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The Relationship between Metabolic Acidosis and Nutritional Parameters

in Patients on Hemodialysis

Abstract

The progressive loss of kidney function is accompanied by metabolic acidosis. The relationship
between metabolic acidosis, nutritional status, and oral bicarbonate supplementation has not
been assessed in the Indian chronic kidney disease (CKD) population who are on maintenance
hemodialysis (MHD). This is a single-center prospective study conducted in the Western part of
India. Thirty-five patients, who were receiving MHD were assessed for metabolic acidosis along
with various nutritional parameters at the baseline and at the follow-up after 3 months, postcorrection
of acidosis with oral sodium bicarbonate supplements. The relationship between the correction
of metabolic acidosis with oral bicarbonate supplements and changes in dietary and various
nutritional parameters were evaluated. Metabolic acidosis at the baseline evaluation was found in
62.86% cases of the cohort with a mean serum bicarbonate value of 20.18 + 4.93 mmol/L. The
correction of acidosis with increment in the mean dosage of oral sodium bicarbonate supplements
from 0.69 + 0.410 mmol/kg/day at baseline to 1.04 + 0.612 mmol/kg/day, significantly reduced
the prevalence of metabolic acidosis to 23.33% cases at the follow-up. Improvement in serum
bicarbonate level showed significant dietary, anthropometric, and nutritional improvements in these
patients. Hence, we conclude that correction of metabolic acidosis with optimal oral bicarbonate
supplementation plays a pivotal role in the treatment of malnourished CKD patients on MHD.
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Introduction conservative management of CKD as well
as dialysis therapy.”®) Oral bicarbonate
supplementation is often required to correct
acidosis. The correction of metabolic
acidosis may have an impact on nutrition
as measured by albumin and other markers
of nutrition.”? The relationship between
correction of metabolic acidosis and
nutritional status, as well as the optimal
dosage of oral bicarbonate required to
maintain serum bicarbonate level within the
physiological range has not been studied
in the Indian CKD population who are on
maintenance HD (MHD).

In health, protein and amino acids remain in
equilibrium, however in the chronic kidney
disease (CKD) patients, this balance is
disturbed.!!! The progressive loss of kidney
function is accompanied by metabolic
acidosis because of the reduced capacity
of the kidney to synthesize ammonia and
excrete hydrogen ions.”” Metabolic acidosis,
if uncorrected, has been considered to have
further deleterious effects on bone health
and protein balance.’* It is known to cause
negative nitrogen balance, increased protein
degradation, increased essential aminoacid
oxidation, reduced albumin synthesis, and
low appetite.’>>! This eventually leads to
decreased protein intake, protein energy
malnutrition, loss of lean body mass,
and muscle weakness.”! Malnutrition is a
frequently (5-70%) encountered problem
in the hemodialysis (HD) patients.[) With
the advent of various clinical trials and
guidelines, it has been widely agreed
that the correction of metabolic acidosis
should be an important goal of both the

Methods

This is a single-center prospective study
conducted on 35 patients on MHD with
a follow-up of 3 months at Dr. D.Y. Patil
Medical College, Pune, in the Western
part of India. Patients, receiving
outpatient MHD for more than 1 month,
were included and those with any acute
illness were excluded. The Fresenius
machine (4008 B and 4008 S) with the
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standard dialysate bicarbonate concentration of 35 mmol/L
was used for HD. Each session was of 4 h with a blood
flow rate of 300400 ml/min and the dialysate flow rate of
500 ml/min. 29 out of 35 (82.9%) patients received twice
weekly dialysis. The prerecruitment MHD schedule was
kept unchanged during the entire study period.

After obtaining the written consent for their participation,
the data on demographics, HD schedule, and the
ongoing medications were noted. A detailed clinical and
anthropometric examination including the height, weight,
body mass index (BMI), waist hip ratio (WHR), mid arm
circumference (MAC), triceps skin fold thickness (TSFT),
and mid arm muscle thickness (MAMT) was carried
out along with the laboratory investigations including
hemogram, venous blood gas (VBG), urea, creatinine,
serum electrolytes, serum total protein, and albumin at the
baseline and at the follow-up after 3 months. The dietary
assessment was done for consecutive 7 days with the
diet diary at the baseline and at the follow-up. Metabolic
acidosis and malnutrition in these patients were defined as a
mid-week predialysis serum bicarbonate level <22 mmol/L
and a BMI of <20 kg/m? in accordance with the Kidney
Disease Improving Global Outcomes (KDIGO) 2012017
and the EBPG (2007)!" guidelines, respectively. The oral
sodium bicarbonate dosage was increased in those patients
whose baseline serum bicarbonate level was <22 mmol/L.
The correlation between the change in oral sodium
bicarbonate supplementation and the change in serum
bicarbonate level, albumin level, and dietary parameters
was assessed using the Pearson’s correlation coefficient
equation.

Results

As shown in Table 1, the baseline demographic data, the
mean age of the study population was 47.54 + 13.71 years.
Twenty seven out of 35 (77.1%) cases were male and
the rest were female, with a male:female ratio of 3.3.
The mean duration of MHD was 18 + 16.68 months.
Chronic tubulo-interstitial disease in 13 out of 35 (37.1%)
cases followed by diabetic nephropathy in 9 (25.7%)
cases were among the most common causes of CKD
in this cohort. Twenty nine out of 35 (82.9%) were on
twice a week dialysis schedule, four (11.4%) cases were
on once a week, and two (5.7%) cases were on thrice
a week dialysis schedule. The study population had a
mean pre- and post-HD serum creatinine of 8.21 + 2.79
and 3.90 + 2.14 mg%, respectively, whereas the mean
pre- and post-HD blood urea was 101.94 + 27.04 and
37.23 + 18.50 mg%, respectively, at the baseline. The mean
calculated urea reduction ratio (URR) and estimated Kt/V
was 62.85 + 15.74 and 1.17 £ 0.40, respectively, as shown
in Table 1.

A total of 5 out of 35 patients were considered as dropouts,
since three (8.6%) patients died and two (5.7%) patients
were lost to follow-up during the study period. Table 2 shows
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Table 1: Baseline demographic data of the cohort

Parameter Number of cases (%) Mean (SD)
Age (years) 35 (100) 47.54 (13.71)
Gender: Male, 27(77.1), 8 (22.9)
female
Cause of CKD -
ADPKD 4(11.4)
Diabetic 9(25.7)
nephropathy
CTID 13 (37.1)
Other 2(5.7)
Unknown 7 (20)
Dialysis schedule -
(week)
1 4(11.4)
2 29 (82.9)
3 2(5.7)
Access for HD -
Arteriovenous 29 (82.9)
fistula
Permanent HD 6(17.1)
catheter
Blood pressure
(mm of Hg)
Systolic 35 (100) 151.20(18.981)
Diastolic 35 (100) 87.60 (11.870)
URR 35 (100) 62.85 (15.74)
Kt/V 35 (100) 1.17 (0.40)

SD: Standard deviation, CKD: Chronic kidney disease,
ADPKD: Adult polycystic kidney disease, CITD: Chronic
tubulo-interstitial disease, URR: Urea reduction ratio,
HD: Hemodialysis

Table 2: Comparison of parameters to assess metabolic
acidosis at baseline and at 3" month (n=30)

Parameters to assess At baseline At 3" month P
metabolic acidosis mean (SD) mean (SD)
Serum
pH 7.32 (0.08) 7.40 (0.09) <0.001
HCO, (mmol/L) 20.18 (4.93) 24.62 (3.51) <0.0001
Dosage of oral sodium
bicarbonate
g/day 2.77(1.609) 4.22 (2.423) <0.0001
mmol/kg/day 0.69(0.410) 1.04 (0.612)  <0.0001
n (%) of patients with 22 (62.86) 7 (23.33)

acidosis
SD: Standard deviation

the comparative parameters for the assessment of metabolic
acidosis in this cohort, wherein the mean value of serum
pH and HCO, at the baseline evaluation was 7.32 + 0.08
and 20.18 + 4.93 mmol/L, respectively. Metabolic acidosis
in accordance with KDIGO, 2012,!'" was found in 22 out
of 35 (62.86%) patients in this cohort. The increments in
the dosage of oral sodium bicarbonate supplements from
0.69 £ 0.410 to 1.04 = 0.612 mmol/kg/day significantly
reduced the prevalence of metabolic acidosis at the follow
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up, which was noted in only 7 out of 30 (23.33%) cases
versus 22 of 35 (62.86%) cases at baseline.

As shown in the nutritional assessment [Table 3],
significant dietary improvements were noted in the daily
mean calorie intake which increased from 20.68 + 6.49
to 21.06 = 6.47 kcal/kg/day (P < 0.005) whereas the
daily mean protein intake increased from 0.37 + 0.13
to 041 + 0.13 g/kg/day (P < 0.005). Furthermore,
improvements were also noted in BMI from 18.81 = 2.98
at baseline to 19.12 + 2.96 kg/m?> (P < 0.001) at the
follow-up.

Figure la-d show the co-relationship between changes
in biochemical and dietary parameters. There was a
moderate positive correlation noted between the change
in oral bicarbonate supplementation and the rise in serum
bicarbonate level (» = 0.56, P < 0.001). The change in
dietary protein intake has a moderate positive correlation
with the change in serum albumin levels (» = 0.41,
P <0.03).

Discussion

Although the effects of metabolic acidosis on the human
physiology were studied as early as in 1966 by Lemann
et al." it was only in the mid-1980s that the detailed

studies on metabolic acidosis in CKD patients gained
momentum. Shortly thereafter in 1993, Oettinger and

Table 3: Comparison of nutritional parameters at
baseline and at 3" month (#=30)

Nutritional parameters Mean (SD) P
At baseline At
3 month
Dietary intake
Calorie (kcal/kg/day) 20.68(6.49) 21.06(6.47) <0.005
Protein (g/kg/day) 0.37 (0.13)  0.41(0.13) <0.005
Anthropometric parameters
Weight (kg) 49.37(9.45) 50.17(9.56) <0.0001
BMI (kg/m?) 18.81(2.98) 19.12(2.96) <0.001
WHR 0.94 (0.09) 0.94(0.08) >0.05
MAC (cm) 22.57(4.75) 23.90(3.79) <0.01
TSFT (cm) 1.08 (0.38) 0.88(0.31) <0.05
MAMT (cm) 25.57(5.15) 26.27(4.33) >0.05
Laboratory parameters (g%)
Hemoglobin 8.70 (2.24) 8.58(1.57)  >0.05
Serum protein 6.86 (0.58) 6.82(1.07) >0.05
Serum albumin 3.87(0.45) 4.17(0.36) <0.0001

SD: Standard deviation, BMI: Body mass index, WHR: Waist
hip ratio, MAC: Mid arm circumference, TSFT: Triceps skin fold
thickness, MAMT: Mid arm muscle thickness
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Figure 1: (a) Scatter diagram showing change in dose of oral bicarbonate versus change in serum bicarbonate. (b) Scatter diagram showing change in
serum bicarbonate versus change in calorie intake. (c) Scatter diagram showing change in calorie Intake versus change in protein intake. (d) Scatter
diagram showing change in dietary protein intake versus change in serum albumin level
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Oliver’ noted that metabolic acidosis is common in
patients with CKD because of the inability of the kidneys
to excrete the nonvolatile acid load. Among the many goals
of dialysis, the role in the correction of uremic acidosis
was recognized. It was noted that despite adequate hours of
HD, metabolic acidosis remains common and is reported in
up to 75% of patients.

Out of 35 study subjects at the baseline evaluation, metabolic
acidosis was found in 22 (62.86%) cases, in accordance
with the KDIGO, 2012, guidelines. As shown in Table 2,
the mean value of serum HCO, being 20.18 + 4.93 mmol/L.
We also noted that these patients were already receiving
2.77 £ 1.609 g/day, equivalent to 0.69 + 0.410 mmol/kg/day,
of oral sodium bicarbonate supplementation prior to their
recruitment in this study. This signifies the prevalence of
metabolic acidosis in this cohort. In the baseline dietary
assessment, as shown in Table 3, the daily mean calorie
and protein intake was 20.68 + 6.49 kcal/kg/day and
0.37 = 0.13 g/kg/day, respectively. This cohort had a mean
calculated URR and estimated Kt/V of 62.85 + 15.74 and
1.17 + 0.40, respectively.

We tried to assess the possible reasons for low levels of
serum bicarbonate in these patients. It could either be due
to inadequate dialysis, poor nutrition, and/or inadequate
oral bicarbonate supplementation. With the reference to
EBPG (2007),l'] the patients from our center had a very
low calorie and protein intake. Low-serum bicarbonate
level in the presence of low protein intake indicates
either inadequate dialysis or inadequate dose of oral
sodium bicarbonate supplementation. Due to the financial
constraints, low socioeconomic status, lack of education,
and nonavailability of MHD center near the residence
along with logistic problems, very few people in the Indian
population receive adequate hours of HD, that is, 12 h/week
or 4 h x 3 sessions of HD/week. At our center, most of the
patients received 4 h x 2 sessions of HD/week as shown
in Table 1. Hence, we continued the same (prerecruitment)
schedule of HD of all the patients during this study, but
changed the dosage of oral sodium bicarbonate on an
individual basis.

After 3 months of modified dosage of oral sodium
bicarbonate supplementation, we found that the levels of
serum bicarbonate were significantly improved. The mean
dose of oral sodium bicarbonate supplements as shown
in Table 2, at baseline 0.69 + 0.410, was increased to
1.04 = 0.612 mmol/kg/day. These modifications significantly
reduced the prevalence as well as severity of metabolic
acidosis in the study population, metabolic acidosis was
found only in 7 out of 30 (23.33%) cases at the follow-up
as against 22 of 35 (62.86%) cases at baseline. The VBG
revealed a significant improvement in the mean pH and mean
bicarbonate from 7.32 + 0.08 to 7.40 = 0.09 (P < 0.001)
and 20.18 £ 4.93 to 24.62 £ 3.51 mmol/L (P < 0.0001),
respectively. Hence, we conclude that the adequate dosage
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of oral sodium bicarbonate supplementation improves serum
bicarbonate level.

The dietary protein and calorie intake in this cohort
at follow-up showed a statistically significant
improvement. As shown in Table 3, the daily mean
calorie intake increased from baseline 20.68 + 6.49 to
21.06 £ 6.47 kcal/kg/day (P < 0.005) at follow up, and
the daily mean protein intake increased from 0.37 = 0.13
to 041 + 0.13 g/kg/day (P < 0.005), respectively.
Further, there was a statistically significant improvement
in the mean dry weight from 4937 + 945 Kg at
baseline to 50.17 + 9.56 kg (P < 0.0001) at 3" month.
The BMI also improved from 18.81 + 2.98 kg/m? at
baseline to 19.12 + 2.96 kg/m? at 3* month (P < 0.001).
Similarly, significant improvement was also noted in
the anthropometric parameters such as mean MAC,
which increased from 22.57 + 4.75 cm at baseline to
23.90 = 3.79 cm at follow-up (P < 0.01). The mean TSFT
decreased from 1.08 + 0.38 to 0.88 £ 0.31 cm (P < 0.05).
The changes in the mean WHR from 0.94 + 0.09 to
0.94 £ 0.08 (P > 0.05) and MAMT from 25.57 £ 5.15 cm
to 26.27 £ 433 cm (P > 0.05) were not statistically
significant.

The laboratory assessment at the follow-up after 3 months
showed significant improvement in the serum albumin
level, which is a marker of nutritional status in accordance
with the EBPG,' as well as the KDIGO, 2012,
guidelines. As shown in Table 3, though the mean serum
total protein did not show any statistically significant
improvement, the mean serum albumin significantly
improved from the baseline value of 3.87 + 0.45 to
4.17 £ 0.36 g% (P < 0.0001) at the follow-up.

We further tried to assess and correlate the change in serum
bicarbonate levels with the change in oral bicarbonate
supplementation to determine the optimal dosage required to
increase the serum bicarbonate levels near the physiological
range. As shown in Figure la, we found that there was a
moderate positive correlation between the change in the
dosage of oral sodium bicarbonate and the rise in serum
bicarbonate level (» = 0.56, P < 0.001). We also noted that
increments in serum bicarbonate levels improved dietary
calorie intake with a moderate positive correlation between
the two (r = 0.37, P < 0.04), and that the change in dietary
calorie intake correlated with the change in dietary protein
intake, which again was significant statistically (» = 0.48,
P < 0.008) as shown in Figure 1b and c. Furthermore,
the change in dietary protein intake showed a statistically
significant positive correlation with the change in serum
albumin levels (» = 0.41, P < 0.03), as shown in Figure 1d.
Thus, increasing the dosage of oral sodium bicarbonate
supplementation not only improved metabolic acidosis, but
also the nutrition of this cohort.

The present study is comparable to the study conducted by
Movilli et al.,'¥ since both are prospective cohort studies
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undertaken on chronic stable HD patients with the aim to
study the role of oral sodium bicarbonate supplementation
in MHD population. Movilli et @l had concluded that
correction of metabolic acidosis in HD patients improved
serum albumin levels and further that in the presence of
moderate to severe acidosis, nPCR does not reflect the real
dietary protein intake of these patients, probably due to
increased catabolism of endogenous proteins. The findings
of the present study match the findings of the previous
study in terms of improvement in serum bicarbonate and
serum albumin levels, even though there were variations
in the methodologies of the two studies. In their study,
they had defined metabolic acidosis as serum bicarbonate
values <20 mmol/L and also had studied the role of nPCR.
The differences were also noted in the schedule of HD,
which was three times a week for all the patients in the
previous study, whereas in the present study, most of
the patients were on twice a week schedule, barring the
exception of two cases on thrice weekly and four cases on
once weekly MHD. In spite of these differences, the results
and conclusions of both the studies are similar showing
significant improvements in serum bicarbonate and albumin
levels after treatment with adequate dosage of oral sodium
bicarbonate supplementation.

Soleymanian and Ghods!' in Iran studied the deleterious
effects of metabolic acidosis on nutrition of 47 anuric
HD patients. They noted a statistically significant direct
correlation between serum albumin and BMI. In the present
study, we could not establish such a correlation between
serum albumin and BMI. However, a significant positive
correlation was noted between the change in bicarbonate
dose and the calorie and protein intake. Increased protein
intake was found to have a statistically significant positive
correlation (» = 0.41, P < 0.03) with serum albumin levels.

In both these studies, the patients received more
dialysis than our study population. This highlights the
importance of optimal oral bicarbonate supplementation
in the inadequately dialyzed and poorly nourished Indian
HD patients. With a 52.3% increase in the mean oral
bicarbonate dose, the percentage of patients with metabolic
acidosis reduced from 62% to 22%. This dose was
4.22 g/day (19.3 mmol/day, 1.04 mmol/kg/day).

Conclusion

Therefore, we conclude that there is a significant
prevalence of metabolic acidosis and malnutrition in the
Indian patients of CKD on MHD. Optimal dosage of oral
bicarbonate supplementation is of paramount importance
in correcting metabolic acidosis in the HD patients. Most
probably, the dose of 1 mmol/kg/day of oral bicarbonate
would keep almost 78% patients free from metabolic
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acidosis. The improvement in metabolic acidosis is also
associated with improvement in nutrition and the clinical
and biochemical markers of nutrition.
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