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Understanding of the role of serum creatinine in a subset of
the Brazilian population

Conhecimento de uma amostragem da populacao brasileira sobre

a funcao da creatinina sérica

ABSTRACT

Introduction: Chronic kidney disease is
usually asymptomatic, and its diagnosis
depends on laboratory tests, with emphasis
on serum creatinine and proteinuria.
Objective: To assess knowledge on the
role of serum creatinine as a biomarker
of kidney function in a sample of the
Brazilian population. Method: Cross-
sectional observational study conducted in
Sao Paulo (SP, Brazil), in which a random
adult population was interviewed. Results:
A total of 1138 subjects were interviewed,
with a median age of 36 years old (27—
52); 55.1% were female. Regarding the
“creatinine” biomarker, 40.6% stated
they had never performed such a test.
When asked about their knowledge on the
usefulness of this exam, only 19.6% knew
its function. The other responses were “I
don’t know” (71.6%), evaluating heart
function (0.9%) and liver function (7.8%).
Of those who reported they had already
taken a creatinine test, only 29.4% correctly
identified the role of creatinine. When
dividing the groups into “knows” and “does
not know” the function of creatinine, a
statistically significant difference (p < 0.05)
was observed regarding level of education,
female sex, being a healthcare student/
worker, having ever measured creatinine,
knowing someone with kidney disease
and older age. In the multivariate analysis,
the main variable related to knowing the
creatinine role was having previously taken
the test (OR 5.165 95% CI 3.16-8.43, p <
0.001). Conclusion: There is a significant
lack of knowledge about creatinine and its
use in checkups. The results indicate that
greater efforts are needed from healthcare
professionals to raise awareness on the role
of serum creatinine.

Keywords: Creatinine; Health Education;
Knowledge; Renal Insufficiency, Chronic.

Resumo

Introducao: A doenca renal cronica costuma
ser assintomatica e seu diagnostico depende
da realizacgio de exames laboratoriais,
com destaque para a creatinina sérica e
pesquisa de proteintiria. Objetivo: Avaliar
em uma amostra da populacdo brasileira o
conhecimento sobre o papel da creatinina
sérica como marcador de fun¢io renal.
Meétodo: Estudo observacional transversal
realizado na cidade de Sao Paulo (SP, Brasil),
em quefoientrevistadauma popula¢ioadulta
aleatoria. Resultados: Foram entrevistados
1138 individuos, com idade mediana de
36 anos (27-52); 55,1% do sexo feminino.
Com relacio ao marcador “creatinina”,
40,6% afirmaram que nunca realizaram tal
dosagem. Quando questionados quanto ao
conhecimento sobre a utilidade desse exame,
somente 19,6% sabiam a sua fungdo. As
outras respostas foram “nao sei” (71,6%),
avaliar o funcionamento do corag¢io (0,9%)
e figado (7,8%). Dos que afirmaram ja terem
realizado o exame de creatinina, somente
29,4% acertaram a func¢io da creatinina.
Ao dividir os grupos em “sabe” e “nao
sabe” a funcdo da creatinina, percebeu-se
diferenca estatisticamente significante (p <
0,05) em relagdo ao grau de escolaridade,
sexo feminino, ser aluno/trabalhador da
saude, ter dosado creatinina alguma vez,
conhecer alguém com doenca renal e maior
idade. Na andlise multivariada, a principal
varidvel relacionada com conhecer a funcio
da creatinina foi ter realizado o exame
anteriormente (OR 5,16; IC 95% 3,16—
8,43, p < 0,001). Conclusao: Ha grande
desconhecimento sobre a creatinina e seu
uso em check-ups. Os resultados indicam
que € necessario maior esforco por parte dos
profissionais de saude para divulgar o papel
da creatinina sérica.

Descritores: Creatinina; Educacio em
Sadde; Conhecimento; Insuficiéncia Renal
Cronica.
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Knowledge of the Brazilian population about serum creatinine

INTRODUCTION

Chronic kidney disease (CKD) is a common
condition that represents a public health issue
nowadays. This becomes more evident when
considering that the main causes of CKD are
diabetes mellitus and hypertension, two diseases of
high prevalence worldwide. CKD is defined as the
presence of functional and/or structural changes in
the kidneys for a period equal to or greater than
three months'2.

In a study conducted in the general population of
the United States from 2013 to 2016, the estimated
prevalence of CKD was approximately 15%. When
stratified according to etiology, the prevalence of
CKD in the group with diabetes mellitus (DM) was
36%, and in the group with hypertension, 31%?3.
In a systematic review from 2017, it was estimated
that the prevalence of CKD in Brazil was around
3 to 6 million*. Meanwhile, the 2021 Dialysis
Survey by the Brazilian Society of Nephrology
(SBN) reported that, in July of the same year, the
estimated total number of dialysis patients was
148,363. In addition, the estimates of prevalence
and incidence rates of patients undergoing dialysis
treatment per million of population were 696 and
224, respectively®.

As it is generally an asymptomatic or mildly
symptomatic disease, the best means of preventing
CKD is early diagnosis through laboratory tests,
including the measurement of serum creatinine. This
test is of considerable value for assessing kidney
function, with the advantages of being simple and
widely available®.

One of the important approaches taken by CKD
prevention campaigns in Brazil and around the world
is to increase the general population’s awareness
of the disease and how to achieve early diagnosis’.
Thus, having a picture of how much the population
is aware of this biomarker, serum creatinine, which
is crucial for diagnosing CKD in clinical practice, is
important to assess whether the approaches used so
far have yielded satisfactory results. It is also crucial
for planning how to communicate this and other
prevention information to people.

Since health education for the general population is
associated with levels of quality of life and prevention,
the aim of this study was to assess, in a sample of the
Brazilian population, knowledge about the role of
serum creatinine as a marker of kidney function.
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MEeTHODS

A cross-sectional observational study was conducted
in Sdo Paulo (SP, Brazil) in 2023, assessing a sample
of the population regarding their knowledge on the
role of serum creatinine as a biomarker of kidney
function. Open Epi® software was used to calculate
the sample size, which was 1068 people, using a
confidence level of 95%, a 3% margin of error and a
population proportion of 50%, as there is no previous
data available on the frequency of knowledge in the
population.

Data were collected through individual interviews
after the subjects signed the Informed Consent
Form (ICF). Participants were randomly invited for
interviews in public places, and the inclusion criteria
were: being Brazilian and aged 18 or over.

All data collection was conducted on the same
high-traffic avenue in Sdo Paulo, Avenida Paulista,
along its entire length. This avenue is in a central
neighborhood, with commercial/business, residential
(to a lesser extent) and tourist components, frequented
by different social classes and age groups.

Due to the lack of a validated questionnaire for
our purpose, a form was created with information
considered relevant by the authors. The following
aspects were considered: age, sex, level of education,
whether or not they were a healthcare professional or
student, whether or not they had previously undergone
medical checkups and how often, previous testing for
serum levels of cholesterol, glucose and creatinine,
whether they knew the purpose of the creatinine test,
whether or not the participant had been diagnosed
with diabetes and/or hypertension, and whether they
knew people with kidney disease.

After the interview, the participants were provided
with information about the role of serum creatinine
in assessing kidney function and, especially, as a
diagnostic tool for CKD.

The study was approved by the Research Ethics
Committee (UNIFESP), under protocol 5.721.239.

STATISTICAL ANALYSIS

The IBM SPSS 25.0 software was used for tabulating
and analyzing the results and the GraphPad Prism 8.0
program was used to create figures. For continuous
variables, data were described as median and 15tand 3™
interquartile ranges, while categorical variables were
presented as frequencies and percentages. Chi-square
and the Mann-Whitney U-test for 2 independent



samples with non-normal continuous variables
were the statistical tests used to compare categorical
variables. Multivariate analysis using binary logistic
regression was performed to assess the influence of
variables potentially associated to creatinine accuracy
rate, after checking for collinearity between selected
variables. Odds ratio (OR) and 95% confidence
interval (95% CI) were calculated. A statistically
significant difference was assumed when p < 0.05 in
a two-tailed test.

ResuLts

A total of 1138 people were interviewed on 5 different
days. General data were analyzed, and two groups
were compared (correctly identified creatinine role
vs. incorrectly identified creatinine role) (Figure 1).
Demographic data and information obtained from
the interviews are summarized in Table 1. The
median age of the participants was 36 years old
(27-52), and the majority were female (55.1%).
A small proportion reported having hypertension
and diabetes, 11.9% and 5.5% respectively. When
dividing education level into 4 groups (each group
included both complete and incomplete levels of
the respective education), it was found that most
participants had higher education (48.6%). The
prevalence of healthcare students and workers was

Interview 1
N=245

Interview 2
N=233

Interview 3
N=231

Interview 4
N=220

Interview 5
N=209

answers
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5.9%
75% of participants reported undergoing checkups,

and 14.0%, respectively. Approximately

with an annual frequency predominating (45.2%).
Cholesterol, blood glucose and serum creatinine
measurements were reported to have been performed
at some point by 81.5%, 83.5% and 59.4% of
respondents. Of those who reported having undergone
a serum creatinine test, 90% answered that the test
had a normal result. Regarding knowing people
with kidney disease, 47.8% of participants reported
knowing someone, either themselves (12.7%), family
members (52.5%) or others (34.8%). Of the total
number of participants, 223 (19.6%) answered
correctly about the role of creatinine among the
four options provided, while 817 (71.6%) answered
“do not know”. The remaining chose the answers
“assess liver function” (89; 7.9%) and “assess heart
function” (10; 0.9%) (Figure 2).

When comparing the two groups (correct vs.
incorrect), the “correct” group was older, had more
female participants and a higher level of education,
had undergone more checkups, cholesterol, glucose,
and serum creatinine tests, more frequently knew
someone with CKD, had a higher prevalence of
hypertension and was a healthcare student/worker.
In the healthcare workers group, the physicians
answered correctly in 91.4% of cases. Among those

+ Creatinine
N=223

- Creatinine
N=915

Figure 1. Flowchart of the study implementation, including the number of participants per interview day, total number of participants and

interviewees who knew (+) or did not know () the role of serum creatinine.
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TABLE 1 DEMOGRAPHIC DATA AND INFORMATION COLLECTED THROUGH INTERVIEWS
Variables All Correct* Incorrect* P

n (%) / Median (1t = 3 1Q)
N 1138 223 (19.6) 915 (80.4)
Age, years 36 (27-52) 1 (30-57) 36 (26-51) <0.001
Sex
Female 627 (65.1) 139 (62.3) 488 (63.3) 0.015
Male 511 (44.9) 84 (37.4) 427 (46.7)
Comorbidities
Hypertension 135 (11.9) 37 (16.6) 98 (10.7) 0.015
Diabetes 63 (5.5) 17 (7.6) 46 (5) 0.138
Education
Elementary 59 (5.2) 5(2.2) (5.9)
High School 321 (28.2) 35 (15.7) 286 (31.3) 0,001
Higher Education 553 (48.6) 119 (53.4) 434 (47.4)
Postgraduate 178 (18.0) 64 (28.7) 141 (15.4)
Healthcare students 67 (5.9) 29 (12.0) 8(4.2) <0.001
Healthcare workers 1569 (14.0) 76 (34.1) 3(9.1) <0.001
Checkup
No 280 (24.6) 31 (13.9) 249 (272)
Once a year 514 (45.2) 123 (65.2) 391 (42.7) 0,007
Twice a year 255 (22.4) 55 (24.7) 200 (21.9)
Less than once a year 89 (7.8) 14 (6.2) 75 (8.2)
Previous test measurements
Cholesterol 928 (81.5) 212 (95.1) 716 (78.3) <0.001
Glucose 952 (83.7) 214 (96.0) 738 (80.7) <0.001
Creatinine
No 462 (40.6) 24 (10.8) 438 (47.9)
Normal 609 (53.5) 185 (83.0) 424 (46.3)
Abnormal (2.8) 1(4.9) 1(2.3) <0007
Doesn't remember 35 (3.1) 3(1.3) 2 (3.5)
Acquaintance with kidney disease** 544 (478) 145 (65.0) 399 (43.6) <0.001

*The participant correctly or incorrectly identified the creatinine role during the interview; ** Participant knows someone with kidney disease.

Which organ has it's function evaluated by creatinine?
1000+

800 [
600
400+

200

Number of answers

1 1
Kidney Liver Heart Unsure

Figure 2. Responses (4 options provided) to the question: “Serum

creatinine is used to assess the function of which organ?”
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who reported having previously tested for serum
creatinine, 29.4% answered correctly about the
function of this laboratory test.

In the multivariate analysis, the main potentially
related variables (Figure 3) — being older, having
a higher level of education (postgraduate), being

a healthcare student/worker, having previously
undergone a creatinine test and knowing someone
with kidney disease — were positively associated with
answering correctly about the role of the “creatinine”

biomarker.



Variables OR (CI 95%; p value)
Female 1.04 (0.74 - 1.46; p=0.817)
Age 1.02 (1.01 - 1.03; p=0.004)
High school 1.68 (0.59 - 4.76; p=0.327)
Undergrad. degree  2.35 (0.86 - 6.84; p=0.098)
Graduate school 3.23(1.14 - 0.16; p=0.028)
HC workers 3.02 (2.02 - 4.51; p< 0.001)
HC students 4.04 (2.15 - 7.57; p< 0.001)

Previous Creat.

Someone w/ KD

5.16 (3.16 - 8.43; p< 0.001)
2.26 (1.62 - 3.16; p< 0.001)

Knowledge of the Brazilian population about serum creatinine

I
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OR (CI 95%)

Figure 3. Forest plot relating different variables to knowledge on serum creatinine role using multivariate logistic regression.

Abbreviations: H. School = High School; H. Education = Higher Education; HC = Healthcare; Creat. measurement = Previous serum creatinine

measurement; Know KD = Know someone with kidney disease.

Discussion

One way of preventing CKD is to educate the
population, healthcare professionals and policymakers
about the disease, which has been a public health
problem for decades’. It is known that the complexity
of informing the population is significant, so we
sought to identify the extent to which the general
population, interviewed without prior selection in
public places in a Brazilian city, is aware of serum
creatinine function. This biomarker was chosen for
its relevance in assessing kidney function and its
universal applicability as a diagnostic tool for CKD.

It should be noted that, according to data
from the NHS® (National Health Survey), chronic
diseases experienced a generalized increase from
2013 to 2019. During the period when the NHS
was conducted, the percentage of the population
reporting at least one chronic disease increased from
45% to 50.8% (an increase of 12.8%). Among the
chronic noncommunicable diseases studied, DM
increased the most, from 6.2% of the population in
2013 to 7.7% in 2019 (a 24% increase). Another
notable disease in the analysis of NHS data was
hypertension, with an increase of 12% (21.4% in
2013 and 23.9% in 2019). CKD was also subject
of study, experiencing a 7% increase nationwide.
It is worth noting that the increase in DM and
hypertension is also associated with a higher
population risk of developing CKD.

In this study, the population sample interviewed
was comprised of adults, with a median age of
36 years and a slight predominance of females,
which is in line with the current distribution of the
total Brazilian population. It is worth noting that,
according to the 2022 survey, 48.9% of Brazilians
were male and 51.1% were female. Among people
aged up to 24, men are the majority. In the 25-29 age
group, the proportion of men and women is similar.
From the age of 30 onwards, women outnumber men,
and this was the predominant age group in the present
study. Above 60 years old, this difference increases
even further®.

With regards to education, we observed a
predominance of individuals with a high level of
education among our interviewees. This is in line
with the recent finding of an increase in the average
level of education in the country from 2016 to 2022,
according to the Continuous National Household
Sample Survey by IBGE'. When evaluating education
according to the age distribution of the Brazilian
population, 53.2% of individuals aged 25 or older
had completed compulsory basic education, meaning
they had completed at least high school. In addition,
19.2% of individuals in this age group had completed
higher education!’.

Education is known to be one of the key factors
associated with health literacy, alongside income and
socioeconomic background. It is worth remembering

Braz. J. Nephrol. (]. Bras. Nefrol.) 2024, 46(2):e20230117
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that health literacy refers to cognitive and social
skills, which determine the motivation and ability of
an individual to understand and use information to
promote good health, prevent diseases and improve
quality of life'!.

Previous studies assessing knowledge about chronic
diseases such as CKD', DM" and hypertension '3,
among others, have shown that lower educational
levels are generally related to poorer understanding of
diseases, prevention and treatment factors, and lower
health literacy.

In a previous Brazilian study involving a
questionnaire administered to the general population
regarding knowledge of CKD and serum creatinine, a
higher level of education was associated with better
knowledge. Participants with a higher education level
had more correct answers, while illiterate individuals
or those with elementary education had fewer
correct answers. In the same study, younger adults
demonstrated more correct answers to questions
about risk factors and prevention methods for
CKD!. In another study, this time involving patients
with kidney diseases, low education and older age
were predictive factors for lower functional health
literacy'.

One of the topics covered in our questionnaire
was the performance of checkups, which are referred
to by several different terms, such as general health
exams, general medical exams, periodic health
exams, wellness visits and others. These are often
used for diagnosis and prevention of diseases and
are commonly performed in primary care, being
associated with increased identification and treatment
of chronic diseases®.

In the present study, we tried to identify how
often participants underwent checkups, noting a high
frequency of prior blood glucose and serum cholesterol
tests at the time of their checkups, accounting
for 83.7% and 81.5%, respectively. In Brazil as a
whole, available data indicate that percentages of the
population slightly lower than these usually go for
checkups. According to the IBGE Census conducted
in 2021, around 33% of the Brazilian population did
not undergo annual checkup exams and, in 2018,
based on a study by the Ministry of Health, one out of
three Brazilians did not attend medical appointments
on a regular basis.

Serum creatinine, on the other hand, was
mentioned as part of checkups in less than 60% of

Braz. J. Nephrol. (]. Bras. Nefrol.) 2024, 46(2):e20230117

cases. As far as blood glucose and cholesterol tests
are concerned, we couldn’t find a similar previous
publication, but our results are at least proportional
to data from the NHS’, released in 2019, which
reported that the percentage of Brazilians aged 18
or over who had never been tested for blood glucose
and serum cholesterol was approximately 6.2% (5.9-
6.6%) and 7.5% (7.2-7.9%), respectively.

The authors acknowledge the limitations of
the current study, especially the potential lack
of representativeness of the sample, although an
adequate sample size was included, highlighting
the fact that the interviews were conducted in only
one city in the country. Such limitations may impact
the results and their generalization, since this sample
of the population does not entirely represent the
composition of the Brazilian population, including
in terms of educational level. A greater proportion
of individuals with a high level of education could
contribute to an overestimation of the true percentage
of the population familiar with the function of serum
creatinine.

Nevertheless, our results indicate that the
population’s level of knowledge on the subject
is still low. This information could certainly be
considered in the planning of preventive actions
by healthcare professionals involved in caring for
patients with CKD and by those responsible for
health policymaking, especially when conducting
prevention campaigns, the results of which are
challenging to quantify.

At this point, it is worth recalling some of the
strategies to enhance the awareness of the population
on CKD and its prevention. This includes describing
the basic laboratory markers for early diagnosis,
such as serum creatinine and urine tests (especially
proteinuria screening), as discussed by Mastroianni-
Kirsztajn et al.” Some of these strategies include the
production and distribution of educational material
adapted to each location (leaflets, booklets, posters,
etc.) presented in simple and illustrated language
to reach individuals at all levels of education.
Campaigns have been organized to raise visibility
on these issues, particularly the celebration of World
Kidney Day. These campaigns involve a wide range
of events, interviews in different media, lighting up
monuments, celebrations, joint efforts to provide care
and screening for CKD, billboard advertising, and
other resources.



In summary, when evaluating a random sample
of the Brazilian population, approached in public
spaces in the city of Sdo Paulo, we observed a 75%
rate of undergoing checkups, at least on an annual
basis, in line with the data published by the IBGE.
In the tests conducted by the interviewees, the
frequency of creatinine measurement was lower than
that of other laboratory tests, such as glucose and
cholesterol, which are crucial in screening chronic
noncommunicable diseases; in the case of creatinine,
around 60%. What really drew our attention
was the low awareness (20% of correct answers)
about the functional role of serum creatinine, even
though there were few response options provided.
We believe that increasing awareness about the
role of this biomarker could contribute to its more
frequent inclusion in checkups and tests performed
by different specialists. This might become a
demand from individuals themselves, who have
come to know the importance of this test in the early
diagnosis of CKD. We also emphasize that, to make
population education possible and consistent, health
professionals and services, including those not
specialized in Nephrology, should be aware of and
prepared to continue the process of education and
diagnosis of CKD as well. For us, the importance of
promoting the need to measure serum creatinine as a
means of early diagnosis of CKD in any checkup has
become clear, especially when evaluating patients
who are part of risk groups for developing CKD.

Finally, we emphasize that in the current study,
after the questionnaires were administered, the
interviewees received information on the role of serum
creatinine in the diagnosis and prevention of CKD.
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