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Abstract 

Background: Down syndrome (DS) is associated with various congenital diseases and 
malformations, including those of the kidneys and urinary tract. It has been thought that renal 
tubular acidosis (RTA) is more frequent in this population. The objective of this study was to assess 
the frequency of RTA and, secondarily, of other renal and urological disorders in persons with DS.

Method: An observational, ambispective, descriptive and cross-sectional study of patients 
diagnosed with RTA, or suspected kidney or urological disorders, was carried out from July 2016 
to September 2017 at the Down syndrome clinic of the Mexican National Institute of Paediatrics. 
Urinalysis was performed, along with analyses of venous blood gas, sodium, potassium, chlorine, 
calcium, phosphorus, albumin and creatinine. Those with any abnormal values were referred to 
nephrology for diagnostic evaluation.

Results: Of a total of 700 patients seen at the clinic, 47 met the selection criteria. Of these, 
32 had no RTA or other renal or urological alterations. The remaining 15 continued to the second 
phase of the study, where 6 were diagnosed with nephropathy or uropathy (RTA, systemic 
arterial hypertension, monosymptomatic familial haematuria, mild renal failure secondary to 
refl ux nephropathy, urinary tract infection or right ureteropelvic stenosis). Four had mild metabolic 
acidosis without meeting the criteria for diagnosis of RTA.

Conclusion: RTA is not more common in children with Down syndrome. Nephropathies and 
uropathies should be investigated in the evaluation of DS patients.
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Background
Down syndrome (DS) is the most common 

chromosomopathy in humans, with a frequency of 1 in 700 
live new-borns [1]. The clinical manifestations are highly 
variable and have well-established frequencies. The most 
prevalent and distinctive alterations are intellectual disability 
and short stature [2]. Growth arrest can be associated with 
different congenital diseases and malformations, including 
heart disease and gastrointestinal, endocrinological and 
kidney or urinary tract problems. The latter are present 
in 3.2% of people with DS, as compared with 0.7% of the 
general population [3], and among them, tubulopathies 
present growth arrest as the main symptom. The growth of 
children with DS, from the prenatal stage through adulthood, 

differs markedly from that of the rest of the population [4]. It 
should be evaluated using weight and height charts speciϐic 
to the condition.

At the Down syndrome clinic of the Mexican National 
Institute of Paediatrics, of approximately 700 patients with 
this condition seen from July 2016 to September 2017, 
47 (6.7%) were diagnosed with suspected renal tubular 
acidosis (RTA) due to growth arrest in the absence of a well-
established organic cause. The objective of this study was to 
investigate the real frequency of RTA and other renal and 
urinary disorders in this group of children.

Methods
An observational, ambispective, descriptive and cross-
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sectional study was carried out from July 2016 to September 
2017 in patients diagnosed with RTA, or suspected renal 
or urological disorders, at the Down syndrome clinic of the 
Mexican National Institute of Paediatrics, which is a Level III 
hospital in Mexico City. Participants were patients under 18 
years of age with a previous diagnosis or suspicion of RTA 
or any other renal or urological alteration, according to their 
clinical history and laboratory or clinical studies. Patients 
who came to the clinic during the study period and who 
met the selection criteria were informed of the nature of the 
study, along with their parents or guardians. 

Participants taking alkalizing solutions were asked to 
suspend doing so for a week before the laboratory studies 
were performed. Initial analyses included urinalysis, venous 
blood gas, sodium (Na), potassium (K), chlorine (Cl), calcium 
(Ca), phosphorus (P), albumin and creatinine. Those with any 
abnormal values were referred for nephrology consultation. 
The blood gas and urinary pH analysis were performed with 
a Brinkmann Metrohm Model 632 pH meter, and the other 
analyses with a Beckman Coulter DxC 700 AU chemistry 
analyzer. The criteria for diagnosis of renal tubular acidosis 
(RTA) or other uropathy or nephropathy were as follows: 
Probable RTA diagnosis (without other cause of metabolic 
acidosis): blood pH ≤ 7.37, anion gap < 18 and bicarbonate 
less than 18 mmol/L (< 2 years of age), 19 mmol/L (2-5 
years) or 20 mmol/L (> 5 years); RTA ruled out: blood 
pH ≥ 7.4, irrespective of the anion gap, and bicarbonate 
greater than 21.5 mmol/L (< 2 years of age), 22 mmol/L 
(2-5 years) or 22.5 mmol/L (> 5 years); uncertain RTA 
diagnosis: intermediate values that neither conϐirm nor rule 
out the diagnosis; renal or urological alterations: history of 
urinary infections or disorders, u rinalysis alterations, serum 
creatinine higher than expected for participant’s age. These 
participants underwent complementary diagnostic studies.

Participants with a probable or uncertain diagnosis of 
tubular acidosis provided additional samples for analysis 
of venous blood gas, Na, K, Cl, albumin and creatinine, and 
a 2-hour urine collection [5] was analysed for pH, Na, K, Cl, 
HCO3, Ca, creatinine and citrates to conϐirm or rule out the 
RTA diagnosis and conϐirm the type of RTA. Appropriate 
studies were carried out on participants with suspected or 
diagnosed renal or urological disorders.

Sample size

A convenience sample was used, since the patients of 
the Down syndrome clinic are generally seen every 6 to 12 
months for routine studies, and most of them would be seen 
over the course of the study period.

Statistical analysis

Descriptive statistics were used. The numerical variables 
are summarized with medians, minima and maxima. The 
categorical variables are summarized with frequencies and 
percentages as well as the frequency of RTA and other renal 
or urological alterations.

Results
In the study period, the Down syndrome clinic had a 

population of 700 patients, who were seen periodically, 
at least every 6 months. Of the total, 47 met the selection 
criteria (Figure 1), and of those, 32 did not have RTA or other 
renal or urological alteration. The remaining 15 went on to 
the second phase of the study, and 6 were diagnosed with 
nephropathy or uropathy (Table 1). The patient with tubular 
acidosis was a two-year-old girl with blood pH 7.28, HCO3 
16.3 mmol/L, pCO2 35.1 mmHg, K 4.6 mmol/L, creatinine 
0.5 mmol/L, a plasmatic anion gap of 14 mmolL, urine pH 
6, urinary anion gap 38 mmol/L, fractional excretion of 
bicarbonate1.8%, Ca/Cr ratio 0.04, renal ultrasound with 
right renal hypoplasia. Ammonia was not analyzed and no 
special tests were performed for precise diagnosis of tubular 
acidosis. The participant with systemic arterial hypertension 
was provided with advice on changes in lifestyle (diet and 
exercise), and the rest of the participants continued to be 
monitored. Demographic data with growth percentiles 
and laboratory results are summarized in table 1. Of the 
47 patients studied, 4 had mild metabolic acidosis, without 
meeting the criteria for the diagnosis of RTA according to 
the criteria described in the Methods section; on subsequent 
visits it was found to have disappeared (Table 2). 
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Figure 1: Flowchart of study procedure.

Table 1: Clinical and laboratory data in 47 patients.

Numerical variable Median Minimum Maximum

Age 4 years 3 months 14 years

pH 7.35 7.28 7.51

HCO3 (mmol/L) 23 16.3 31.9

pCO2 (mmHg) 42.1 22.4 53.1

Na (mmol/L) 138 129 144

K (mmol/L) 4.4 3.2 5.6

Cl (mmol/L) 106 91 112

Ca (mg/dL) 9.4 8.1 10.3

P (mg/dL) 5.3 3.4 6.3

Creatinine (mg/dL) 0.36 0.19 0.7

Albumin (g/dL) 4 3.2 5
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Discussion
In children with growth arrest in whom the major 

comorbidities have been ruled out, a renal cause such 
as urinary infection, glomerulopathy, kidney failure or 
tubulopathy should be considered. Among these, RTA [6] 
stands out for its frequency. There are no studies of the 
frequency of RTA in patients with Down syndrome; however, 
we believe there is, as in the rest of the paediatric population, 
an overdiagnosis. The estimated 6.7% of patients with this 
diagnosis in the Down syndrome clinic were evaluated and 
treated by different services within the hospital without the 
necessary laboratory studies. A thorough analysis conϐirmed 
the diagnosis in a single patient (0.14%), and it was secondary 
to renal hypoplasia. Other abnormalities of the urinary and 
renal tracts were also found. There are no exact ϐigures on 
the frequency of RTA in the general population. Garcia De 
La Puente, et al. [7] found 35 cases for every 10,000 patient 
charts at the National Institute of Paediatrics. The incidence 
and prevalence of RTA secondary to urological disorders are 
not clear; these are not described in many studies. A study 
by Guizar carried out in Mexico [8] reported the presence 
of RTA in patients with vesicoureteral reϐlux (VUR), with 9 
of the 18 patients with VUR presenting RTA. However, this 
study did not relate the degree of VUR to the onset of RTA 
or mention the time of RTA onset. According to Kupferman 
[3], the prevalence of renal and urinary tract malformations 
in people with Down syndrome was 3.2%, as compared 

with 0.7% in those without DS. The probability of urine 
acidiϐication defects would depend on the degree or severity 
of the malformation, as well as the duration of the alteration 
before its correction. There are no studies in the literature of 
any genetic relationship between RTA and DS.

Other studies demonstrate the greater frequency of 
alterations in the urological and renal tracts in people with 
DS [9-12]: these are the third most common defect, after 
cardiac and gastrointestinal abnormalities, in persons with 
this syndrome. Autopsy studies have described a range of 
renal disorders, mainly renal hypoplasia, and cystic diseases 
including glomerular microcysts [13]. In an examination 
of glomerular lesions in DS, Lo, et al. [14] report two 
cases with focal glomerulosclerosis, and in a review of 43 
autopsy studies evaluating mainly glomerular lesions, they 
found one case of acute glomerulonephritis, another with 
minimal change nephropathy and a third with membranous 
glomerulonephritis. They also found a high frequency of 
glomerular microcysts. Functionally, glomerular ϐiltration in 
children with DS has been reported to be approximately 80% 
of that in those without DS, according to Yamakawa, et al. 
[15]; these authors suggest that the difference could be the 
result of smaller kidneys or fewer glomeruli. In the present 
study, the method of data collection underestimated the real 
rate of urological and renal malformations in this population, 
since the cases identiϐied were among patients suspected to 
have RTA or other renal or urological alterations, not among 
the entire patient population at the Down syndrome clinic 
or among those who had already been diagnosed with a 
malformation.

Given the higher frequency of renal and urological 
disorders in patients with DS, we recommend that medical 
providers ask about urinary symptoms and perform physical 
examinations including blood pressure measurement at 
least annually, along with analyses of blood chemistry with 
electrolytes, blood biometry and a general urine test. We also 
recommend a kidney and urinary tract ultrasound at least 
once. These tests all help to detect early comorbidities. In the 
absence of malformations that affect growth, we believe that 
speciϐic tests for RTA should be carried out only if a patient’s 
weight or height are below the 5th percentile for children 
with DS. In sum, RTA is not more frequent in children with 
DS, but they should be examined routinely for the presence 
of renal or urinary tract disorders.

Compliance with ethical standards

This work was carried out in accordance with the 
principles of the Declaration of Helsinki. It was approved 
by the Research and Research Ethics Boards of the Instituto 
Nacional de Pediatría, Mexico City, Mexico (US DHHS 
OHRP nos. IRB00008064 and IRB00008065; approval no. 
2016/040). A copy of the approval is available upon request. 
Informed assent (where possible) and the written informed 
consent of patients’ parents or guardians was obtained. 

Categorical variable Frequency Percentage
Gender
 Male 25 53.2

 Female 22 46.8
Height percentile

 < 5 14 29.8
 5-10 11 23.4
 > 10 22 46.8

Weight percentile
 < 5 21 44.7

 5-10 19 40.4
 > 10  7 14.9

Conditions found
Renal tubular acidosis 1 2.1

Familial haematuria 1 2.1
Mild renal failure 

secondary to refl ux 
nephropathy

1 2.1

Urinary infection 1 2.1
Right ureteropelvic 

stenosis 1 2.1

Systemic arterial 
hypertension 1 2.1

Table 2: Patients with metabolic acidosis without renal tubular acidosis.
Age (years) pH HCO3 (mmol/L) pCO2 (mmHg)

1 7.36 18.4 33.9
1 7.39 20 34.1
2 7.34 19.2 36.9
1 7.37 18.4 32.6
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