status in the treatment

group than that of control group without sodium

bicarbonate, Oral

sodium bicarbonate should be

prescribed in CKD patients with low serum bicarbonate
level.

Further study should be conducted with long term follow

up period to see the sustained effect.

References

1.

Hasan MJ, Kashem MA, Rahman MH, Islam N,
Sharmeen A, Rahman M, Rahman M, Qudduhush R.
Prevalence of chronic kidney disease (CKD) and
identification of associated risk factors among rural
population by mass screening. Community Based
Medical Journal; 2012; 1(1):20-6.

Kovesdy CP. Pathogenesis,consequence and
treatment of metabolic acidosis.http://
www.update.com/content; 2013; Accessed on 8 April
2014.

. Goodman AD, Lemann J Lennon EJ and Relman

AS. Production, excretion, and net balance of fixed
acid in patients with renal acidosis. J Clin Invest,

14

10.

11.

13.

J. Dhaka National Med. Coll. Hos. 2017; 23 (02): 08-15
1965; 44:495-506.

Kovesdy CP. Metabolic acidosis and kidney disease:
does bicarbonate therapy slow the progression of
CKD? Nephrol Dial Transplant; 2012;
27(8):3056-62.

Ng HY,Chen HCTsai YC,Yang YK, Lee CT.
Activation of intrarenal rennin-angiotensin system
during metabolic acidosis. Am J Nephrol; 2011;
34(1):55-63.

Williams B, Hattersley J, Layward E, Walls J.
Metabolic acidosis and skeletal muscle
adaptation to low protein diets in chronic uremia.
Kidney Int; 1991; 40:779-86.

Mahajan A, Simoni J, Sheaher SJ, Broglio KR,
Rajab MH and Wesson DE. Daily oral sodium
bicarbonate preserves glomerular filtration rate by
slowing its decline in early hypertensive
nephropathy. Kidney Int; 2010; 78: 303 - 9.
Bankhed C, Bicarbonate slows Chronic Kidney

Disease. http:/fwww.medpagetoday.com/Nephrology
ESRD; 2009; accessed on Feb. 2014,

Brito-Ashurst I, Varagunam M, Raftery MJ, Yaqoob
MM. Bicarbonate supplementation slows
progression of CKD and improves mutritional
status. J Am Soc Nephrol; 2009, 20 (9): 2075-84.

Lim VS, Yarasheski KE, Flanigan MJ. The effect of
uraemia, acidosis, and dialysis treatment on protein
metabolism: a longitudinal leucine kinetic
study.Nephrol Dial Transplant. 1998,
13(7);1723-30.

Movilli E, Zani R,Carli O, Sangalli L,Pola
A,Camerini  C,Cancarini  GC,Scolari  FFeller
PMaiorca R. Correction of metabolic acidosis
increase serum albumin concentrations and decrease
kinetically  evaluated protein  intake in
haemodialysis patients: a prospective study. Nephrol
Dial Transplant. 1998; 14; 1719-22.

. Ballmer PE, McNurlan MA, Hulter HN, Anderson

SE, Garlick PI, Krapf R. Chronic metabolic
acidosis decreases albumin synthesis and induces
negative nitrogen balance in humans. J Clin Invest;
1995; 95(1):39.

Eustace JA, Astor B, Muntner PM, Tkizler TA,
Coresh J. Prevalence of acidosis and inflammation
and their association with low serum albumin in
chronic kidney disease. Kidney Int; 2004; 65 (3):
1031 - 40.




15.

16.

17.

18.

. Chakraborty R,Bose K, Bisai 5. Use of mid-upper

arm circumference determining under nutrition and
illness in rural adult, Oraon men of Gumla District,

Jharkand, India. Rural and remote health,
available:hitp:/f'www.rrh.org.au;  2011;  11:1754
(online).

Bailey JL, Wang X, England BK, Price SR, Ding X,
Mitch WE. The acidosis of chronic renal failure
activates muscle proteolysis in rats by augmenting
transcription of genes encoding proteins of the
ATP-dependent ubiquitin-proteasome pathway. J
Clin Inevest; 1996; 97 (6): 1447 — 52,

Boirie Y, Broyer M, Gangnadoux MF, Niaudet P,
Bresson JL. Alteration of protein metabolism by
metabolic acidosis in children with chronic renal
failure. Kidney Int; 2000: 58 (1): 236 - 41.

Garibotto G, Russo R, Sofia A, Sala MR, Robaudo C,
Moscatelli P, Deferrari G, Tizaanello A. Skeletal
muscle protein synthesis and degradation in patients
with chronic renal failure. Kidney Int; 1994; 45 (5):
1432 -39,

Goraya N, Wesson DE. Acid-base status and
progression of chronic kidney disease. Curr Opin
Nephrol Hypertens; 2012; 21 (5): 552-6.

15

J. Dhaka National Med. Coll. Hos. 2017; 23 (02): 08-15




