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Abstract
Objective: To identify glomerular filtration with six equations in a university community in Armenia, Colombia.
Methods: A cross - sectional descriptive study was carried out in a university community: students and administrators, which included 
172 participants. The glomerular filtration rate (GFR) was calculated by 6 equations, Cockcroft-Gault, Cockcroft-Gault adjusted for body 
surface, CKP-EPI, MDRD for white and black race. The differences between the groups were calculated using analysis of variance or chi-
square for the categorical variables. The explained variation (R2) was calculated for each of the equations with a multiple regression.
Results: Mean GFR was found at 84 mL/min/1,73 m2 with the Cockcroft-Gault, body surface adjusted Cockcroft-Gault and Black Race 
MDRD equations, with significant differences by group (p ≤ 0.01), in Students above 91 mL/min/1,73 m2 and in the administrative group 
above 75 mL/min/1,73 m2.
Glomerular filtration presents an explained variation (R2) greater than 85,76 % with the Cockcroft-Gault equation adjusted for body surface 
area, with a statistically significant difference (p ≤ 0.01).
Conclusions: In the present study, it was found that renal function, measured through the glomerular filtration rate, was normal in students 
and with slight decrease in the administrative group.
The GFR was similar with the Cockcroft-Gault, Body Surface Adjusted Cockcroft-Gault and MDRD Black Race equations. It is 
recommended the Cockcroft-Gault equation adjusted for body surface that presents the largest variation explained with the study variables 
for this population.
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Resumen
Objetivo: identificar la filtración glomerular con seis ecuaciones en una comunidad universitaria de Armenia, Colombia.
Métodos: se realizó un estudio descriptivo de corte transversal en una comunidad universitaria, estudiantes y administrativos, que incluyó 
172 participantes. Se calculó la tasa de filtración glomerular (TFG) mediante seis ecuaciones, Cockcroft-Gault, Cockcroft-Gault ajustado por 
superficie corporal, CKP-EPI, MDRD para blancos y negros; y se comparó entre los grupos. Las diferencias entre los grupos se calcularon 
con análisis de varianza o de chi cuadrado para las variables categóricas. Se calculó la variación explicada (R2) para cada una de las 
ecuaciones con una regresión múltiple.
Resultados: se encontró una TFG promedio en 84 mL/min/1,73 m2 con las ecuaciones de Cockcroft-Gault, Cockcroft-Gault ajustado por 
superficie corporal y MDRD para raza negra, con diferencias significativas por grupo (p ≤ 0,01): en el grupo de estudiantes por encima de 
91 mL/min/1,73 m2 y, en el grupo de administrativos, por encima de 75 mL/min/1,73 m2. 
La filtración glomerular presenta una variación explicada (R2) mayor del 85,76 % con la ecuación Cockcroft-Gault ajustado por superficie 
corporal, con una diferencia estadísticamente significativa (p ≤ 0,01). 
Conclusiones: en el presente estudio se encontró que la función renal, medida por la tasa de filtración glomerular, fue normal en el grupo de 
estudiantes y con disminución leve en el grupo de administrativos.
La TFG fue similar con las ecuaciones de Cockcroft-Gault, Cockcroft-Gault ajustado por superficie corporal y MDRD para raza negra. Se 
recomienda la ecuación de Cockcroft-Gault ajustado por superficie corporal, que presenta la mayor variación explicada con las variables 
del estudio.
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Introduction
 

There are several indicators that allow us to 
approach the assessment of renal function 
and its impact on people’s health. One of 

these indicators is the glomerular filtration rate, 
used to identify if there is kidney disease. Chronic 
kidney disease (CKD) is an important public 
health problem, both due to its high incidence 
and prevalence, as well as its high morbidity and 
mortality and socioeconomic cost1.

For all this, the early detection of people with 
hidden CKD is a goal of prevention in many 
countries. For example, the SEN (Spanish Society 
of Nephrology) recommends detecting the presence 
of CKD in all people over 60 years old, either 
with high blood pressure, or with diabetes, or 
with cardiovascular disease. Screening consists 
of evaluating Glomerular Filtering (GF) and 
albuminuria at least once a year2.

The consensus document on the management of 
CKD considers that the estimation of glomerular 
filtration is the best index to evaluate renal function3.

In the present study, the recommendations 
of the National Kidney Foundation (NKF) were 
taken into account, according to the classification 
established by K/ DOQI (Kidney Disease Outcomes 
Quality Initiative). This classification has allowed 
unifying the criteria for the definition of CKD4, 
as abnormalities in the structure or renal function 
present for more than three months and with 
implications for health. In addition, it has allowed 
the characterization of CKD according to its 
etiology, category and glomerular filtration rate and 
albuminuria. According to these guidelines, CKD 
is defined, then, as the persistent decrease in renal 
function, for at least three months, expressed by 
altered GFR <60 Ml/min/1.73 m2 and/or presence of 
kidney damage with histological alterations in renal 
biopsy. Indirectly, it is defined by markers such as 

albuminuria, alterations in urinary sediment, and 
alterations in imaging tests or history of kidney 
transplantation4.

The combination of diagnostic criteria is the 
basis for the classification of CKD in five stages, 
according to the guidelines of the K/DOQI 2002 of 
the National Kidney Foundation:

Stage 1: kidney injury with normal or increased 
glomerular filtration. Glomerular filtration ≥ 90.

Stage 2: kidney injury with mild decrease in 
glomerular filtration rate. Glomerular filtration 60-
89.

Stage 3: moderate decrease in glomerular 
filtration rate. Glomerular filtration 30-59.

Stage 4: severe decrease in glomerular filtration 
rate. Glomerular filtration 15-29.

Stage 5: renal failure or dialysis. Glomerular 
filtration <15.

In the world, in Colombia and in Quindío, 
kidney disease has increased in recent years 
and constitutes a significant burden of high-cost 
disease1. It is necessary, therefore, to think not only 
about its treatment, but also about its detection 
and early prevention. For this reason, the present 
study in a university population contributes to the 
identification of renal function in students and 
administrators without kidney disease, by using the 
different equations.

Methods

A descriptive cross-sectional study was 
conducted to identify the glomerular filtration rate 
with the different equations and related factors in a 
university community of Armenia, Colombia.



Nieto Cárdenas OA, Serna Flórez J

Rev. Colomb. Nefrol. 2017;4(2): 159 - 167 http://www.revistanefrologia.org 

161

Population and Sample

Participants 172 people from a public university 
in the city of Armenia, Colombia, between students 
and administrators. The sample was obtained in a 
random manner in the database provided by the 
Planning Office. The main selection criterion was 
voluntary: the people who signed the informed 
consent were included.

Collection of information

The information was collected by the researchers 
in the primary source, with an instrument designed 
for this purpose with all the variables of the study, 
during 2015. Participants were given a clinical history 
that included socio-demographic variables (age, 
sex, state civil, educational level). Anthropometric 
variables were measured, such as weight, height, 
body mass index (BMI) and abdominal perimeter. 
In the blood sample, laboratory variables were 
measured, such as: HDL cholesterol values (mg/
dL), total cholesterol (mg/dL), triglycerides (mg/
dL), LDL cholesterol (mg/dL), glycemia (mg/
dL), creatinine, albumin, globulin, total proteins. 
In addition, related factors, such as: diseases, 
medication consumption, exercise and smoking.

Processing and analysis of information

The information was systematized in Excel®; 
the glomerular filtration rate was calculated with 
six equations, through the free access calculators 
offered by the Spanish Society of Nephrology. 
It was analyzed in the Statgraphics centurion® 
software. A descriptive analysis was carried out 
and the average, standard deviation and confidence 
intervals were calculated, with a comparative 
analysis by sex. The differences between the groups 
were calculated with analysis of variance or a chi-

squared test to analyze the categorical variables. A 
value of significance of 5% was considered and the 
variation explained for each of the equations with a 
multiple regression was calculated.

Bioethical aspects

In all cases, the ethical principles of the 
Declaration of Helsinki, 1964, with its amendments 
up to 20085, and Resolution 8430 of 1993 of the 
Ministry of Social Protection of Colombia6 were 
complied with6.

This project was approved by the Institutional 
Bioethics Committee of the University of Quindío, 
in Minute No. 50 of 20137. All procedures and 
controls in the patients and were made after the 
signing of the informed consent.

Results

Population and Sample

To identify the renal function in the people of 
the university community, the informed consent 
was signed by 172 people (85 administrative and 
87 students).

The description of the variables with the 
information is shown separately by quantitative 
and qualitative variables, by group and by sex, 
with mean ± standard deviation IC 95% and p. 
value. They are also described by groups of related 
variables.

As can be seen in table 1, the average age was 
32.42 years; 21.34 years in students and 43.8 years 
in administrative. The body mass index, of 24.90 
on average, was normal in students (23.35) and 
overweight in administrative (26.38). The average 
abdominal perimeter (82.81cm) was found within 
normal limits, on average it was 78.00 cm in students 
and 87.51 cm in administrative. The average blood 
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pressure was 111/74 mmg Hg; mean systolic blood 
pressure was 106.97 mmHg in students and 114.94 
mmHg in administrative. Finally, the diastolic 
pressure was 72.93 mmHg and 75.12 mmHg, 
respectively. 

The lipid profile was found within normal limits, 
except for the HDL that were found below the 
recommended limits, without significant differences. 
The glycemia was found in normal limits (82.52 
mg/dL on average): 89.56 in administrative and 
83.56 in students, with a p-value of <0.001. The 
creatinine, finally, was in average values within 
the normal limits (1.06 mg/dL), with significant 
differences: 1.03 mg/dL in students and 1.09 mg/dL 
in administrative, with a value of p <0.001.

When comparing the variables between the 
participating groups of the university community 
(students and administrators), significant 
differences were found (p-value <0.001) in the 
following variables: age, body mass index, blood 
pressure, waist circumference, albumin, globulins, 
total proteins, total cholesterol, LDL cholesterol, 
triglycerides, glucose and creatinine (table 1).

63% of the participants were women and 37% 
men. 5% of the participants smoke and 35% do 
physical exercise, without significant differences 
between the groups.

The identification of the glomerular filtration rate 
(GFR), with the six equations, can be seen in table 

Table 1.
Quantitative variables by groups (average, standard deviation, 95% CI, p value).
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Table 2.
Glomerular filtration rate with 6 equations per group (average, standard deviation, 95% CI, Anova)

2. An average GFR was found at 84 mL/min/1.73 
m2 with the Cockcroft-Gault, Cockcroft-Gault 
equations adjusted by body surface and MDRD 
for black race, with significant differences by 
group (value of <0.001): in students, above 91Ml/
min/1.73 m2 and in the administrative group, above 
75mL/min/1,73 m2. That is, on average, normal 
glomerular filtration (≥ 90mL/min/1.73 m2) was 
found for the group of students and with a slight 
decrease for the group of administrative staff (60- 
89mL/min/1.73m2). 

This would correspond to stage 2 ERC. This 
was not the case with the CKD-EPI equation for 
black population, which overestimates glomerular 
filtration (average 91.79 mL/min/1.73 m2), nor with 
the MDRD equation for population white, which 
underestimates glomerular filtration (68.31 mL/
min/1.73 m2), as can be seen in Figure 1. It could 
be observed that the average glomerular filtration 
presented significant differences by sex with five 
equations, except Cockcroft-Gault adjusted for 
body surface, with a slight decrease in glomerular 
filtration rate (60-89 mL/min/1.73 m2), since it was 
greater for men than for women.

In Table 3, we can observe the explained 
variation (R2) and the absolute error (Absolute 
E) of each of the adjusted models, by means of a 
multiple regression, to identify the relationship of 
the variables with the glomerular filtration. It was 
found that, in the model, glomerular filtration has an 
explained variation (R2) greater than 85.76% and 
that they have a statistically significant relationship 
with the Cockcroft-Gault equation adjusted for 
body surface area (p value <0.001) in creatinine, 
age, abdominal perimeter and albumin. Likewise, 
it presents the smallest absolute error and the other 
equations have less explained variation. It is also 
observed that the glomerular filtration decreases, 
with the increase of creatinine and with age, and 
increases with the increase of the abdominal 
perimeter.

Discussion

In the present study it was found that renal 
function, measured by the glomerular filtration rate, 
was normal in the students and with a slight decrease 
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in the administrative group. The slight decrease in 
GFR in the administrative group is explained by age 
and higher creatinine values than in the group of 
students.

CKD is a public health problem that affects one 
in ten adults in the world. According to the global 
burden study of the disease, in 2010, there were 
979,409 people in Colombia with chronic kidney 
disease; the prevalence in this pathology was 2 per 

100 inhabitants and was more frequent in females8. 
By 2015, the prevalence of CKD was 66.8 per 
100,000 inhabitants and was higher in men (78.4 
x 100,000 habs.), than in women (57.3 x 100,000 
habs.). It was also 82.2 x 100,000 inhabitants, in the 
department of Quindío9. According to information 
from the NHANES (National Health and Nutrition 
Examination Survey), on the estimated GFR with 
the CKD-EPI equation, the overall prevalence of 
stages three to four in CKD increased from 4.8%, 

Table 3
Factors related to the glomerular filtration rate, with the different measurement equations, measured through a 

multiple regression.

Figure 1. Glomerular filtration with six equations.s.
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in 1988, to 6 , 9%, in 1994, and remained stable 
afterwards, with a prevalence of 6.9% between 
2011 and 201210.

Although this cross-sectional study was carried 
out in a limited population, on a university campus 
without previous knowledge of kidney disease, it 
contributes to the knowledge of renal function based 
on glomerular filtration and is compared with other 
studies of the context National and international.

The TFG was similar with the Cockcroft-Gault 
equations, Cockcroft-Gault adjusted for body 
surface and MDRD for black race. The CKD-
EPI equation for black population overestimates 
glomerular filtration and the MDRD equation 
for white population underestimates glomerular 
filtration.

It is important to note in mind that the population 
studied is mestizo, without identified kidney disease 
and without predominance of blacks or Caucasians.

In the city of Medellín, Colombia, it was found 
that, in patients with CKD, “the median glomerular 
filtration rate (GFR) was related to stage 3 CKD 
(50.2 ± 18.6), which was the more frequently, and 
a significantly different trend was observed, with a 
higher proportion of patients in advanced stages for 
the group of 65 and over”11.

In Colombia, no studies comparing the different 
equations in the general population have been found, 
which is why frequent studies such as the consensus 
document in Spain3 are taken as reference standards, 
which recommends: “according to the majority of 
scientific societies, We recommend the use of the 
MDRD-4 or MDRD-IDMS equation depending on 
whether the method for measuring creatinine has 
traceability or not”. It also shows that: “The MDRD 
equation has been obtained from individuals with a 

certain degree of renal failure”. On other occasions, 
studies are taken as a reference for the Anglo-Saxon 
population, which recommend the use of the CKD-
EPI equation, because “the CKD-EPI equation is 
better than the MDRD equation”12. For its part, a 
study conducted in Argentina, when comparing 
the two equations, highlights that “therefore, the 
new CKD-EPI equation decreases the number of 
patients with GFR below 60 ml/min/1.73 m2 and 
assigns stages of IFG higher to a greater number of 
patients”13. The latter coincides with the results of 
the present study, with regard to CKD-EPI for the 
black population.

Likewise, it was found that, in the model, 
glomerular filtration presents an explained variation 
(R2) greater than 85.76% and has a statistically 
significant relationship with the Cockcroft-Gault 
equation adjusted by body surface. For all the 
above, this is the equation that should be considered 
for the calculation of GFR in this population.

Conclusions
In the present study it was found that renal 

function, measured by the glomerular filtration 
rate, was normal in the students and with a slight 
decrease in the administrative group. The GFR was 
similar with the Cockcroft-Gault, Cockcroft-Gault 
equations adjusted for body surface and MDRD for 
black race.

The glomerular filtration rate increases with 
the abdominal perimeter and decreases with the 
increase in creatinine and age.

The measurement of GFR with the Cockcroft-
Gault equation adjusted by body surface in 
this population without identified CKD is 
recommended, because it was found that, in the 
model, the variation explained is greater and the 
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