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Evidence on factors associated with the progression of chronic kidney disease (CKD) is still
under construction. The present study aimed to evaluate sociodemographic, clinical, and drug
use factors associated with the progression of CKD. A retrospective cohort study was conducted
with 193 patients with CKD stages 3A to 5- non-dialysis followed for three years in a Brazilian
city. The outcome was the evolution to renal replacement therapy (RRT) or death. A total of
52.3 % (n = 101) were men and 83.4 % (n = 161) elderly. The median age was 72.0 years, and
22.3 % (n = 44) progressed to RRT or death, and the three-year mortality rate was 20.2 %.
Participants exposed to angiotensin converting enzyme inhibitors or angiotensin II receptor
blockers had a lower risk of progressing to the outcome (hazard ratio (HR) 0.25; p = 0.003)
and higher survival (p = 0.022) when compared to those not exposed to these drugs. Age (HR
1.06;) and use of omeprazole (HR 6.25; CI; p <0.01) and hydrochlorothiazide (HR 2.80; p =
0.028) increased the risks of RRT or death. The results highlight the importance of rational
management of pharmacotherapy for patients with CKD.

Keywords: Chronic kidney disease. Disease progression. Drug utilization. Drug therapy.
Nephrology.

INTRODUCTION

Chronic kidney disease (CKD) is a worldwide
health concern due to the increase in its prevalence,
as a consequence of population aging and associated
diseases, such as diabetes mellitus (DM) and systemic
arterial hypertension (SAH) (Eckardt et al., 2013;
Mariani et al., 2016). CKD affects about 10 % of the
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world population and more than a third of the elderly
(Stengel et al., 2011; Stengel et al., 2014). In Brazil, it
is estimated that 3 to 6 million Brazilians have some
degree of kidney disease (Marinho et al., 2017).

Furthermore, the prevalence estimate of patients
in dialysis is 640 patients per million of the population
and the incidence is 204 patients with end-stage renal
disease on maintenance dialysis per million of the
population. In 2018, a total of 133,464 patients were
undergoing dialysis treatment in the country (Sociedade
brasileira de nefrologia, 2018).

With the increase in the incidence and prevalence
of this disease, the need for renal replacement therapy
(RRT) also increases, in addition to the increased risk of
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mortality and the need for specialized healthcare (Murphy
et al., 2016).

Several factors have been related to the spread of
CKD, such as elevated blood pressure, uncontrolled DM,
dyslipidemia, obesity, smoking, proteinuria, and use of
nephrotoxic substances (Schaefer, Wiihl, 2012; Bochud,
2015; Webster et al., 2017). The clinical guidelines for
conservative treatment of CKD determine that the
therapeutic approach aims to reduce its progression (NKF,
2013). Among the main clinical practices, the use of renin
angiotensin aldosterone system blockers, represented
by angiotensin-converting enzyme (ACE) inhibitors
and angiotensin II receptor blockers (ARB) have been
shown to be effective in reducing the progression of the
disease (Lewis et al., 1993). In addition, non-exposure
to nephrotoxic drugs and better control of clinical and
laboratory parameters of SAH, DM, dyslipidemia, uric
acid, and acidosis can have a positive impact in delaying
the progression of CKD (Eckardt et al., 2013; Ministério
da Saude, 2014).

The transition to the final stage of kidney disease
is a time of high clinical risk with profound effects on
mortality, morbidity, quality of life, and use of health
resources (Mariani et al., 2016). CKD often advances
to the terminal phase and the need for RRT, and in
recent years new studies on factors associated with the
progression of CKD have emerged (Go et al., 2004;
Chiu et al., 2008; Khan et al., 2017). However, evidence
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on the impact of treatment options on preventing the
development of CKD and on patient survival is still
under construction, especially within the scope of the
Brazilian Public Health System (SUS) where we do not
have government data regarding these patients.
Therefore, the aim of this study was to evaluate
sociodemographic, clinical, and drug use factors
associated with the progression of CKD for the outcome
of onset of RRT or death in patients with CKD in stages
3A to 5 non dialytic (ND), under conservative treatment.

METHODS
Study design, population and location:

This is a retrospective cohort with three years of
follow-up, including an initial baseline assessment, and
follow-up every six months (Figure 1). The study was
conducted in Divindpolis in the state of Minas Gerais (MG),
Brazil, whose estimated population is 235,977 inhabitants.
Patients over 18 years old who received initial care between
2014 and March 2016 or were already being followed up
at the Municipal Outpatient Clinic for Nephrology in
Divinopolis and had an established diagnosis of CKD
stages 3, 4, or 5-ND after three months of evaluation were
included in the cohort. Patients with neoplasms or absence
of creatinine values were excluded. Patients who attended
only at baseline were considered losses.

Braz. J. Pharm. Sci. 2022;58: €20249



Progression of chronic kidney disease in non-dialysis patients: a retrospective cohort

Retrospective Cohort Study
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Data collection period: 2014 - 2018
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FIGURE 1 - Schematic representation of the stages of construction of the cohort study in patients with CKD in stages 3 to 5-ND

in Divinépolis (MG), Brazil.

The Municipal Nephrology Outpatient Clinic is
inserted in the Polyclinic of Divinépolis (MG), where
patients who need renal care are served. The outpatient
clinic follows the recommendations of the guidelines
for the care of patients with CKD, which recommends
that nephrological assessments in patients with CKD
in stages 3A and 3B are semiannual, stage 4 quarterly,
and stage 5-ND monthly (Ministério da Saude, 2014).
In each consultation, creatinine tests are requested and
the glomerular filtration rate (GFR) is estimated, using
the formula proposed by the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) group (NKF,
2013). Tests indicated in nephrology at the frequency
recommended by the clinical guidelines, and tests used
to monitor the control of comorbidities such as DM, SAH
and anemia are also requested (Ministério da Satde, 2014).

Data collection, exposure variables and outcome:

Data collection by the researchers took place
between December 2017 and March 2018, looking
for data retrospectively. A structured instrument
developed for this research was used containing
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sociodemographic information, clinical and family
history, clinical parameters, laboratory tests performed
at each consultation, and prescribed drugs. The sources
of information were the patient’s medical record
and the Health Information System (SIS) - an online
system used by the SUS. The medical record contains
information regarding clinical history, management,
tests, and prescribed drugs, while the SIS contains
sociodemographic data, laboratory tests performed by the
SUS, authorization of procedures (such as hemodialysis),
hospitalizations, dispensed drugs, and death certificates.

The exposure variables were gender, age at baseline,
stage and time of CKD diagnosis, marital status,
education, color or race, smoking, comorbidities, control
of clinical and laboratory parameters related to CKD, and
drug use. A dichotomy was carried out as to whether or
not the clinical and laboratory parameters were adequate
at baseline according to the goals established by the main
guidelines and studies. Control of blood pressure levels
was considered as: blood pressure <140/90 mmHg for
patients without DM and <130/80 mmHg for patients
with DM (MS, 2014); glycemic control: fasting glycemia
<130 mg/dL and glycated hemoglobin (HbAlc) <7 %
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(assessed only for patients with DM) (SBD, 2017); lipid
control: LDL <100 mg/dL, HDL for women >50 mg/dL
and for men >40 mg/dL, triglycerides <150 mg/dL (Faludi
et al., 2017); uric acid control: <7.0 mg/dL (NKF, 2013);
urea: 20-40 mg/dL; hemoglobin for women 12 to 15.5
g/dL and men 14 to 18 g/dL; calcium 8.8 to 11.0 mg/dL
(Abensur, 2011); and phosphorus in stages 3 and 4 of
3.0 - 4.6 mg/dL (NKF, 2013).

For medication, the use of nephroprotective (ACE
inhibitors or ARB), and nephrotoxic drugs (non-steroidal
anti-inflammatory drugs and omeprazole) were evaluated,
in addition to the most prescribed drugs among the
participants. Users of these drugs were considered to be
patients who had used them for more than six months.
The outcome assessed was progression to RRT or death
from any cause after initial follow-up within three years.

Statistical analysis:

Comparison analyzes were performed between
patients who remained in the cohort and losses, using
the Chi-square test to analyze proportions, and the non-
parametric Mann-Whitney test to compare medians.
A descriptive analysis of the data was subsequently
performed according to the patients who evolved or not
for the outcome, expressed as median and interquartile
range (IQ) for data with abnormal distribution or
percentage, according to the characteristic of the variable.
To assess normality, the Kolmogorov-Smirnov test was
used. A univariate analysis was then performed using
the Chi-square test or Fisher’s exact test for categorical
variables, and the Mann-Whitney test for continuous
variables with non-normal distribution. The variables
that presented p values <0.20 in the univariate analysis
and the variables gender and use of omeprazole were
included in a Cox Regression model, with the outcome
variable RRT or death. Subsequently, those with p values
>(0.05 and without statistical significance were excluded
from the model.
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An analysis of overall patient survival was performed
using the Kaplan Meier method and a second analysis
evaluated survival considering the groups that used or
did not use drugs that showed statistical significance in
the Cox model. To compare the survival curve between
groups, the logrank test was used. P <0.05 and 95 %
confidence interval (CI) were considered statistically
significant. For the analyzes, STATA 14.1 software was
used.

The project was approved by the Ethics Committee
of the Federal University of Sao Jodo Del-Rei - Centro-
Oeste dona Lindu Campus (UFSJ-CCO), approval
protocol 3.010.366, CAAE: 65858117.3.0000.5545.

RESULTS

Between 2014 and 2016, 406 patients were treated
at the Municipal Nephrology Outpatient Clinic. Of these,
217 were diagnosed with CKD in stages 3A to 5-ND.
However, 6.4 % (n = 14) were excluded due to previous
diagnosis of neoplasms or due to the absence of creatinine
tests. Thus, 203 patients were included in this study. The
median age was 72 (IQ: 62 to 82) years.

A total of 4.9 % (n = 10) attended only the first
consultation, with no future evolution data, and therefore
were considered losses. Figure 2 shows the details of the
recruitment and follow-up of the participants. In patients
who have not progressed, the mean creatinine levels were
1.39 £ 0.16 mg/dL in stage 3A; 1.66 + 0.28 mg/dL in stage
3B; 2.34 £+ 0.45 mg/dL in stage 4, and the mean GFR
levels were 50.4 + 4.0 mL/min/1.73 m? in stage 3A; 36.2
+ 4.6 mL/min/1.73 m? in stage 3B; and 23.6 + 4.1 mL/
min/1.73 m? in stage 4. In patients who progressed the
mean creatinine levels were 1.43 & 0.23 mg/dL in stage
3A; 1.70 £ 0.29 mg/dL in stage 3B; 2.29 + 0.57 mg/dL in
stage 4; 3.34 + 0.37 mg/dL in stage 5, and the mean GFR
levels were 49.4 £ 5.5 mL/min/1.73 m? in stage 3A; 35.2 £
4.7 mL/min/1.73 m? in stage 3B; 23.1 + 3.1 mL/min/1.73
m? in stage 4; and 14.0 + 1.4 mL/min/1.73 m? in stage 5.
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4 Total patients treated at the Municipal Nephrology
Clinic between 2014 and 2016 in Divinopolis (MG)

n = 406
e

-
FPotentially eligible users (CKD stages 3A to 5 non-

dialysis):

n=27

.

Excluded: 6.4 % (n = 14)

Fatients with absent creatinine values:
41% (n=19)
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n=203

F're'ulcrus diagnosis of neoplasms: 2.3 % (n

Losses: 4.9 % (n=10)

Participants who remained in the cohort

n =193 (95.1 %)

L Only attended at basealine.

Participants who did not progress to
the outcome RRT or death: n = 149
(TT7.2 %)

Where:
-RRT:.n=45; - Deaths: n =39

Participants who progressed to the outcome RET or
death: n = 44 (22.7 %)

FIGURE 2 - Flowchart of recruitment and follow-up of patients with CKD in stages 3 to 5-ND in Divinépolis (MG), Brazil.

Among the 193 patients in the cohort, 52.3 % (n =
101) were male and 83.4 % (n = 161) elderly (> 60 years).
There was a higher prevalence of individuals who were
married or in a stable relationship (50.3 %), who had
studied from one to four years (50.3 %), and of the white
race (37.3 %). It is noteworthy that 90.2 % (n = 174) of
the participants had SAH and 42.5 % (n = 82) had type
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2 DM. Of the participants, 22.3 % (n = 44) progressed to
RRT or death. Patients who progressed, despite having
significantly shorter CKD diagnosis time (12 months [1Q
4.0-21.0] vs. 23 months [IQ 16.5-25.0]; p <0.01) were older
when compared to those who did not progress (78.0 years
[1Q: 69.5 - 81.5] vs. 70.0 years [1Q: 62.0-79.0]; p <0.01).
The characteristics of the patients are shown in Table 1.
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TABLE |- Sociodemographic and clinical characteristics of patients with Chronic Kidney Disease at baseline, attended between
2014 and 2016 at the Municipal Nephrology Outpatient Clinic in Divindpolis (MG), Brazil (n = 193)

Total Not progressed Progressed
Variable (n=193) (n=149) (n=44) Pvalue

N (%) N (%) N (%)
Gender
Male 101 (52.3) 81 (54.4) 20 (45.5) 0.229%*
Female 92 (47.7) 68 (45.6) 24 (54.5)
Age (years) 72.0 (62.5-80.0) 70.0 (62.0-79.0) 78.0 (69.5-81.5) 0.006%*
Diagnosis time (months) 21.0 (12.0-24.0) 23.0 (16.5-25.0) 12.0 (4.0-21.0) 0.001**
Marital status
Married/Stable Union 97 (50.3) 74 (49.7) 23 (52.3)
Others 55 (28.5) 38 (25.5) 17 (38.6) 0.048*
Not registered 41 (21.2) 37 (24.8) 4(9.1)
Years of study
[literate 20 (10.4) 16 (10.7) 49.1)
from 1 to 4 97 (50.3) 67 (45.0) 30 (68.2) 0.124*
4to8 16 (8.3) 15 (10.1) 12.3)
Above 8 18 (9.3) 16 (10.7) 2 4.5)
Not registered 35 (21.8) 42(23.5) 7 (15.9)
Color or race
White 72 (37.3) 55 (36.9) 17 (38.6)
Mixed 26 (13.5) 18 (12.1) 8 (18.2)
Black 47 (24.4) 2 (1.3) 12.3) 0.789%*
Asian 3 (1.6) 38 (25.5) 9(20.5)
Not registered 45 (23.3) 36 (24.2) 9 (20.5)
Smoking
No 81 (42.0) 62 (41.6) 19 (43.2)
Yes 22 (11.4) 20 (13.4) 24.5) 0.430%*
Ex-smoker 8(4.1) 6 (4.0) 2 4.5)
Not registered 82 (42.5) 61 (40.9) 21 (47.7)
Comorbidities
Hypertension 174 (90.2) 134 (89.9) 40 (90.9) 1.000***
Type 2 Diabetes Mellitus 82 (42.5) 61 (40.9) 21 (47.7) 0.424*
Anemia 50 (25.9) 38(25.9) 12 (27.3) 0.814%*
Dyslipidemia 39 (20.2) 36 (24.2) 3(6.8) 0.010%**
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TABLE |- Sociodemographic and clinical characteristics of patients with Chronic Kidney Disease at baseline, attended between
2014 and 2016 at the Municipal Nephrology Outpatient Clinic in Divindpolis (MG), Brazil (n = 193)

Total Not progressed Progressed
Variable (n=193) (n=149) (n=44) Pvalue

N (%) N (%) N (%)
Gouty Arthritis 27 (14.0) 23 (15.4) 4.1 0.335%**
CKD stage
Stage 3a 65 (33.7) 55 (36.9) 10 22.7)
Stage 3b 75 (38.9) 59 (39.6) 16 (36.4) 0.016*
Stage 4 51 (26.4) 35(23.5) 16 (36.4)
Stage 5-ND 2 (1.0 0(0.0) 24.5)

Total patients with inadequate parameters control

Uncontrolled SBP 87 (45.1) 66 (44.3) 21 (47.7) 0.898*
Uncontrolled DBP 112 (58.0) 84 (56.4) 28 (63.6) 0.692%*
Elevated capillary glycemia 27 (14.0) 20 (13.4) 7 (15.9) 0.832*
Elevated HbAlc 30 (15.5) 23 (15.4) 7 (15.9) 0.574*
Elevated LDL 92 (47.7) 33 (22.1) 9(20.5) 0.715*
Elevated triglycerides 34 (17.6) 26 (17.4) 8 (18.2) 0.703*
Elevated uric acid 76 (39.4) 55 (36.9) 21 (47.7) 0.434%*
Elevated urea 152 (78.8) 116 (77.9) 36 (81.8) 0.045*
Reduced hemoglobin 91 (47.2) 66 (44.3) 25 (56.8) 0.340%*
Reduced calcium 12 (6.2) 9 (6.0) 3 (6.8) 0.211*
Elevated phosphorous 5(2.6) 4(2.7) 1(2.3) 0.941*
Elevated potassium 27 (14.0) 19 (12.8) 8 (18.2) 0.469*

Table Legend: * Chi-square test; ** Data with abnormal distribution, expressed as median and interquartile range, non-
parametric Mann-Whitney test; *** Fisher’s exact test. Legend: HbA lc: glycated hemoglobin; CKD: chronic kidney disease;
LDL: low density lipoprotein; HDL: High density lipoprotein; SBP: systolic blood pressure; DBP: diastolic blood pressure;

ND: non-dialytic.

A total of 79.8 % (n = 154) made use of ACE inhibitors
or ARB, with the highest use being ARB (n = 128; 66.3 %).
The reasons why some patients were not using ACE
inhibitors and ARB were: hyperkalemia induced by these
drugs, intolerance to drugs, intolerance of pressure levels,
and decreased GFR levels after the start of use. ARB,
simvastatin, furosemide and acetylsalicylic acid were the
most prescribed drugs. There was a significant difference
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between the use of hydrochlorothiazide (p = 0.020) and
insulin (p = 0.038) between the groups that progressed or
not to RRT or death (Table II). Among the patients who
progressed, 29.5 % (n = 13) used omeprazole and only 2.3 %
(n = 1) used non-steroidal anti-inflammatory drugs, with
no significant difference in the use of these nephrotoxic
drugs compared to the group that did not progress in the
univariate analysis.
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TABLE II - Use of nephroprotective, nephrotoxic, and other drugs more prevalent in patients with chronic kidney disease,
attended between 2014 and 2016 at the Municipal Nephrology Ambulatory, in Divinépolis (MG), Brazil (n = 193)

Not

gy P iy
N (%) N (%)
Use of nephroprotective drugs
ACE inhibitors or ARB 154 (79.8) 121 (81.2) 33 (75.0) 0.366*
Chronic use of nephrotoxic drugs
Omeprazole 67 (34.7) 54.(36.2) 13 (29.5) 0.412*
NSAID 12 (6.2) 11 (7.4) 12.3) 1.000%*
Use of other Drugs
Acetylsalicylic acid 95 (49.2) 73 (49.0) 22 (50.0) 0.907*
Allopurinol 66 (34.2) 52 (34.9) 14 (31.8) 0.705*
Beta blocker 86 (44.6) 71 (47.7) 15 (34.1) 0.112*
Calcium carbonate 20 (10.4) 16 (10.7) 4.1 0.665**
Calcium Channel Blocker 54 (28.0) 44 (29.5) 10 22.7) 0.364*
Clopidogrel 30 (15.5) 24 (16.1) 6 (13.6) 0.691*
Colchicine 17 (8.8) 14 (9.4) 3(6.8) 0.767**
Ferrous sulphate 23 (11.9) 21 (14.1) 2 4.5) 0.086*
Furosemide 99 (51.3) 76 (51.0) 23 (52.3) 0.883*
Hydrochlorothiazide 63 (32.6) 55 (36.9) 8 (18.2) 0.020*
Insulin 53 (27.5) 40 (26.8) 13 (29.5) 0.038*
Simvastatin 101 (52.3) 79 (53.0) 22 (50.0) 0.725%
Spironolactone 27 (14.0) 21 (14.1) 6 (13.6) 0.939%
Sulfonylurea 18 (9.3) 13 (8.7) 5(11.4) 0.597*
Vitamin D 33 (17.1) 24 (16.1) 9(34.1) 0.501*

Legend: NSAID: non-steroidal anti-inflammatory drugs; DM: diabetes mellitus. ACEI: angiotensin-converting enzyme
inhibitor; ARB: angiotensin receptor blocker. * Chi-square test; ** Data with abnormal distribution, expressed as median

and interquartile range, non-parametric Mann-Whitney test.

Table I1I represents the Cox regression model using
the gender variable and variables that were significant in
the univariate analysis. It was observed that age and use
of hydrochlorothiazide and omeprazole were predictors
of the outcome RRT or death. Omeprazole had a hazard
ratio (HR) of 6.25 (CI: 2.32 - 16.78), indicating a risk of

Page 8/15

progression to RRT or death of approximately six times
higher in omeprazole users when compared to non-users.
Hydrochlorothiazide however, whose HR was 2.80 (CI:
1.12 - 7.05), indicated a risk of almost three times greater
among users of this drug. However, the variable use of ACE
inhibitors or ARB represented protection for the outcomes.
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TABLE Il - Multivariate Cox Regression Analysis, with the outcome variable being the need for RRT, or death.

Exposure variables Hazard Ratio . C.I 95% - P value
(HR) (Lower limit — Upper limit)
Gender 0.42 0.17- 1.04 0.060
Age 1.06 1.02 - 1.11 0.009
ACE inhibitors or ARB 0.25 0.10-0.62 0.003
Omeprazole 6.25 2.32-16.78 0.001
Hydrochlorothiazide 2.80 1.12-7.05 0.028
Insulin 0.62 0.26 - 1.45 0.267

Legend: ACE inhibitors: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; CI: confidence

Interval.

The 3-year mortality rate was 20.2 % (39/193).
Figure 3 shows the patients’ survival during the study,
estimated by the Kaplain Meier method. Figure 4
shows the participants’ survival estimates according to
whether or not they used ACE inhibitors or ARB over

500 days. Survival differed significantly (p = 0.022) by
the logrank test between groups that were or were not
exposed to nephroprotective drugs: patients treated with
ACE inhibitors or ARB had better survival compared to
those who did not use these drugs at any time (Figure 4).

Estimated sumvival curve in patients with CKD

Survival
0.75 1.00
L 1

0.50
1

0.25
1

0.00
L

L]
0 200
Time in days

T
1000

FIGURE 3 - Estimated Kaplan-Meier survival curve over 3 years of the study.
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FIGURE 4 - Survival curves estimated by the Kaplan-Meier methods in patients with chronic kidney disease, by exposure or not

to the use of ACE inhibitors or ARB.

DISCUSSION

When we compared patients who progressed to the
RRT or death outcome with those who did not progress
in three years, we observed that those exposed to the
nephroprotective drugs (ACE inhibitors or ARB), had a
lower risk of progression for the studied outcome and longer
survival when compared to those not exposed to these drugs.
In contrast, the use of omeprazole or hydrochlorothiazide
increased the chances for the outcome of the onset of RRT
or death. These help to reinforce the importance of including
nephroprotective drugs in the conservative treatment of
CKD and the non-use of nephrotoxic drugs. Despite the
promising role of diuretics in CKD, their use is associated
with adverse renal outcomes and little is discussed about
this in clinical practice (Ministério da Saude, 2014).
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Most participants (79.8 %) in the cohort used
ACE inhibitors or ARB. When compared with other
studies conducted in patients with CKD in Brazil, a
similar frequency was found in the study by Pereira and
collaborators (2012) (77 %), and higher than the work
of Peres and Bettin (2015) (45.6 %). Drugs that block
the renin-angiotensin system, such as ACE inhibitors
and ARB, are widely prescribed in health services.
Losartan, the main representative of ARB, was the drug
most used by SUS primary care users in 2015 (Costa et
al., 2017). According to systematic reviews published
in 2008 and 2011, comparative trials of ACE inhibitors
versus ARB did not show significant differences
between these agents with regard to cardiovascular
and renal protection (Kunz et al., 2008; Maione et al.,
2011). ACE inhibitors and ARB have independent
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renal and non-fatal cardiovascular benefits, and the
choice between one class and another should be based
on patient tolerability, pharmacoeconomic, and access
issues (Kunz et al., 2008).

In this study, the use of the ACE inhibitors or ARB
classes was listed as a protective factor for progression
to RRT or death and longer patient survival. This
corroborates the findings of other studies in the literature
(Jafar et al., 2001; Schaefer, Wiihl, 2012). Pereira et al.
(2012) found that not using ARB increased the chance
of death four times in patients with non-dialysis CKD
(Relative Risk (RR) 4.18; CI 1.34-12.9). In a meta-analysis
carried out from 11 clinical trials, it was demonstrated
that the use of ACE inhibitors by patients with CKD
was a protective factor for progression to RRT (RR 0.69;
CI, 0.51 to 0.94) (Jafar et al., 2001). The advantages of
using these drugs go beyond the antihypertensive effect,
since they have antiproteinuric properties that prevent
the progression of CKD, reduce cardiovascular events,
and mortality from all causes, being recommended by
the CKD guidelines for nephroprotection (Sarmento et
al., 2018; Varallo et al., 2018). Therefore the results of the
present study reinforce the need to use nephroprotective
drugs in the management of chronic renal patients
undergoing conservative treatment.

However, the use of omeprazole, the main
representative of the class of proton pump inhibitors
(PPIs), had a prevalence of 34.7 % and was associated with
a six times higher risk of evolution to RRT or death (HR
6.25; CI: 2.32 - 16.78). The prescription of omeprazole
for the prevention and treatment of polypharmacy-
related digestive disorders is common, especially in
elderly patients. Several studies have associated the
use of omeprazole and other PPIs with the development
of acute interstitial nephritis, acute kidney injury, and
reduced GFR, which could be due to inflammation due
to the immune response caused by the accumulation of
PPIs (Lazarus et al., 2016; Yang et al., 2017; Hung et al.,
2018; Morschel, Mafra, Eduardo, 2018; Varallo et al.,
2018; Hart et al., 2019; Yang, Juang, Liao, 2019; Guedes
et al., 2020). Considering the findings of the present study
and the literature, it is necessary to investigate, through
more robust studies, the use of these drugs in patients
with CKD, because the use of PPIs, although effective
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in their effect of controlling gastric disorders, can be a
factor for worsening kidney function.

Regarding the use of hydrochlorothiazide, this study
demonstrated a 2.8 times greater risk of needing RRT or
progression to death when compared to those not exposed
(HR 2.80; CI 1.12 - 7.05). In a cohort conducted with 322
patients with non-dialysis CKD, it was demonstrated that
the use of diuretics was associated with adverse renal
outcomes, such as a decline in GFR and an increased
risk of starting RRT (Khan et al., 2017). Other studies
have reported that diuretic therapy is detrimental to
renal function and causes a significant increase in serum
creatinine values (Brown ef al., 2000; ALLHAT, 2002).
The mechanism by which hydrochlorothiazide causes
kidney damage is unclear. It is known that diuretics
can cause apoptosis in distal nephron tubular cells. In
addition, hypokalemia, which can be induced with the
use of these drugs, can lead to renal hypertrophy and
tubulointerstitial fibrosis (Choudhury, Ahmed, 2006;
Cotter, et al., 2008). In contrast, hydrochlorothiazide
is one of the most used drugs in the treatment of SAH,
being the treatment of choice in some cases (MS, 2014).
Savage et al., (2020) point out that diuretics are often
indicated to solve adverse reactions caused by calcium
channel blockers, such as edema. Therefore, randomized
controlled studies are suggested to investigate the
association between the use of hydrochlorothiazide and
renal outcomes in patients with non-dialysis CKD.

Most of the individuals in this cohort (83.4 %) were
elderly, which is in line with national and international
studies that report that the prevalence of CKD is higher
in older individuals (Marinho et al., 2017; Lascasas
et al., 2019). Among the variables associated with the
progression of CKD to RRT or death, only age (HR:
1.06; CI 1.02 - 1.11) is considered an unmodifiable risk
factor. Pereira and collaborators (2012) also observed
that age (RR 1.09; 95 % CI, 1.04-1.15; p <0.001) is a
risk factor for the development of death in patients with
non-dialysis CKD. The elderly suffer an average annual
decline of 1 to 2 mL/min/1.73 m? as part of the renal aging
process (Bochud, 2015). According to Denic et al. (2017),
healthy aging is associated with a 50 % decline in the
total number of glomeruli, and therefore, “old kidneys
should not be equated with ‘sick’ kidneys”. Therefore,
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caution must be taken in the management of care in these
patients (Glassock, Denic, Rule, 2017).

The main comorbidities presented by the participants
in this cohort were SAH, DM, anemia, and dyslipidemia.
SAH and DM were identified as the main primary factors
for CKD according to information in the medical records,
while anemia was one of the complications of CKD. In
the same way, SAH can be secondary to kidney disease,
which can explain the large number of patients with
hypertension (90.2 %). Furthermore, the prevalence of
SAH increases in old age and considering our population
of study, this could be another explanation to the data
found. Anemia sets in due to impaired production of the
hormone erythropoietin, which is produced by the kidneys
and is responsible for the synthesis of erythrocytes
(Stenvinkel, 2010; Silva et al., 2011). Dyslipidemia was
the only comorbidity that showed a significant difference
between the groups that progressed or not for the assessed
outcome, with the group that did not progress with a
higher proportion of this diagnosis. Normally, patients
with CKD showed physiological and biochemical changes
that alter lipid profiles (Peres, Bettin, 2015). However, as
dyslipidemia is a traditional cardiovascular risk factor, it
can cause affected individuals to have greater health care
(Lascasas et al., 2019). It is possible that patients who
progressed were more aggressively treated with statins.
However, due to the fact that we collected information in
secondary data which had a lack of information regarding
all the drugs in use of the patients, we cannot state this.
In the treatment of CKD, the management of these
comorbidities is essential to prevent disease progression.

The three-year mortality rate found in this study
was 20.2 %. Cardiovascular disease (CVD) is the leading
cause of early death in patients with CKD (Ripley, 2009).
In the United States, between 1995 and 2004, the rate
of hospitalization for all causes among patients with
CKD remained stable, but the rate of hospitalization for
cardiovascular causes increased by 8.0 % (USRDS, 20006).
Anemia and dyslipidemia, one of the most prevalent
comorbidities in this study, are also factors associated
with mortality from CVD and progression of CKD
(Lascasas et al., 2019; Thorp et al., 2009).

Among the limitations of the study, it is mentioned
that the retrospective cohort design with the use of
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secondary data, may favor the occurrence of information
bias, which was minimized using two sources for
checking the data (medical records and the Integrated
Health System). In addition, the study was conducted
only with patients referred by the nephrologist,
generating a selection bias, which selects patients
with possibly better care management. Furthermore,
it was not possible to separate the patients according
to proteinuria due to the lack of classification standard
in the city of the study. Regarding the association
found with the use of omeprazole, despite being well
described in the literature, it is noteworthy that many
patients who use PPIs have multiple comorbidities and
use polypharmacy, which could influence the result
obtained, which was not evaluated because we had only
secondary data without access to all the drugs being
used by the patients, which could underestimate the data.
Another limitation was the impossibility of identifying
the patients’ cause of death and the presence of CVD
because of the lack of information in the secondary
data. In several variables of “Use of other drugs”, it
is possible that statistical significance was not found
due to the small sample size. In contrast, among the
potentialities of this study, it stands out to be a cohort
inserted in the real world of the Brazilian patients with
CKD stages 3A to 5-ND all treated in secondary care
in the SUS, where we do not have government data of
these patients. Thus it was possible to analyze how the
disease is being treated in this context and how the
drugs are influencing its progression.

CONCLUSION

This study showed that the use of nephroprotective
drugs such as ACE inhibitors or ARB, were protective
factors for the onset of RRT or the occurrence of death
in patients with CKD followed up in a secondary care
service. In contrast, age and the use of omeprazole and
hydrochlorothiazide were associated with the occurrence
of these outcomes. These results reinforce the importance
of rational management of pharmacotherapy for patients
with CKD. The results regarding the use of omeprazole
and hydrochlorothiazide reinforce other studies reported
in the literature, however they need to be interpreted with
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caution, since clinical trials are necessary to confirm
this association.

CONFLICTS OF INTEREST
None

FUNDING

This work was supported by the Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior — Brazil
(CAPES) — Finance code 001.

ACKNOWLEDGEMENTS

We would like to thank the Coordenacgdo de
Aperfeicoamento de Pessoal de Nivel Superior - Brazil
(CAPES) and the Federal University of Sdo Jodo del Rei
(UFSD).

REFERENCES

Abensur, H. E-book (2011) - Biomarcadores na Nefrologia.
Sociedade Brasileira de Nefrologia. Available in: https://
arquivos.sbn.org.br/pdf/biomarcadores.pdf. Access: May
15, 2019.

ALLHAT Collaborative Research Group. Major outcomes in
high-risk hypertensive patients randomized to angiotensin-
converting enzyme inhibitor or calcium channel blocker
vs diuretic: the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT). J Am
Med Assoc. 2002;288(23):2981-97.

Bochud M. On the rationale of population screening for
chronic kidney disease: a public health perspective. Public
Health Rev. 2015;5(36):11.

Brown MJ, Palmer CR, Castaigne A, Leeuw PW, Mancia
G, Rosenthal T, et al. Morbidity and mortality in patients
randomised to double-blind treatment with a long-acting
calcium-channel blocker or diuretic in the International
Nifedipine GITS study: Intervention asa Goal in Hypertension
Treatment (INSIGHT). Lancet. 2000;356(9227):366—72.

Chiu YL, Chien KL, Lin SL, Chen YM, Tsai TJ, Wu KD.
Outcomes of stage 3—5 chronic kidney disease before end-
stage renal disease at a single center in Taiwan. Nephron
Clin Pract. 2008;109(3):109-118.

Braz. J. Pharm. Sci. 2022;58: €20249

Choudhury D, Ahmed Z. Drug-associated renal dysfunction
and injury. Nat Clin Pract Nephrol. 2006;2(2):80-91.

Costa CMFN, Silveira MR, Guerra Junior AA, Costa EA,
Acurcio FA, Guibu IA, et al. Utilizacdo de medicamento
pelos usuérios da atengdo priméria do Sistema Unico de
Saude. Rev Saude Publica. 2017;51(2):18.

Cotter G, Metra M, Milo-Cotter O, Dittrich HC, Gheorghiade
M. Fluid overload in acute heart failure - Re-distribution and
other mechanisms beyond fluid accumulation. Eur J Heart
Fail. 2008;10(2):165-9.

Denic A, Mathew J, Lerman LO, Lieske JC, Larson JJ,
Alexander MP, et al. Single-Nephron Glomerular Filtration
in Healthy Adults. N Engl J Med. (2017);376(24):2349-2357.

Eckardt KU, Coresh J, Devuyst O, Johnson RJ, Kottgen
A, Levey AS, et al. Evolving importance of kidney
disease: from subspecialty to global health burden. Lancet.
2013;382(9887):158-69.

Faludi AA, Izar MCO, Saraiva JFK, Chacra APM, Bianco
HT, Afiune Neto A, et al. Atualizagdo da Diretriz Brasileira
de Dislipidemias e Prevencdo da Aterosclerose — 2017. Arq
Bras Cardiol. 2017;109(2Supl.1):1-76.

Glassock R, Denic A, Rule AD. When kidneys get old: an
essay on nephro-geriatrics. J Bras Nefrol. 2017;39(1):59-64.

Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic
kidney disease and the risks of death, cardiovascular events,
and hospitalization. N Engl J Med. 2004;351(13):1296-1305

Guedes JVM, Aquino JA, Castro TLB, Morais FA, Baldoni
AO, Belo VS, et al. Omeprazole use and risk of chronic
kidney disease evolution. Plos One. 2020;15(3):1-16.

Hart E, Dunn TE, Feuerstein S, Jacobs DM. Proton pump
inhibitors and risk of acute and chronic kidney disease: a
retrospective cohort study. Pharmacotherapy. 2019;39(4):443-
453.

Hung SC, Liao KF, Hung HC, Lin CL, Lai SW, Lee PC, et al.
Using proton pump inhibitors correlates with an increased
risk of chronic kidney disease: a nationwide database-derived
case-controlled study. Fam Pract. 2018;35(2):166-171.

Jafar TH, Schmid CH, Landa M, Giatras I, Toto R, Remuzzi
G, et al. Angiotensin-converting enzyme inhibitors and
progression of nondiabetic renal disease. A meta-analysis of
patient-level data. Ann Intern Med. 2001;135(2):73-87.

Khan YH, Sarriff A, Adnan AS, Khan AH, Mallhi TH,
Jummaat F. Progression and outcomes of non-dialysis
dependent chronic kidney disease patients: A single
center longitudinal follow-up study. Nephrology (Carlton).
2017;22(1):25-34.

Page 13/15



JéssicaA. Aquino, ClaudiaL.Oliveira, AlbaOtoni, Cristina Sanches,Jodo V.M. Guedes, Diego B. Morais, Thays S. Mendonga, Flavio A. Morais, André O. Baldoni

Kunz R, Friedrich C, Wolbers M, Mann JF. Meta-analysis:
effect of monotherapy and combination therapy with
inhibitors of the renin angiotensin system on proteinuria in
renal disease. Ann Intern Med. 2008;148(1):30-48.

Lascasas JMSS, Fonseca I, Malheiro J, Santos S, Campos
A, Castro A, et al. Demographic, clinical characteristics
and cardiovascular disease burden in a Portuguese cohort
of older chronic kidney disease patients. J Bras Nefrol.
2019;41(1):29-37.

Lazarus B, Chen Y, Wilson FP, Sang Y, Chang AR, Coresh
J. Proton pump inhibitor use and risk of chronic kidney
disease. Jama Intern Med. 2016:176(2):238-246.

Lewis EJ, Hunsicker LG, Bain RP, Rohde RD. The effect
of angiotensin-converting-enzyme inhibition on diabetic
nephropathy. The Collaborative Study Group. N Engl J Med.
1993;329(20):1456-62

Maione A, Navaneethan SD, Graziano G, Mitchell R,
Johnson D, Mann JF, et al. Angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers and combined
therapy in patients with micro- and macroalbuminuria
and other cardiovascular risk factors: a systematic review
of randomized controlled trials. Nephrol Dial Transplant.
2011;26(9):2827-47.

Mariani L, Stengel B, Combe C, Massy ZA, Reichel H,
Fliser D, et al. The CKD outcomes and practice patterns
study (CKDopps): Rationale and methods. Am J Kidney Dis.
2016;68(3):402-13.

Marinho AWGB, Penha AP, Silva MT, Galvao TF. Prevaléncia
de doenga renal cronica em adultos no Brasil: revisido
sistematica da literatura. Cad Satde Colet. 2017;25(3):379-388.

Ministério da Saude (Brasil). Diretrizes Clinicas para o
Cuidado ao paciente com Doenga Renal Cronica — DRC no
Sistema Unico de Satde. Brasilia: Ministério da Saude, 2014.

Morschel CF, Mafra D, Eduardo JCC. IBPs, hipomagnesemia,
NIA, LRA ¢ DRC. Braz J Nephrol. 2018;40(3):301-306.

Murphy D, McCulloch CE, Lin F, Banerjee T, Bragg-
Gresham JL, Eberhardt MS, et al. Centers for disease control
and prevention chronic kidney disease surveillance team.
Trends in prevalence of chronic kidney disease in the United
States. Ann Intern Med. 2016;165(7):473-48]1.

National Kidney Foundation. KDIGO 2012 clinical practice
guideline for the evaluation and management of chronic
kidney disease. Kidney Inter Suppl. 2013;3(1):1-150.

Pereira AC, Carminatti M, Fernandes NMS, Tirapani LS,
Faria RS, Grincenkov FRS, et al. Association between
laboratory and clinical risk factors and progression of
the predialytic chronic kidney disease. J Bras Nefrol.
2012;34(1):68-75.

Page 14/15

Peres DABP, Bettin TE. Dyslipidemia in patients with chronic
kidney disease. Rev Soc Bras Clin Med. 2015;13(1):10-13.

Ripley E. Complementary effects of angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers in
slowing the progression of chronic kidney disease. Am Heart
J. 2009;157(6):7-16.

Sarmento LR, Fernandes PC, Pontes MX, Correia DBS,
Chaves VCB, Carvalho CFA, et al. Prevaléncia das causas
primarias de doengarenal cronica terminal (DRCT) validadas

clinicamente em uma capital do Nordeste brasileiro. J Bras
Nefrol. 2018;40(2):130-135.

Savage RD, Visentin JD, Bronskill SE, Wang X, Gruneir A,
Giannakeas V. Evaluation of a common prescribing cascade
of calcium channel blockers and diuretics in older adults
with hypertension. JAMA Intern Med. 2020;180(5):643-651.

SBD - Diretrizes da Sociedade Brasileira de Diabetes 2017-
2018. Organizacdo José Egidio Paulo de Oliveira, Renan
Magalhdes Montenegro Junior, Sérgio Vencio. Sdo Paulo:
Editora Clannad, 2017.

Schaefer B, Wiihl E. Educational paper: Progression in
chronic kidney disease and prevention strategies. Eur J
Pediatr. 2012;171(11):1579-88.

Silva GD, Acurcio FA, Cherchiglia ML, Guerra JAA,
Andrade EG. Medicamentos excepcionais para doenga
renal cronica: gastos e perfil de utilizagdo em Minas Gerais,
Brasil. Cad Satde Publica. 2011;7(2):357-368.

Sociedade Brasileira de Nefrologia - SBN. Censo da
Sociedade Brasileira de Nefrologia 2018. Available at:
<http:/www.censo-sbn.org.br/censosAnteriores>  Acess:
02/04/2019.

Stengel B, Combe C, Jacquelinet C, Briangon S, Fouque D,
Laville M, et al. The French Chronic Kidney Disecase-Renal
Epidemiology and Information Network (CKD-REIN)
cohort study. Nephrol Dial Transplant. 2014;29(8):1500-7.

Stengel B, Metzger M, Froissart M, Rainfray M, Berr C,
Tzourio C, et al. Epidemiology and prognostic significance
of chronic kidney disease in the elderly--the Three-
City prospective cohort study. Nephrol Dial Transplant.
2011;26(10):3286-95.

Stenvinkel P. Chronic kidney disease: a public health priority
and harbinger of premature cardiovascular disease. J Intern
Med. 2010;268(5):456-67.

Thorp ML, Johnson ES, Yang X, Petrik AF, Platt R, Smith
DH, et al. Effect of anaemia on mortality, cardiovascular
hospitalizations and end-stage renal discase among
patients with chronic kidney disease. Nephrology (Carlton).
2009;14(2):240-6.

Braz. J. Pharm. Sci. 2022;58: €20249



(O s s an open-access article distributed under the terms of the Creative Commons Attribution License.

Progression of chronic kidney disease in non-dialysis patients: a retrospective cohort

United States Renal Data System (USRDS). Annual data
report: atlas of end stage renal disease in the United States
National Institutes of Health, Bethesda (Md), 2006.

Varallo FR, Nadai TR, Oliveira ARA, Mastroianni PC.
Potential adverse drug events and nephrotoxicity related
to prophylaxis with omeprazole for digestive disorders: A
prospective cohort study. Clin Ther. 2018;40(6):973-982.

Webster CA, Nagler EV, Morton RL, Masson P. Chronic
kidney disease. Lancet. 2017;389(10075):1238-1252.

Yang H, Juang SY, Liao KF. Proton pump inhibitors use and
risk of chronic kidney disease in diabetic patients. Diabetes
Res Clin Pract. 2019;147:67-75.

Yang Y, George KC, Shang WEF, Zeng R, Ge SW, Xu G.
Proton-pump inhibitors use, and risk of acute kidney injury:
a meta-analysis of observational studies. Drug Des Devel
Ther. 2017;24(11)1291-1299.

Received for publication on 06 April 2020
Accepted for publication on 26" October 2020

Braz. J. Pharm. Sci. 2022;58: €20249

Page 15/15



