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Abstract: Background: High altitude is associated with hypobaric hypoxia and increased risk for microalbuminuria in 
adults. We hypothesized that healthy adolescents at higher altitude might have an increased frequency of 
microalbuminuria in comparison with a group of adolescents living at sea level. 

Methods: We evaluated the presence of microalbuminuria in adolescents at sea level (n=68, altitude 130 meters) and at 
high altitude (n=114, altitude 3200 meters) living in Peru. Each subject was evaluated for body mass index, Blood 
Pressure, microalbuminuria, proteinuria, hematuria and leukocyturia in a first morning urine sample. Subjects with a 
positive test for microalbuminuria underwent repeat testing one or two weeks after the initial screening. 

Results: Subjects at sea level and high altitude had similar age, weight, height and blood pressure (p=NS). 
Microalbuminuria without any other urinary abnormality, was higher in the first screening among adolescents residing at 
high altitude compared to those living at sea level (42 vs15, p: 0.0215). In the second screening the results were similar in 
both groups (31 vs 11, p: 0.0879). 

Conclusion: Persistent microalbuminuria was observed in more than one-quarter of adolescents living at high altitude. 
This study suggests that subtle renal injury may occur early in subjects living at high altitude. 
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INTRODUCTION 

 Microalbuminuria (MA) is commonly measured as a risk 
factor for kidney disease or endothelial dysfunction in 
diabetic [1] and hypertensive [2] patients. The prevalence of 
MA among adult healthy population varies between 6 and 
8% and increases with age [3-5]. 
 Over 140 million people live at high altitude (HA), 
defined as living at an altitude of 2400m or more above sea 
level. They represent 2% of the world´s population [6]. 
People who reside at HA are exposed to an environment of 
chronic hypobaric hypoxia. Recent studies done in adult 
population residing at HA have shown a higher risk of 
developing renal disease and MA [7, 8], but there is no data 
in younger population. We therefore hypothesized that 
adolescents at higher altitude might have increased 
frequency of MA. To test this hypothesis, we conducted a 
screening for MA and proteinuria among adolescents 
residing at high altitude and compared it with a group of 
adolescents living at sea level (SL). 
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METHODS 

Materials and Subjects 

 This was an observational and cross sectional study done 
between 2011 and 2012. The subjects were Peruvian 
adolescent students from the last year of high school. There 
were two groups. The first group resides at HA - in the rural 
town of Llamellin-Ancash at 3200 meters above sea level. 
The second group resides in the town of Tahuantinsuyo - 
Lima, at 130 meters above sea level. In the town of 
Llamellin there were 870 students and in Tahuantinsuyo 
there were 940 students. To obtain the sample size we used a 
5% error margin with a 95% confidence level and a 
heterogeneity level of 10%. The sample size calculated was 
129 students. 
 Teachers and parents were informed about the study and 
consent forms were obtained. 114 out of 127 students 
residing at HA accepted to participate in the study, same as 
68 out of 96 students residing at SL. 
 Inclusion criteria were: adolescent students from 
Llamellin and Tahuantinsuyo on their last year of high 
school. Signed inform consent obtained from the parents. 
Exclusion criteria: Students who did not agree to participate 
in the study, students who at the time of the screening had 
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and acute infectious illness, students with a previously 
known illness, students on medications. 
 The protocol was approved by the Bioethics Committee 
of the “Hospital Nacional Arzobispo Loayza”, Lima, Peru in 
accordance with the Declaration of Helsinki. 

Procedures 

 Past medical history and current health status was obtained 
among the students who volunteered for the study, so as to 
exclude those with a current illness. In those subjects selected, 
there were the following procedures done: Anthropometric 
measurements: weight and height were obtained after 
removing shoes and heavy clothes. BMI was calculated [9]. 
Blood Pressure (BP) measure: subjects were asked to remain 
seated and at rest for 15 minutes prior to measuring their BP. 
Three recordings were taken, with a 3 minute interval between 
each other [10]. OMRON (Japan) calibrated machines were 
used. Proteinuria screening: The subjects were asked to 
collect their first morning urine sample (to eliminate the 
possibility of orthostatic proteinuria) after adequate hygiene. 
We used Meditest, Combi 10R, SGL, Macherey-Nagel urinary 
dipsticks to measure proteinuria, hematuria and leukocyturia. 
Meditest is a semiquantative method. The minimum 
sensitivity of the test strip is 10 mg protein/dL urine. The color 
fields correspond to the following ranges of albumin 
concentrations: negative, 1+: 30, 2+: 100 and 3+: 500 mg/dL. 
MA: was measured in the same morning urine sample, MA 
was measured using Micral Test R Roche. A value greater than 
20 mg/L was considered as positive. 

 In those students who presented with a positive result, 
both tests were repeated one or two weeks after the initial 
screening [11]. 

Statistical Analysis 

 The quantitative variables are expressed as mean and 
standard deviation and the qualitative variables are expressed 
as percentages. We used T students and Chi square to 
compare continuous and discrete variables respectively. A 
value of p <0.05 was considered as statistically significant. 
We used SPSS 16 to analyze the data. 

RESULTS 

 There were 114 adolescents evaluated at HA and 68 at 
SL. The age range for both groups was 15-18 years. The 
demographics in both groups were similar and are shown in 
Table 1. None of the students were hypertensive or obese. 
 The results of the urinary screening are shown in Table 2. 
Leukocyturia and hematuria were similar in both groups and 
both parameters were significantly decreased in the second 
evaluation. Proteinuria was similar in both groups in the first 
screening (13/114 (11.4%) vs 11/68 (16.1%) and decreased 
in the second screening (5/13 vs 6/11). 
 MA without any other urinary abnormality was higher in the 
first screening among the adolescents residing at HA compared 
to those living at SL (42/114 (36.8%) vs 15/68 (22%), p: 
0.0215). In the second screening, MA decreased and the results 
were similar in both groups (31/42 vs 11/15, p: 0.0879). 

Table 1. Demographical characteristics of the High Altitude and the Sea Level groups. 
 

 High Altitude Group (n:114) Sea Level  Group (n:68) p Value 

Gender: Male/Female 63/51 30/38 0.1558 

Age ( years) 16.7 ± 1.3 16.3 ± 1.0 0.8185 

Weight ( kilograms) 54.9 ± 7.2 56.9 ± 8.7 0.8622 

Height (meters) 1.6 ± 0.1 1.61 ± 0.07 0.9435 

Body mass index * 21.4 ± 2.4 21.9 ± 2.58 0.8926 

Systolic Blood Pressure (mmHg) 115.7 ± 10.7 120.9 ± 11.4 0.7523 

Diastolic Blood Pressure (mmHg)  69.3 ± 9.3 67.2 ± 8.3 0.8783 
*Kilograms/meters2. 
 
Table 2. Urinalysis results of the high altitude and the sea level groups. 
 

 High Altitude Group 1st Screening (n: 114) Sea Level Group 1st Screening (n: 68) p Value 

Leukocyturia: 1st screening 6  5  0.7492 

Leukocyturia: 2nd screening 0  1  0.3736 

Hematuria: 1st screening 15 13  0.2810 

Hematuria: 2nd screening 4  6  0.0887 

Proteinuria: 1st screening 13  11  0.4875 

Proteinuria: 2nd screening 5  6  0.3714 

Microalbuminuria: 1st screening 42  15  0.0215 

Microalbuminuria: 2nd screening 31  11  0.0879 
Microalbuminuria was defined as a value greater than 20 mg/L using MicralTestR Roche. 
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DISCUSSION 

 There are few epidemiological studies evaluating MA 
among children and most of them have been done in children 
with diabetes and obesity [12, 13]. 
 We hypothesized that adolescents living at high altitude 
would have a higher prevalence of MA. The primary finding 
was that there was a higher frequency of MA among 
adolescents living at HA based on a single screening (36.8 vs 
22 percent). In the second screening, 31/114 patients (27%) 
still had microalbuminuria in the HA group compared to 
11/68 (16%) in the sea level group. While the p value was 
only 0.08, it is trending towards significance, and may 
become significant in a larger sample size. The profile of the 
adolescents with negative MA on the second screening was 
similar to those who had persistent MA, with no statistical 
differences among their age, sex, BMI or blood pressure. It 
is recognized that a second screening evaluation reduces the 
presence of a positive result for MA up to 75 % in otherwise 
healthy children [14, 15]. One of the reasons for this is that 
MA is very variable from day to day and shows important 
intra-individual variability suggesting the need for multiple 
assessments [16, 17]. 
 A population - based epidemiological study of CKD in 
Tibetan population looked at 1189 Tibetans over 18 years of 
age who were living at altitudes between 3658 and 4200 m, 
and found an adjusted prevalence of MA of 16% [7]. 
 The presence of persistent MA in the high altitude 
population is interesting as adults show an increasing 
frequency of MA and hypertension, a syndrome called High 
Altitude Renal Syndrome [8]. The etiology of this syndrome 
may reflect hypoxia associated endothelial dysfunction, 
oxidative stress, effects from elevated uric acid, or relate to 
the higher frequency of low birth weight. Unfortunately, we 
were not able to test for these possibilities with this study. 
Exposure of rats to hypobaric hypoxia can induce subtle 
renal injury in the kidney, including microvascular disease, 
glomerular hypertrophy, and mild tubulointerstitial 
inflammation [18]. 
 MA around the world in a single screen shown that in the 
United States a prevalence of 10.7% in boys and 19.1% in 
girls between 6 and 19 years [19]. Tsioufis in Greece found a 
prevalence of 5 to 7% in boys and 12 to 15% in girls [20]. A 
study done among the Pima North American native ethnic 
population, showed a prevalence of 6% [14]. In Nigeria, a 
study done among school children found a prevalence of MA 
of 33%, the prevalence was higher in female adolescent who 
were obese, hypertensive and diabetics [21]. Transient MA 
can be seen in children secondary to physical exertion or to 
febrile illness [22, 23] but these conditions were excluded in 
our study. 
 The treatment of MA in adults, includes the treatment of 
the underlying condition (hypertension, diabetes, obesity) 
and the use of the renin-angiotensin-aldosterone (RAAS) 
system blocking agents [24]. A small prospective 
randomised study among people with altitude polycythemia 
and proteinuria done in La Paz, Bolivia, showed a significant 
fall in proteinuria ( p>0.002) in those who received Enalapril 
for 2 years [25]. The treatment of children with MA who 

have less co-morbidities, opens the possibility of research 
looking at the natural history of this condition [26]. 
 Limitations of the study include an uneven sample size, 
with a two-fold higher number of adolescents at HA 
compared to those at SL. This might influence the results. 
On the other hand the ideal way to measure MA is by 
measuring albumin/creatinine ratio, but this was not done in 
our study due to technical difficulties with preserving 
samples at HA. Nevertheless, screening for MA using the 
micraltest is reliable, detects levels as lows as 20 mg/l, and 
has a sensitivity of 96.7% and a specificity of 71% [27-29]. 
 This study suggests that subtle renal injury may not be 
uncommon in adolescents in Peru. Disease occurring early 
may have a role in the development of hypertension or 
chronic kidney disease as an adult. Given that there are over 
140 million people who currently live at high altitude, 
representing 2% of the world population (6), we recommend 
further studies evaluating community - based mass screening 
to help identify individuals at risk for developing CKD. 
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