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Introduction

As shown in animal and human studies of small

groups, there has been somewhat of a consensus about

the deleterious effect of metabolic acidosis, a common

condition in chronic kidney disease (CKD), by

engendering or worsening protein-energy mal-

nutrition, inflammation, and bone diseases leading to a

major role in increased mortality from short-term

metabolic studies in CKD patients before the initiation

of maintenance hemodialysis patients (MHP)
1-5)

.
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However, predialysis metabolic acidosis in the ma-

jority of epidemiologic studies in MHP have shown an

inverse correlation between a mild to moderate degree

of hypobicarbonatemia and improved nutritional mar-

kers and also better survival than severe hypobicar-

bonatemia or hyperbicarbonatemia
6-12)

. On the con-

trary, the most recent largest scale study of 56,385

MHP in all DaVita dialysis clinics across the United

States led to opposite effects of metabolic acidosis in

these MHP, depending on the analytical method
13)

. In

unadjusted data, the lowest mortality was associated

with predialysis hypobicarbonatemia ranging from 17 to

23 mEq/L and progressively higher all-cause and

cardiovascular mortality rates were associated with

predialysis HCO3 levels of equal to or more than 23

mEq/L; whereas, after case-mix and malnutrition-

inflammation complex syndrome (MICS) multivariate
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adjustment, this association was reversed, so that

serum bicarbonate values >22 mEq/L had lower death

risk
13)

. Therefore, it is an appropriate time to review

or revise how to define the adverse effects depending

on the degree of metabolic acidosis in MHP in addition

to its management, if necessary.

How do we measure the degree of

metabolic acidosis in MHP

Even though the systemic consequence of metabolic

acidosis arose from an increase in the total hydrogen ion

concentration (pH) in the arterial blood measured by

arterial blood gas analysis, it is not easily accessible for

MHP in routine clinical practice. Therefore, blood total

CO2 (or bicarbonate) levels of MHP are measured by an

autoanalyzer and used as the indicator of the degree of

metabolic acidosis. However, cautions are needed for the

interpretation of serum chemistry measurements

indicating metabolic acidosis due to spurious metabolic

acidosis by several factors such as underfilling of sample

tubes and shipping the blood samples for long distance by

air transport leading to the evanescence of carbon dioxi-

de before their measurements.

Prevalence of metabolic acidosis in MHP

Generally, the severity of metabolic acidosis has

shown an inverse correlation with the level of renal

function, ie., the degree of metabolic acidosis became

worse as renal function declines. Once maintenance

hemodialysis has been established and bicarbonate

stores have been repleted by delivery of bicarbonate,

predialysis hypobicarbonatemia, theoretically, would be

anticipated to return to normal values of 24 to 25

mEq/L. However, metabolic acidosis in MHP on con-

ventional bicarbonate concentrations ranging from 33

to 38 mEq/L is still common, with one third to one-

half of this population having predialysis serum

bicarbonate levels below 22 mEq/L
6)
.

Determinants of metabolic acidosis in MHP

The potential determinants of metabolic acidosis in

MHP, have suggested to be associated with 1) endo-

genous acid production related to breakdown of protein

intake and/or protein catabolic rate, 2) the administration

of alkali by dialysis depending on the dialysis surface

area and the transmembrane concentration gradient

between bicarbonate level of dialysate and the blood,

calcium containing or acid loading phosphate binders

(sevelamer), and oral supplemental alkali source, 3)

urinary acid excretion by residual renal function and loss

of bicarbonate by stool, and 4) dilution of serum

bicarbonate by interdialytic fluid gain. In a recent

multivariate analysis of these factors, metabolic acidosis

in MHP was associated more likely with increased

protein nitrogen appearance (odds ratio [OR] 1.6 per 0.2

g/kg/day, p=0.001) and less likely with increased

dialysis dose (OR 0.61 per 0.20 increase in Kt/V,

p<0.001) and with increased calcium carbonate use (OR

0.38 per 2 g/day, p= 0.003)
14)

. Therefore, the key

determinants of metabolic acidosis in MHP were

suggested as the amount of protein intake and/or its

catabolism, dialysis dose, and specific phosphate

binders, rather than the degree of the administration of

alkali by dialysis.

Impact of metabolic acidosis in MHD

1. Metabolic effects

Experimental studies with animal models and clinical

studies of humanswith CKD before maintenance dialysis

have shown that chronic metabolic acidosis has diverse

potential adverse effects, ie., muscle wasting by

increasing transcription gene of the ATP-dependent

ubiquitin proteosome system and the enzyme branched-

chain keto acid dehydrogenase (BCKAD) and reducing

albumin synthesis with protein malnutrition inflammation

complex syndrome, bone disease, impaired insulin

sensitivity, beta-2 microglobulin accumulation,



HJ Kim et al. : Metabolic Acidosis in Maintenance Hemodialysis Patients

exacerbation of renal failure, impaired thyroid meta-

bolism, stunted growth in children, cardiac disease with

depressed myocardial contractility (though not proven),

and increased inflammation
15)

. Many CKD patients have

progressive muscle wasting and malnutrition despite

adequate dialysis, and it is now recognized that one of the

major causes of malnutrition in CKD, particularly before

the initiation of dialysis, is systemic metabolic

acidosis
16)

. In fact, the analysis of the Third National

Health and Nutrition Examination Survey (NHANES III)

showed that low serum bicarbonate was associated with

hypoalbuminemia, explaining the high prevalence of

hypoalbuminemia in CKD before dialysis
17)

. Even in

MHP, the correction of metabolic acidosis improved

serum albumin levels of MHP
4)
. However, it remains

disputable whether the adverse nutritional effects and

poor clinical outcomes of metabolic acidosis in CKD

patients before initiation of hemodialysis can be

applicable equally to MHP.

2. Epidemiologic effects

As shown in Table 1, the deleterious effect of

metabolic acidosis on nutritional status has been noted

in some earlier studies for small population of MHP by

the studies of Ge et al and Movilli et al.
3, 4)

, whereas,

the vast majority of recent epidemiologic studies in

MHP have revealed a paradoxically inverse relationship

between nutritional parameters and metabolic acidosis.

In the analysis of the HEMO study, Uribarri et al

reported a significant inverse relationship between

serum HCO3 and normalized protein equivalent of

nitrogen appearance (nPNA) and showed that MHP with

serum HCO3 levels ( 21 mEq/L), compared to those≤
with serum HCO3 levels ( 25 mEq/L), had a higher≥
serum creatinine and urea level

6)
. Dumler et al reported

a higher serum albumin, creatinine, and nPNA in MHP

with metabolic acidosis
7)
. Gao et al, Lin et al, and three

epidemiologic studies with large sample sizes reported

by Leavey et al, Chauveau et al, and the recent report

by the Dialysis Outcomes and Practice Patterns Study

(DOPPS, n=7,140) investigators also found an inverse

association between serum HCO3 levels and nutritional

factors, ie., moderate predialysis acidosis in levels

between 19 and 22 mEq/L seemed to be associated with

better nutritional status and lower relative risk for

mortality or hospitalization than was observed in

patients with normal ranges of midweek predialysis

serum bicarbonate concentration of more than 24

mEq/L or severe acidosis less than 16 mEq/L
8-12)

. In

contradiction to most of the previous epidemiologic

studies, the most recent study of the largest sample

size by Wu et al. (n=56,835) showed significant asso-

Table 1. Epidemiologic Studies Showing the Inverse vs Direct Relationship between Metabolic Acidosis and
Nutritional Status in MHP

References
No. of

subjects
Key findings

Uribarri
6)

Dumler
7)

Gao
8)

Lin
11)

Leavey
9)

Chauveau
10)

Bommer
12)

Wu
13)

Ge
3)

Movilli
4)

23

124

50

120

3,891

7,123

7,140

56,385

75

81

Inverse association between tCO2 and nPNA

Inverse association beteen BMI and acidotic group

Inverse association between tCO2and SUN, P, and uric acid

Inverse association between acidemia and nutritional parameters

Inverse association between and tCO2 and albumin

Inverse association between bicarbonate and nPNA, albumin and BMI

Inverse association between bicarbonate and nutritional status and relative risk formortality&hospitalization

(DOPPS)

Inverse association between bicarbonate and mortality risk after case-mix and MICS multivariate adjusted

analysis

Direct association between severe metabolic acidosis and nutritional parameters

Direct association between bicarbonateand albumin level

MHP,maintenancehemodialysispatients; tCO2, total CO2; nPNA, normalizedproteinequivalent of nitrogenappearance; BMI, bodymass
index; SUN, serum urea nitrogen; P, phosphate; MICS, Malnutrition-inflammation complex syndrome
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ciations between hypobicarbonatemia less than 23

mEq/L and higher death risk after case-mix and MICS

multivariate adjustment
13)

. Therefore, this study

supports that MICS may be the substantial contributor

to the counteracting associations between serum

bicarbonate levels and mortality in MHD, which could

be described as cardiovascular risk-factor paradox or

reverse epidemiology in MHD as seen in other car-

diovascular risk factors. Given this on-going con-

troversy on epidemiologic studies, it still remains un-

resolved whether metabolic acidosis is truly harmful.

Optimal practice guideline for intervention of

metabolic acidosis in MHP

Based on the results of epidemiologic studies in con-

tradiction to the adverse metabolic effects of metabolic

acidosis and the lack of controlled studies examining

the impact of various levels of hypobicarbonatemia, the

complete normalization of blood bicarbonate levels in

MHP is generally not recommended globally. The

Kidney Disease Outcome Quality Initiatives (K/DOQI)

and the European guidelines recommend serum bicar-

bonate level at or more than 22 mEq/L, but not to

completely normal values.18, 19 Meanwhile, we admit

that there is no clear consensus on the level of blood

bicarbonate that should be targeted in MHP. Whatever

the method to deliver or supplement bicarbonate to aim

at normalization of serum bicarbonate levels is used, it

might be associated with certain complications such as

volume overload, exacerbation of hypertension, and

potential exacerbation of vascular or soft tissue

calcification.

Despite the conflicting results that have been

shown in several studies between the association of

predialysis acidosis and nutritional parameters such

as serum albumin, nPNA, and BMI and those changes

following the correction of predialysis metabolic

acidosis, it is generally accepted that higher protein

intake augments albumin synthesis; whereas, chronic

metabolic acidosis has been shown to decrease al-

bumin synthesis
16)

. Therefore, a higher protein intake

might increase albumin synthesis and this could

outweigh the reduction in albumin synthesis due to

metabolic acidosis. Furthermore, the subjective global

assessment (SGA) correlates better with the outcome

of renal failure patients than any other most sophi-

sticated methods of nutritional assessment
20)

. Similar-

ly, in MHP, the subjective reported appetite was not-

ed as a key indicator of general health and quality of

life (QoL) as well as a main contributor to nutritional

status and clinical outcome
21)

. Accordingly, the pro-

tein-intake of more than 1.2 g/kg/day and high-

calorie intake currently recommended by the National

Kidney Foundation- K/DOQI Guidelines may be

associated with benefits of survival through improved

nutritional status, even though it would lead to

moderate predialysis metabolic acidosis.

Conclusion

Though metabolic adverse effects by metabolic

acidosis has been well established in animals and

humans with CKD, particularly in short-term studies,

most of the epidemiologic studies in MHP revealed

inverse results showing that mild or moderate pre-

dialysis acidosis was associated with better nutri-

tional status and lower relative risk for mortality or

hospitalization, which could be similar to the reverse

epidemiology as in cardiovascular risk factors in MHP.

However, the MICS-adjusted associations between

hypobicarbonatemia and mortality revealed the op-

posite direction in the most recent study with the

largest sample size, which suggested that hypobicar-

bonatemia reflecting higher protein intake in MHP

resulted in more prolonged survival in MICS-un-

adjusted data. Therefore, the foremost approaches to

prevalent metabolic acidosis in MHD would be in-

creased attention to intervening MICS with the im-

provement of malnutrition with adequate food intake,

rather than the correction of serum bicarbonate levels,

itself, by dialysate and/or by bicarbonate supplements.
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Until a uniform guideline of predialysis bicarbonate

levels is available by more data to resolve our limited

understanding of metabolic acidosis in MHP, its target

level could be at or more than 22 mEq/L, but less than

24-25 mEq/L.
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