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Abstract

Introduction

Introduction: Metabolic acidosis is a
common problem in dialysis patients and
plays an important role in the pathogenesis
of protein-energy malnutrition in these
patients. Objectives: To assess the prevalence
of metabolic acidosis in hemodialysis and
search their association with nutritional
status. Methods: A cross-sectional study
was performed in hemodialysis patients
at a single center. Nutritional status was
assessed by anthropometric, biochemical
and
multifrequency
bioelectrical
impedance analysis. Metabolic acidosis
was defined as serum bicarbonate (BIC) <
22 mEq/L and patients were divided into 3
groups according to BIC (< 15.15 to 21.9
and ≥ 22). The association between BIC
and continuous variables was investigated
using the Kruskal Wallis test. The linear
correlation between BIC and the variables
of the study was also tested. Results: We
studied 95 patients, 59% male, mean age
52.3 years. The prevalence of metabolic
acidosis was 94.7%. BMI, interdialytic
weight gain and PTH were significantly
different among the 3 groups of BIC.
The BIC was negatively correlated with
urea, phosphorus and interdialytic
weight gain. There was no significant
correlation with albumin, phase angle
and lean body mass index. Conclusion:
The prevalence of metabolic acidosis was
high in this population, and a lower BIC
correlated with higher levels of urea, PTH,
phosphorus, interdialytic weight gain and
lower BMI. The evaluation of acid-basic
status should be routinely implemented in
dialysis patients by considering the negative
effects of acidosis on the nutritional status,
inflammation and bone disease.

Chronic metabolic acidosis is a
frequent problem in CKD patients,
especially in more advancedstage patients. It has a variable
prevalence in dialysis patients 1,
being detected in a considerable
number of patients, despite good
dialysis adequacy ratio.2
Metabolic acidosis results in
nutritional changes due to an
increase in protein catabolism
and oxidation of branched-chain
amino acids, resulting in a negative
nitrogen
balance;1,3
reduction
in protein synthesis; systemic
inflammation and reduction of
leptin concentration.4
Other consequences of metabolic
acidosis involve the loss of bone
mass due to a release of calcium
phosphate from the bone into the
circulation, that helps in buffering
acidosis, but also results in deterioration of hyperphosphatemia; faster
progression of renal failure; multiple
endocrine disorders such as hyperglycemia, hyperinsulinemia, hyperglucagonemia, GH and catecholamines elevation; increased levels
of cytokines and B2-microglobulin;
hypertriglyceridemia; hypotension;
malaise and increased mortality.5
The protein-energy malnutrition
contributes to morbidity and
mortality in hemodialysis and it
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has a multifactorial pathophysiology, which
may result from the loss of nutrients during
dialysis, increased protein catabolism and
decreased protein synthesis; reduction of
caloric and protein intake, reduction in
peripheral insulin resistance that results in
acceleration of muscle atrophy and metabolic
acidosis.2
Studies with patients in dialysis in our
population assessing the prevalence of
metabolic acidosis, as well as its association
with nutritional status are scarce, thus
justifying this study.

Methods
The study population comprised patients with
chronic renal failure undergoing hemodialysis
in a single dialysis center in the city of
Fortaleza-CE.
The study protocol was approved by
the Ethics in Research Committee of the
UniChristus University Center, under number
071/2012.
The study has a cross-sectional design,
including patients over 18 years of age in
dialysis for more than 3 months, which could
be submitted to the direct measurement of
weight and height, had no contraindication
to performing multifrequency bioelectrical
impedance analysis, who had an arteriovenous
fistula as vascular access for dialysis and who
signed the consent form to participate in the
study.
Patients were submitted to blood collection
on the arterial side of the arteriovenous fistula in
the pre-dialysis period. The blood collected was
placed in an iced container and sent immediately
for analysis. Blood gas analysis is not routinely
performed in hemodialysis clinics. Metabolic
acidosis was defined as a serum bicarbonate <
22 mEq/l.
Nutritional status assessment was performed
using
anthropometric,
biochemical
and
bioelectrical impedance analysis.

The anthropometric index used was the
body mass index (BMI), calculated using
height and post-dialysis dry weight. Patients
with BMI < 23 kg/m2 were considered
malnourished. 6
The biochemical indicator of nutritional
status was evaluated by measuring pre-dialysis
serum albumin. The sample was collected
on the day of blood collection for monthly
assessment at the clinic, with the patient
fasting. Albumin dosage was performed by
the green bromocresol method. 7 Patients
with albumin < 4 g/dl were considered
malnourished. 6
Other laboratory variables collected in
monthly follow up at the clinic were recorded
to assess association with serum bicarbonate,
such as hemoglobin, urea, creatinine,
potassium, phosphorus and PTH.
Kt/V was obtained from the computer
software that uses the Daugirdas equation and
urea kinetics for calculations.8 Patients with
Kt/V below 1.2 had an inadequate dialyses.
The bioelectrical impedance analysis was
performed immediately before the start of
dialysis, using the BCM (Body Composition
Monitor) from Fresenius Medical Care. A
multifrequency electrical current (ranging
between 5 to 1000 kHz) was applied to the
patient through distal electrodes, and voltage
drop was detected in the proximal electrodes,
thus generating the impedance. The data
obtained was entered into the BCM software
from Fresenius Medical Care and indirectly
we calculated lean body mass, fat mass, body
cell mass and lean mass index (lean mass in kg
divided by height in squared meters). The phase
angle considered was the one recorded in the 50
Hz electric current. Patients with phase angle
below 5 degrees were considered malnourished,
according to Barbosa-Silva et al.9
Measurements of weight, height and
bioelectrical impedance were obtained from
the same assessment, and biochemical tests
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were collected in the same month of this
evaluation. The demographic characteristics
and data related to the dialysis treatment
(including the monthly average of interdialytic
weight gain) were obtained from the medical
records of the patients in the clinic.
Statistical analysis
Continuous variables were expressed as mean
± standard deviation and categorical variables as percentages.
The patients were divided into 3 groups
according to serum bicarbonate (BIC) levels
(< 15, 15 to 21.9 and ≥ 22mEq/L). The
association between BIC and continuous
variables was studied using the Kruskal
Wallis test. A p value < 0.05 was considered
statistically significant.
Statistical tests were performed to
assess the linear correlation between the
various parameters studied in the diagnosis
of nutritional status and the presence of
metabolic acidosis, measured by serum
bicarbonate. The Pearson test was used to
assess the linear correlation between the
variables studied. The data was recorded in
a 5.0 Microsoft Excel spreadsheet and then
transferred to SPSS version 20.0, in which the
statistical analysis was performed.

Results
The study population comprised 95 patients,
56 males (59%) with a mean age of 52.3
years (± 14.4). The primary renal disease
was indeterminate in 42.1% of the cases,
hypertensive renal disease in 16.8% and
diabetic nephropathy in 16.8%. The median
time on dialysis was 109.7 months. The
frequency of dialysis treatment was 3 times/
week in 85% of the cases, and the dialysis
bicarbonate solution was 38 mEq/L, and all
the patients were submitted to dialysis with a
high flow polysulphone capillary. The average
interdialytic weight gain was 3.82 kg (± 1.27).
The characteristics of the anthropometric,
laboratory and the BCM variables are depicted
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on Table 1 and the blood gas data is shown
on Table 2.
Table 1	Anthropometric, laboratorial and BIE 		
characteristics of the study population

Mean ± Standard Deviation
(SD)
Weight

63.14 ± 5.08 Kg

BMI

24.61 ± 4.82 Kg/m2

Urea

124.89 ± 32.80 mg/dl

Creatinine

10.35 ± 2.62 mg/dl

Phosphorus

4.90 ± 1.16 mg/dl

Albumin

3.96 ± 0.28 g/dl

Hemoglobin

12.54 ± 1.81 g/dl

PTH

593.47 ± 517.08 ng/ml

KTv

1.47 ± 0.28

Phase Angle

4.88 ± 0.98 degrees

Lean mass index

12.59 ± 3.03

BMI: Body Mass Index.

Table 2	Anthropometric, laboratorial and BIE 		
characteristics of the study population

Mean ± Standard Deviation
(SD)
pH

7.29 ± 0.06

HCO3

17.32 ± 2.35

CO2

18.42 ± 2.42

PCO2

36.05 ± 5.41

BE

-8.21 ± 2.89

EB: Excess Base.

The prevalence of metabolic acidosis according
to the BIC was 94.7%, and 10.5% of patients had
HCO3- less than 15 mEq/L and 84.2% between
15 and 21.9 mEq/L.
The prevalence of malnutrition according to
BMI, albumin and the phase angle was 38.9%,
44.2% and 56.8%, respectively.
The Linear correlation tests between serum
bicarbonate (BIC) and the study variables showed
a significant negative correlation with urea (r =
-0.344; p = 0.001), phosphorus (r = -0.297; p =
0.003) and interdialytic weight gain (r = -0.319; p
= 0.002) (Figure 1).
The patients were divided into 3 groups
according to BIC (< 15.15 to 21.9 and ≥ 22mEq/L).
The average values of the variables according to
the BIC group are depicted on Table 3.
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Figure 1. Linear correlation between serum bicarbonate and the
study variables.

BMI, interdialytic weight gain and PTH were
significantly different between the three BIC
groups (p = 0.026, 0.016 and 0.028 respectively).
There was a trend towards a significant difference
for creatinine (p = 0.05).

Discussion
The prevalence of metabolic acidosis in dialysis
in the literature has been widely variable. In this
study, the prevalence of metabolic acidosis in
dialysis patients was very high (94.7%), although
the bicarbonate concentration in the dialysis
solution was 38 mEq/L. In another Brazilian
study, Santos et al.2 also found a high prevalence
of metabolic acidosis (90%) in hemodialysis
patients with adequate Kt/V using the same
cut-off point (BIC < 22 mEq/L). In the study
by Lin et al.10 using a cutoff point of 21 mEq/L
for bicarbonate, 17% of the patients were predialysis acidotic. According to Kim & Han11 1/3
to 1/2 of hemodialysis patients had pre-dialysis
bicarbonate levels < 22 mEq/L with bicarbonate
concentration in the dialysis solution between
33-38 mEq/L. Wu et al.,12 evaluated 56,386
hemodialysis patients and found that 49% had
pre-dialysis bicarbonate < 22 mEq/L. Vashistha
et al.,13 studied 10,400 patients on hemodialysis,

and found that 40% were acidotic in pre-dialysis
(BIC < 22 mEq/L). According to the K/DOQI
(2002) guidelines,14 serum bicarbonate should be
measured once a month in hemodialysis patients
and their pre-dialysis levels should be maintained
equal to or higher than 22 mEq/L.
Metabolic acidosis has deleterious effects in
patients with chronic kidney disease such as renal
osteodystrophy, inflammation and compromised
nutritional status.15
The prevalence of malnutrition in hemodialysis
varies between 25 and 80%16,17 and is associated
with increased morbidity and mortality. Periodic
monitoring of nutritional status should be part
of the follow-up of patients on dialysis, being
fundamental to prevent, diagnose and treat
protein-calorie malnutrition. The identification
and early treatment of nutritional deficit
may reduce the risk of infections and other
complications, as well as the mortality of these
patients.18 Studies have indicated that a major
cause of malnutrition in these patients is systemic
acidosis.19,20
The effect of metabolic acidosis on the
nutritional status and survival of dialysis patients
is a controversial issue. Some studies show that
mild to moderate metabolic acidosis indicate a
higher intake of protein, improved nutritional
status and better survival.10,21,22 Other authors
believe that metabolic acidosis promotes,
through endogenous protein catabolism and
inflammation, the induction of protein-energy
malnutrition, leading to a worse outcome.20-27
Upon assessing hemodialysis patients,
Bommer et al.,28 found a strong association
between protein intake and acidosis.
Patients with about 15 mEq/L bicarbonate
concentrations, consuming diets with high
protein content, had an increase in protein
metabolism, and thus a greater acid load
produced. This was confirmed by the inverse
relationship
between
bicarbonate
and
the Protein Equivalent of Total Nitrogen
Appearance (TNA), an indirect measure of
protein catabolism and their intake, found in
the subjects studied.
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Table 3	Assessment of study variables according to serum bicarbonate group

Age (years)
Time in dialysis (months)

HCO3 < 15

HCO3 15-21.9

HCO3 ≥ 22

Mean (± SD)

Mean (± SD)

Mean (± SD)

50.4 (± 13.2)

52.73 (± 14.03)

49.20 (± 19.85)

0.927

203.34 (± 175.87)

159.29 (± 142.90)

91.08 (± 89.14)

0.312

Weight (kg)

56.50 (± 10.27)

64.53 (± 15.60)

54.20 (± 7.36)

0.098

BMI (kg/m2)

21.74 (± 2.81)

25.16 (± 4.95)

21.58 (± 2.52)

0.026

Interdialytic weight gain

4.93 (± 1.28)

3.73 (± 1.15)

3.05 (± 1.74)

0.016

140.00 (± 47.40)

121.43 (± 31.13)

101.00 (± 22.78)

0.127

Creatinine (mg/dL)

9.33 (± 2.81)

10.68 (± 2.52)

7.36 (± 3.22)

0.050

Albumin (g/dl)

3.81 (± 0.30)

3.98 (± 0.26)

4.10 (± 0.31)

0.135

Phosphorus (mg/dL)

5.10 (± 1.41)

4.81 (± 1.18)

4.32 (± 1.22)

0.544

583.41 (± 545.05)

621.91 (± 520.75)

158.58 (± 77.89)

0.028

1.63 (± 0.29)

1.43 (± 0.32)

1.46 (± 0.26)

0.275

Urea (mg/dL)

PTH (ng/ml)
Kt/V
Phase angle (degrees)

4.47 (± 1.05)

4.9 (± 0.97)

4.61 (± 1.07)

0.288

Lean mass index

11.35 (± 1.99)

12.67 (± 3.06)

14.10 (± 4.19)

0.344

BMI has low sensitivity in detecting
malnutrition in patients with chronic kidney
disease on hemodialysis due to fluid retention,
which is common in these patients. In an
attempt to minimize interpretation errors,
BMI is calculated from the dry weight. The
literature has described the BMI cut-off points
for malnutrition in CKD ranging from 18.5 to
25 kg/m2.16,17,29-32 Currently, it is recommended
that patients on HD must keep their BMI above
23 kg/m2,6,33 reinforcing the concept that BMI
in CKD must be above the levels recommended
by the World Health Organization,34 since these
patients are subject to greater risk of infectious
complications or periods of increased metabolic
demand, and that an additional energy reserve
can bring a positive impact on morbidity and
mortality.
However, the best assessment of body fluid
volume is made by bioimpedance.2 It is also
important to assess lean mass and fat mass indexes
obtained by bioelectrical impedance. Despite
the limitations of BMI, in this study we found a
significant difference in mean BMI between the
three bicarbonate group, with higher BMI values
in moderately acidotic patient and lower in those
very acidotic or BIC > 22 mEq/L. BMI correlated
negatively with bicarbonate in the study carried
out by Chauveau et al.(7123 patients)22 and Lin
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et al.(120 patients).10 It is possible that a high
protein intake resulting in a higher acid load may
have overcome the deleterious effects of acidosis
on protein catabolism. On the other hand,
Dumler et al.,35 evaluated 124 dialysis patients,
and detected no difference in BMI between
acidotic patients (BIC < 18) and those nonacidotic, as there was no significant correlation
between pre-dialysis BIC and BMI in the study
carried out by Wu et al.12
The concentration of serum albumin is one
of the most sensitive indices of malnutrition in
hemodialysis patients36,37 and there is evidence
that metabolic acidosis contributed to the low
level of serum albumin.20,25,38,39 Hypoalbuminemia
is a strong predictor of mortality in dialysis
patients.21 Two epidemiologic studies with large
numbers of patients found significant inverse
correlations between pre-dialysis bicarbonate
and serum albumin.22,40 Similarly, Lin et al.10
found that serum albumin tended to be greater
in acidotic hemodialysis patients. It is known
that higher intake of protein increases the
synthesis of albumin, while moderate chronic
metabolic acidosis may contribute to increase
hypoalbuminemia
by
increasing
protein
catabolism and decreasing albumin synthesis.3,4,38
Therefore, a higher protein intake may increase
albumin synthesis and this may compensate

Metabolic acidosis and nutritional status

for the reduction due to metabolic acidosis;10
however, we could not assess this in the present
study, since we did not know the amount of
protein ingested by the patient.
However, in a previous study with 47
patients, the authors found a direct correlation
between albumin and serum bicarbonate. A
bicarbonate concentration lower than 22 mEq/L
(seen in 17 patients) was correlated with a lower
concentration of serum albumin when compared
with patients with bicarbonate greater than 22
mEq/L.41 In this study, albumin values were lower
in the more acidotic patients, although there was
no statistically significant difference between the
3 BIC groups.
Urea is directly related to protein intake and/or
endogenous protein breakdown. In hemodialysis
patients, low serum urea levels are dependent on
residual kidney function and dialysis intensity
and, moreover, have a direct correlation with the
mortality rate.21
Chauveau et al.22 analyzed the pre-dialysis
plasma bicarbonate, correlating it with urea
and found a strong negative correlation between
these variables. Moran et al.42 also reported an
inversely proportional decrease in urea with
the increase in the plasma concentration of
bicarbonate in hemodialysis patients. Uribarri
et al.43 found a significant inverse relationship
between bicarbonate below 21 mEq/L and
higher levels of pre-dialysis creatinine and urea.
This negative correlation between urea and
serum bicarbonate was also found in this study
(r = 0.344; p = 0.001), although the correlation
with creatinine has shown only a trend towards
significance (lower creatinine values in the group
without metabolic acidosis).
Regarding phosphorus, Gao et al.44 found an
inverse association between serum bicarbonate
and phosphorus in 50 hemodialysis patients. Wu
et al.12 also found that serum phosphate showed
a significant inverse correlation with serum
bicarbonate, indicating that hyperphosphatemic
patients under maintenance dialysis tend to
have a lower level of serum bicarbonate. In this
study, phosphorus had a negative correlation

with bicarbonate. One hypothesis to explain
this inverse correlation between bicarbonate and
phosphorus would be a higher protein intake,
which can lead to hyperphosphatemia and
acidosis, but as a limitation of our study, we did
not evaluate the amount of protein ingested by
each patient, which makes it difficult to state this
hypothesis. In the DOPPS (Dialysis Outcomes
Study Practice Pattern) study, they reported this
same inverse correlation between bicarbonate
and phosphorus, believed to be due to a higher
intake of protein by patients.28
Our study found a negative correlation
between serum bicarbonate and interdialytic
weight gain, which may only translate that
patients who gained more weight were those who
also had higher protein intake and therefore had
a higher degree of metabolic acidosis, which can
not be confirmed by non-evaluation of protein
intake by dietary questionnaires in this study. In
a prospective US study,45 there was no significant
difference between groups for serum albumin
and interdialytic weight gain in patients with
or without daily replacement of oral sodium
bicarbonate. A criticism of this study was the
fact that the authors included patients who were
minimally acidotic and who had nearly normal
levels of albumin.
A rapid correction of metabolic acidosis
attenuates PTH circulating activity in CRF and can
emphasize the importance of maintaining normal
acid-base homeostasis, particularly in the presence
of secondary hyperparathyroidism.46 Metabolic
acidosis contributes to renal osteodystrophy and
together with hyperphosphatemia, hypocalcemia
and altered vitamin D metabolism, it may
result in elevated levels of PTH and metastatic
calcifications. However, the impact of metabolic
acidosis correction in PTH levels and calciumphosphorus metabolism is still controversial.
Movilli et al.47 showed that metabolic acidosis
correction in 12 hemodialysis patients with
secondary hyperparathyroidism was associated
with the reduction in PTH levels, possibly
by a direct effect on PTH secretion. Brady &
Hasbargen45 found no significant difference
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in PTH with metabolic acidosis correction in
36 patients on dialysis. On the other hand, in
the prospective evaluation of 48 patients for 4
months, the correction of metabolic acidosis was
associated with decreases in serum calcium and
higher PTH levels. This may be an undesirable
effect because it can worsen secondary
hyperparathyroidism.48 In the present study,
we found that PTH was significantly different
between the three groups, having the lowest BIC
correlated with the highest PTH values.
The body composition assessed by BCM, is
a valid tool in nutritional assessment, besides
estimating the hydration status. In the future, it
may turn out to be a gold standard in nutritional
assessment.49 In a previous study, the assessment
of nutritional status by BCM correlated well
with other clinical and laboratory measures of
nutrition and inflamation.50 In addition, the lean
body mass index of less than 10% of normal
was significantly associated with mortality in the
assessment of 748 patients on hemodialysis,51 as
well as smaller amounts of albumin and BMI.
In this study, the lean mass index had
significant correlation with creatinine (r = 0.276,
p = 0.006) and albumin (r = 0.264, p = 0.008),
but did not correlate with BMI and bicarbonate
(data not shown in the results). Although in the
most acidotic patients we found less lean body
mass indexes, this difference was not significant
from a statistical point of view. The association
between nutritional status assessed by the lean
body mass index and bicarbonate was not
evaluated in previous studies.
This study had some limitations, one being
the fact that the acid-base assessment was based
on only one monthly assessment of gases to
set the metabolic state of the patient. Protein
intake in food was also not evaluated, making
it impossible to assess the correlation between
protein intake, nutritional parameters and acidbase status. Other limitations were the small
sample size and the lack of nutritional assessment
through other anthropometric parameters, such
as measures of arm circumference and arm
muscle circumference; and the lack of assessment

464

J Bras Nefrol 2015;37(4):458-466

of post-dialysis metabolic acidosis status,
emphasizing the degree of acidosis correction
with dialysis.
However, advantages of this study are the fact
that there are few studies assessing the prevalence
of metabolic acidosis and its association with
nutritional parameters in our country. Blood gas
evaluation on monthly control is not a routine of
dialysis clinics in Brazil, since it involves a costly
examination not paid by the Public Healthcare
System and that is not a requirement of the
National Health Surveillance Agency through
Board Resolution - RDC 154, of June 25,
2004.52 establishing technical regulations for the
operation of dialysis services in Brazil.
The authors believe that the importance of
metabolic acidosis has been underestimated
in hemodialysis and suggested that periodic
monitoring of acid-base status should be
implemented regularly in dialysis patients, in
order to maintain a pre-dialysis bicarbonate >
22 mEq/L, even when this is necessary, besides
controlling protein intake of these patients,
the addition of bicarbonate in the interdialytic
interval. Recent studies have emphasized the
importance of bicarbonate in the mortality of
patients with chronic kidney disease.53,54 Better
understanding the interaction between metabolic
acidosis and nutritional status may modify
the behavior of these patients and may result
in improvements in morbidity and mortality
thereof.

Conclusions
The prevalence of metabolic acidosis was high
in the study population, and lower bicarbonate
correlated with higher values of urea, creatinine,
phosphorus, PTH, interdialytic weight gain and
lower BMI. There was no difference in the state of
metabolic acidosis according to patient age or time
on dialysis, and the prevalence of malnutrition
varied between 38.9 to 56.8%, according to the
appraised nutritional marker (BMI, albumin or
phase angle). Additional studies with other designs
are needed to better assess this prevalence and its
implications with hemodialysis malnutrition.
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