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population.1 MA reduces the sensitivity of the cal‑
cium receptor by lowering intracellular pH and 
thus stimulates the parathyroid glands to secrete 
parathyroid hormone. It was also observed that 
MA is associated with an increased risk of bone 
mass reduction in KTx recipients.8 Finally, it is 
well established that a decreased blood concen‑
tration of bicarbonate adversely affects skeletal 
muscle mass.9,10

Several observational studies have suggested 
that a reduced blood concentration of bicarbon‑
ate below 22 mmol/l is an independent risk fac‑
tor for CKD progression.11-14 Moreover, observa‑
tional studies in CKD patients reported that MA 
is associated with a higher risk of mortality.15,16 
Increased mortality was observed in patients with 

INTRODUCTION  Metabolic acidosis (MA) is 
a common consequence of chronic kidney dis‑
ease (CKD). There are limited data about the prev‑
alence of and pathogenic factors for MA in pa‑
tients after kidney transplantation (KTx).1 MA 
in CKD patients is mainly caused by insufficient 
production of bicarbonate (HCO3

–) in compari‑
son with endogenous acid production and intake.2

MA adversely affects the quality of life and 
contributes to numerous systemic disorders 
in patients with CKD. It has been shown that 
MA is involved in the pathogenesis of malnutri‑
tion–inflammation–atherosclerosis syndrome 
by increased protein catabolism.3-7 Furthermore, 
a number of studies have shown that MA im‑
pairs calcium–phosphate homeostasis in this 

ORIGINAL ARTICLE

Metabolic acidosis in kidney transplant 
recipients

Katarzyna Skiba1, Damian Gojowy1, Magdalena Szotowska1, Magdalena Bartmańska1, 
Aureliusz Kolonko1, Lech Cierpka2, Andrzej Więcek1, Marcin Adamczak1

1 � Department of Nephrology, Transplantation and Internal Medicine, Medical University of Silesia, Katowice, Poland
2 � Department of General, Vascular, and Transplant Surgery, Medical University of Silesia, Katowice, Poland

Correspondence to:
Prof. Marcin Adamczak, MD, 
PhD, Department of Nephrology, 
Transplantation and Internal Medicine, 
Medical University of Silesia,  
ul. Francuska 20-24, 40-027 Katowice,  
Poland, phone: + 48 32 259 14 51, 
email: madamczak1@op.pl
Received: June 29, 2018.
Revision accepted: August 31, 2018.
Published online:  
September 12, 2018.
Conflict of interest: none declared.
Pol Arch Intern Med. 2018; 
128 (10): 587-593
doi:10.20 452/pamw.4329
Copyright by Medycyna Praktyczna, 
Kraków 2018

KEY WORDS

chronic kidney 
disease, kidney 
transplantation, 
metabolic acidosis

ABSTRACT

INTRODUCTION  Metabolic acidosis (MA) may accelerate the progression of chronic kidney disease 
(CKD) and is an important risk factor for increased mortality in CKD patients. The clinical value of MA in 
kidney transplant (KTx) recipients has not been extensively studied so far.
OBJECTIVES  The aim of this clinical single‑center case‑control study was to assess the prevalence of 
MA in KTx recipients in comparison with CKD patients and to identify pathogenic factors for MA in KTx 
recipients.
PATIENTS AND METHODS  Venous blood concentrations of bicarbonate (HCO3

–) and blood hemoglobin 
concentrations were measured in 500 KTx recipients and 500 CKD patients matched for sex, age, and 
estimated glomerular filtration rate (eGFR). None of these patients received alkali treatment before 
the study. MA was diagnosed in KTx recipients with HCO3

– levels lower than 22 mmol/l.
RESULTS  The prevalence of MA was lower in KTx recipients than in CKD patients (12.0% vs 19.6%; 
P = 0.001). In both groups, the prevalence increased with progression of CKD stages (P <0.001 for 
trend) and was higher in patients with anemia. In a multivariable analysis, hemoglobin concentrations 
correlated independently with eGFR and HCO3

– in KTx recipients (β = 0.314, P <0.001 and β = 0.274, 
P <0.001, respectively). Similar correlations were observed in CKD patients (β = 0.273, P <0.001 and 
β = 0.123, P = 0.006, respectively).
CONCLUSIONS  Our study revealed that the prevalence of MA is lower in KTx recipients than in CKD 
patients. Moreover, in KTx recipients, blood bicarbonate concentrations are related to kidney function 
and blood hemoglobin concentrations.
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with a sensitivity threshold of 30 mg/dl. Blood 
hemoglobin concentrations were determined by 
fluorescence flow cytometry (Sysmex XT‑2000I, 
Sysmex Corporation, Kobe, Japan), while ane‑
mia was defined according to Kidney Disease Im‑
proving Global Outcomes guidelines: (hemoglo‑
bin <13 g/dl for men and hemoglobin <12 g/dl 
for women).27 The concentrations of immuno‑
supressive drugs, cyclosporine and tacrolimus, 
were measured in an accredited laboratory with 
an enzyme-linked immunosorbent assay. Blood 
samples were obtained before  administration of 
the subsequent dose of drug.

In KTx recipients, the immunosuppressive 
regimen, treatment with angiotensin‑converting 
enzyme inhibitors and angiotensin II receptor 
blockers, as well as the presence of diabetes were 
assessed. 

Statistical analysis was performed using Statis‑
tica 10.0 (StatSoft Inc, Tulsa, Oklahoma, United 
States). The Shapiro–Wilk test was used to assess 
the distribution of variables. Correlation coeffi‑
cients were calculated according to the Spearman 
analysis. Differences between groups were test‑
ed with nonparametric analysis of variance and 
Mann–Whitney tests. In addition, a multivariable 
regression analysis was performed. The results 
were presented as means with SD or 95% CIs. Dif‑
ferences between groups were considered signif‑
icant at a P‑value level of less than 0.05.

RESULTS  There were 298 men (59.6%) in each 
group. In KTx recipients, the mean (SD) time since 
KTx was 76.2 (51.9) months. Most common causes 
of kidney disease in CKD patients were chronic 
glomerulonephritis (37.6%), arterial hypertension 

blood concentrations of bicarbonate already be‑
low 23 mmol/l.16 The results of the above studies 
suggest that the target value of blood bicarbonate 
concentrations in patients with CKD should be 
higher than 22 to 23 mmol/l. The renoprotective 
properties of alkalizing agents such as NaHCO3, 
sodium citrate, and the so‑called alkaline diet, 
have been shown in many clinical studies in CKD 
patients.17-24 To our knowledge, there is only one 
study assessing the impact of MA on mortality 
and long‑term graft function in patients after 
KTx.25 Therefore, the aim of this study was to 
assess the prevalence of MA in KTx recipients 
in the late posttransplant period in comparison 
with CKD patients, and to analyze pathogenic 
factors related to MA in this population.

PATIENTS AND METHODS  The  study group 
included 500  randomly selected patients 
at least 12 months after KTx (KTx in the years 
1987–2010). The control group included 500 pa‑
tients with CKD, matched for sex, age, and esti‑
mated glomerular filtration rate (eGFR) calculat‑
ed with the abbreviated Modification of Diet in 
Renal Disease formula, which was validated in 
KTx recipients.26 None of the patients from ei‑
ther group received alkalizing agents. All patients 
were treated in an outpatient clinic.

In all patients, the HCO3– concentration in ve‑
nous blood was measured by the potentiomet‑
ric method, using a GEM 3500 Premier analyzer 
(Werfen, Barcelona, Spain). MA was diagnosed 
when the HCO3– concentration was lower than 
22 mmol/l.15,16 Diabetes mellitus was assessed 
on the basis of medical records. Proteinuria was 
detected using semiquantitative reagent strips 

TABLE 1  Characteristics of the study groups

CKD stage Characteristics

n (%) Sex, F/M, n Age, y EGFR, ml/min/1.73 m2 HCO3
–, mmol/l

KTx recipients

1 22 (4.4) 11/11 45.4 (39.33–51.47) 111.81 (98.52–125.11) 26.46 (25.21–27.71)

2 126 (25.2) 49/77 49.5 (47.28–51.72) 71.56 (70.13–72.99) 27.01 (26.58–27.43)

3a 127 (25.4) 43/84 48.8 (46.65–51.00) 52.81 (52.08–53.54) 26.09 (25.60–26.57)

3b 139 (27.8) 61/78 51.2 (49.24–53.10) 37.78 (37.07–38.50) 24.86 (24.37–25.35)

4 74 (14.8) 33/41 52.2 (49.55–54.76) 23.72 (22.81–24.63) 22.79 (21.91–23.68)

5 12 (2.4) 5/7 48.7 (43.81–53.52) 12.78 (11.74–13.81) 20.82 (17.97–23.67)

All stages 500 (100) 202/298 50.0 (48.9–51.0) 50.69 (48.66–52.71) 25.38 (25.09–25.67)

CKD patients

1 29 (5.8) 13/16 42.9 (38.1–47.6) 111.48 (103.40–119.57) 27.14 (25.77–28.51)

2 127 (25.4) 48/9 48.4 (46.0–50.7) 73.37 (71.82–74.93) 26.20 (25.72–26.69)

3a 127 (25.4) 47/80 50.0 (47.4–52.5) 51.81 (51.08–52.54) 25.53 (24.90–26.16)

3b 131 (26.2) 56/75 52.0 (49.5–54.4) 36.81 (36.01–37.61) 24.29 (23.71–24.88)

4 70 (14) 32/38 53.1 (50.2–56.0) 22.45 (21.48–23.41) 22.97 (21.95–23.99)

5 16 (3.2) 6/10 49.4 (43.4–55.4) 12.11 (11.06–13.15) 21.49 (19.06–23.92)

All stages 500 (100) 202/298 50.1 (48.9–51.3) 51.44 (49.26–53.61) 24.98 (24.66–25.31)

Data are presented as mean (95% CI) unless otherwise indicated.

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; F, female; HCO3
–, bicarbonate; 

KTx, kidney transplant; M, male
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differences in HCO3– levels between men and 
women in any of the groups.

MA occurred less frequently in KTx recipi‑
ents than in CKD patients (12.0% vs 19.6%, P 
= 0.001). In both groups, the incidence of MA 
increased with deteriorating kidney function 
(FIGURE 2). Additionally, positive correlations were 
found between eGFR and HCO3– (for CKD, R = 
0.443, P <0.001; for KTx recipients, R = 0.357, 
P <0.001). Of note, no significant correlations 
were found between age and HCO3– in any of 
the groups. There were also no significant dif‑
ferences in the prevalence of MA between men 
and women in any of the groups.

Anemia was diagnosed in 28.8% of KTx re‑
cipients and 41.4% of CKD patients (P <0.001). 
The hemoglobin concentration was significant‑
ly higher in KTx recipients than in CKD pa‑
tients (mean [95% CI], 13.4 g/dl [13.3–13.6] 
vs 12.8 g/dl [12.8–13.0], P <0.001). HCO3– and 
eGFR were lower in patients with concomitant 
anemia than in those without anemia both in 
KTx recipients (mean [95% CI], 23.57 mmol/l 

(29.4%), diabetes (4.8%), and systemic lupus er‑
ythematosus (3.6%). In 11.8% of the patients, 
the cause of CKD was unknown. The details of 
the study population are presented in TABLE 1. Im‑
munosuppressive agents and main comedications 
used in both groups are shown in TABLE 2.

In KTx recipients, the mean trough cyclospo‑
rine concentration in blood was 106.4 ng/ml 
(95% CI, 102.4–110.5) and the mean trough ta‑
crolimus concentration was 7.1 ng/ml (95% CI, 
6.8–7.4). The cyclosporine concentration was 
lower in patients with MA than in those with‑
out MA (95.4 ng/dl [95% CI, 86.9–103.8] vs 
108.1 ng/dl [95% CI, 103.6–112.6], respective‑
ly; P = 0.02). Patients with and without MA had 
similar tacrolimus concentrations.

There was a slight difference in the mean 
HCO3– levels between KTx recipients and CKD 
patients (25.38 mmol/l [95% CI, 25.09–25.67] vs 
24.98 mmol/l [95% CI, 24.66–25.31], P = 0.056). 
In both groups, there was a trend for decreas‑
ing HCO3– levels with progression of renal im‑
pairment (FIGURE 1). There were no significant 

TABLE 2  Immunosuppressive agents and comedications used in kidney transplant (KTx) recipients and patients with 
chronic kidney disease (CKD)

Drugs KTx recipients, n (%) CKD patients, n (%) P value

Cyclosporine 261 (52.2) 35 (7.0) <0.001

Tacrolimus 223 (44.6) 0 (0.0) <0.001

Mycophenolate mofetil or mycophenolate sodium 393 (78.6) 17 (3.4) <0.001

Azathioprine 28 (5.6) 0 (0.0) <0.001

Everolimus or sirolimus 23 (4.6) 0 (0.0) <0.001

Prednisone 235 (47.0) 181 (36.2) <0.001

Metformin 14 (2.8) 33 (6.6) <0.001

Erythropoiesis stimulating agents 26 (5.2) 14 (2.8) 0.05
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FIGURE 1�  Blood 
bicarbonate concentration 
at different stages of 
chronic kidney disease 
(CKD) in CKD patients 
and in kidney transplant 
(KTx) recipients. Blue 
boxes indicate means 
with 95% CIs. 
Abbreviations: ANOVA, 
analysis of variance
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KTx recipients treated and not treated with 
tacrolimus did not differ in HCO3– levels (mean  
[95% CI], 25.35  mmol/l [24.88–25.83] and 
25.40 mmol/l [25.04–25.76], respectively, P = 0.8) 
or the prevalence of MA (11.6% vs 12.3%, respec‑
tively, P = 0.8). Moreover, eGFR, HCO3– levels, 
and the prevalence of MA in KTx recipients treated 
with cyclosporine were similar to those observed 
for patients treated with tacrolimus. There were 
no significant correlations between blood HCO3– 
and trough levels of calcineurin inhibitors (cyclo‑
sporine or tacrolimus) in KTx recipients.

There were no significant differences in 
the prevalence of diabetes in KTx recipients treat‑
ed and not treated with prednisone. However, 
HCO3– level was higher in KTx recipients treat‑
ed with prednisone (mean [95% CI], 25.7 mmol/l 
[25.3–26.1] vs 25.1 mmol/l [24.7–25.5]; P = 0.03), 
while no differences were noted for eGFR or MA 
prevalence. Angiotensin‑converting enzyme in‑
hibitors or angiotensin II receptor blockers were 
administered in 163 KTx recipients (32.6%), 
but there were no differences in HCO3– levels 
or the prevalence of MA in patients treated and 
not treated with those drugs.

The multivariable analysis with the blood he‑
moglobin concentration as the dependent vari‑
able and eGFR and HCO3– as independent vari‑
ables showed that hemoglobin concentrations was 
correlated with eGFR and HCO3– in KTx recipi‑
ents (β = 0.314, P <0.001 and β = 0.274, respec‑
tively, P <0.001) and CKD patients (β = 0.273, P 
<0.001 and β = 0.123, respectively, P = 0.006).

DISCUSSION  Our paper presents the results 
from a single‑center cross‑sectional case‑control 
study including 500 KTx recipients at least 1 year 
after KTx and 500 patients with CKD matched 

[22.99–24.15] vs 26.11 mmol/l [25.80–26.42] 
for HCO3– and 37.71 ml/min/1.73m2 [34.89–
40.53] vs 55.94  ml/min/1.73m2  [53.54–
58.34] for eGFR) and patients with CKD 
(mean [95% CI], 24.22 mmol/l [23.68–24.76] 
vs 25.52  mmol/l [25.13–25.92] for HCO3– 
and 42.50  ml/min/1.73m2  [39.28–45.73] vs 
57.75 ml/min/1.73m2 [55.03–60.47] for eGFR) 
(P <0.001 for all comparisons). The prevalence of 
MA was higher in patients with anemia in both 
groups (KTx recipients, 25.0% vs 6.7%; CKD, 
27.1% vs 14.3%; P <0.001 for both). Significant 
correlations were found between blood hemoglo‑
bin and HCO3– concentrations both in KTx recip‑
ients and CKD patients (R = 0.387, P <0.001 and 
R = 0.196, P <0.001, respectively).

There were more subjects with proteinuria 
in the CKD group (65.6%) in comparison with 
the KTx group (23.8%) (P <0.001). Moreover, pro‑
teinuria was higher in CKD patients than in KTx 
recipients (mean [95% CI], 136.1 mg/dl [116.9–
155.2] and 22.3 mg/dl [12.3–28.3], respectively, 
P <0.001). Both eGFR and HCO3– () were lower 
in KTx recipients with proteinuria than in those 
without proteinuria (P <0.001 for both), while no 
significant differences were noted in CKD patients 
with or without proteinuria. Of note, MA was di‑
agnosed more frequently in subjects with protein‑
uria, both in KTx and CKD groups (P <0.001).

Diabetes was present in 23.4% of KTx recipi‑
ents and 22.4% of CKD patients (P = 0.7). There 
were no differences in eGFR, HCO3– levels, and 
the prevalence of MA between patients with and 
without diabetes in any of the groups. Of note, 
there was a higher prevalence of diabetes in KTx 
recipients treated with tacrolimus in comparison 
with patients not receiving tacrolimus (28.1% vs 
19.6%, P = 0.03).

FIGURE 2�  Prevalence 
of metabolic acidosis 
(MA) at different stages 
of chronic kidney disease 
(CKD) in CKD patients 
and in kidney transplant 
(KTx) recipients
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Further interventional studies are needed to elu‑
cidate this issue.

In the current study, we demonstrated that MA 
occurred more often in patients with proteinuria. 
This finding may be explained by the fact that 
eGFR was significantly lower in KTx recipients 
with proteinuria than in those without protein‑
uria. It is assumed that the greater the severity 
of graft dysfunction in KTx recipients with pro‑
teinuria, the lower the HCO3– levels and higher 
MA prevalence.

Previous studies have shown that the devel‑
opment of MA regardless of eGFR in patients 
with CKD depends on diabetes and younger age 
at disease onset (<65 years vs >65 years), among 
other factors.34 Long‑term diabetes is associated 
with hyporeninemic hypoaldosteronism, tubular 
acidosis, and acidosis related to hypermetabolic 
state.3 Surprisingly, in the present study, diabetes 
did not affect the increase in the incidence of MA. 
However, these observations are consistent with 
the results of Caravaca et al,39 who showed that 
patients with stage 5 CKD and diabetes have less 
severe MA than those without diabetes.

Patients with CKD were recruited from a tertia‑
ry nephrology outpatient clinic; therefore, the dis‑
tribution of the most common causes of CKD was 
different than that expected in the general CKD 
population (ie, diabetes only in 4.8% but glo‑
merulonephritis in 37.6% of patients). Due to 
high prevalence of glomerulonephritis, the num‑
ber of patients treated with steroids was closer 
to the number of KTx recipients. In KTx recipi‑
ents and CKD patients treated with prednisone, 
blood bicarbonate concentrations were signif‑
icantly higher than in those not receiving glu‑
cocorticoids. EGFR and the prevalence of MA 
were similar in both groups. It is assumed that 
the small increase in the bicarbonate concentra‑
tion might be caused by the hypokalemic effect 
of glucocorticoids.

Renal tubular acidosis (RTA), which has been 
observed in previous studies in 13% to 17% of KTx 
recipients in early stages of kidney disease, may 
contribute to low bicarbonate concentrations.40,41 
Due to the design of the current study, we were 
unable to to determine the frequency of RTA in 
our cohort. Calcineurin inhibitor nephrotoxici‑
ty, acute and chronic rejection of the transplant‑
ed kidney, and ischemic tubular injury are known 
risk factors for RTA.42,43 In the 1980s, Stahl et al44 
observed a dose‑dependent role of cyclosporine 
A in the pathogenesis of MA in patients after KTx. 
Mohebbi et al45 elucidated the mechanism of ac‑
tion of tacrolimus on protein transport in the kid‑
ney, which plays a key role in the regulation of 
acid‑base balance and causing MA. In one study, 
the decreased HCO3

– concentration was observed 
significantly more often in patients after KTx 
treated with cyclosporine and corticosteroids than 
with azathioprine.46 Another study reported that 
in patients in the late posttransplant period and 
with a eGFR exceeding 40 ml/min/1.73m2, the in‑
cidence of RTA was higher in patients treated with 

for age, sex, and eGFR. Considering the potential 
benefits of alkali therapy in patients after KTx, it 
is important to estimate the number of patients 
with MA and to identify its risk factors.

In our study, the prevalence of MA in KTx re‑
cipients was lower than in patients with CKD. 
As the study was descriptive, it was not possible 
to determine the causes of the lower prevalence 
of MA in KTx recipients than in patients with 
CKD. However, there are some possible explana‑
tions. Bicarbonate synthesis occurs in the tubu‑
lointerstitial compartment of the kidney. Kim et 
al,28 in an experimental study on mice, showed 
that renal denervation prevented interstitial in‑
flammation (neutrophil and macrophage infil‑
tration), reduced the number of myofibroblasts, 
and reduced the extent of interstitial fibrosis af‑
ter a unilateral ureteral obstruction procedure. 
In another study, Kim et al29 showed that renal 
denervation protected against the above abnor‑
malities in mice exposed to kidney injury due 
to ischemia and reperfusion. Unlike native kid‑
neys, transplanted kidneys are not innervated. 
Therefore, considering the results of the above 
studies,28,29 it can be speculated that tubuloin‑
terstitial damage is less pronounced in patients 
with transplanted noninnervated kidneys than 
in eGFR‑matched patients with CKD and inner‑
vated native kidneys. Another possible line of ev‑
idence suggesting that MA is more specific to in‑
terstitial damage than to glomerular dysfunction 
is the high prevalence of MA in child and adoles‑
cent patients with CKD, in whom interstitial dam‑
age is more frequent than in adults with a simi‑
lar eGFR.30 The observation that anemia due to 
insufficient erythropoietin synthesis by cells in 
the interstitium of the kidneys in KTx recipients 
is less frequent than in CKD patients also sup‑
ports this hypothesis.

In adults, metabolic complications, including 
MA, occur mostly in stages 4 and 5 of CKD.31,32 
Our results confirmed that the prevalence of MA 
in KTx recipients and CKD patients increases with 
the degree of kidney impairment, with the high‑
est prevalence in CKD stage 5 (58.3% of KTx re‑
cipients and 62.5% of CKD patients) (FIGURE 2).

Clinical studies have shown that posttrans‑
plant anemia is diagnosed in 30% to 40% of pa‑
tients.33-37 In the current study, the percentage 
of patients after KTx diagnosed with anemia was 
comparable and reached 28.8%. The Transplant 
European Survey on Anemia Management showed 
a strong association between blood hemoglo‑
bin concentrations and graft function impair‑
ment.34 In our study, MA was more frequent in 
patients with anemia both in KTx recipients and 
in patients with CKD. The multivariable analysis 
showed that in the posttransplant period the he‑
moglobin concentration was correlated with eGFR 
and HCO3–. Similary, Yorgin et al38 showed a sig‑
nificant relationship between MA and anemia in 
KTx recipients. Due to the cross‑sectional de‑
sign of our study, we were not able to establish 
if anemia was the cause or consequence of MA. 
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tacrolimus than with cyclosporine A.47 Consid‑
ering the above findings, it could be speculated 
that chronic immunosuppressive therapy result‑
ed in a higher prevalence of MA in KTx recipients 
than in patients with CKD. However, our results 
do not corroborate this hypothesis. In our study, 
most patients after KTx (96.8%) were treated with 
a calcineurin inhibitor. Therefore, the assessment 
of MA prevalence in untreated patients was im‑
possible. Nevertheless, we showed that eGFR, 
blood bicarbonate concentration, and the prev‑
alence of MA in KTx recipients did not depend 
on the type of calcineurin inhibitor. There were 
also no significant correlations between HCO3– 
levels and blood concentrations of immunosup‑
pressive agents in these patients.

Due to the risk of bleeding and local compli‑
cations associated with arterial puncture as well 
as the need to spare arteries for the future ac‑
cess for hemodialysis, the acid‑base balance pa‑
rameters were measured only in venous blood, 
and not arterial blood, which seems to be an im‑
portant limitation of the study. However, estima‑
tion of HCO3– only in venous blood seems to be 
sufficient for a clinically useful diagnosis of MA.

Finally, considering that KTx recipients are 
characterized by a higher prevalence of MA and 
that alkali treatment has a renoprotective effect 
in patients with CKD, it seems reasonable to con‑
duct further studies to clarify whether MA cor‑
rection affects renal function and severity of ane‑
mia also in KTx recipients.
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