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Abstract

Background: We aim to estimate the variation in the prevalence of chronic kidney disease
(CKD) in patients from a Brazilian cardiologic center. Methods: The outpatient serum
creatinine level and urine albumin-creatinine ratio (UACR) in samples from patients
>18 years old between 2014 and 2023 were evaluated. CKD was defined as an estimated
glomerular filtration rate (éGFR) < 60 mL/min/1.73 m?2. Participants were categorized
into low-, moderate-, high- or very high-risk groups according to the CKD heatmap,
which combines eGFR with UACR results. Results: The mean number of adults with
serum creatinine results per year was 36,477 &+ 7239, and the mean number of those with
UACR results was 16,870 £ 4310. The age- and sex-adjusted prevalence of participants
with CKD increased significantly (from 20% to 31%; R? = 0.853; p < 0.001), as was the
prevalence of individuals in the high or very high CKD risk groups (14% to 21%; R? = 0.945;
p <0.001). The cumulative incidence of CKD during the study period was 21.7% and was
higher in females and in older age groups. Conclusions: The roughly 50% increase in
the laboratory-based CKD prevalence over 10 years underscores the need for healthcare
services to adapt to managing a population with growing complexity and a heightened
risk of requiring kidney replacement therapy.

Keywords: epidemiology; chronic kidney disease; cardiovascular disease; cardiac care
facilities; creatinine; proteinuria

1. Introduction

The prevalence of individuals receiving kidney replacement therapy (KRT) has in-
creased exponentially worldwide [1]. This is explained by the increased prevalence of risk
factors for chronic kidney disease (CKD), increased life expectancy, and increased availabil-
ity of KRT [2]. The incidence of people on dialysis is also rising, especially in developing
countries and those with pronounced demographic and epidemiological transitions (aging
population and increase in the prevalence of chronic noncommunicable diseases) [3].

Among these nations, Brazil stands out as an upper-middle-income Latin American
country that has the fourth-largest chronic dialysis population (behind the United States,
China and Japan) and among the ten countries with the greatest increases in the prevalence
of individuals on haemodialysis or peritoneal dialysis [4]. In addition, the prevalence of the
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main risk factors for CKD has increased in Brazil. Between 2000 and 2020, the percentage
of people aged over 60 years increased from 9% to 13% and the percentage of adults with
arterial hypertension, diabetes, and obesity increased from 21% to 25%, 5% to 9%, and 11%
to 23%, respectively [5,6].

International studies, especially in populations of high-income countries, have shown
that the prevalence of CKD in adults is 10-15% [7,8]. In Brazil, recent studies have shown
a prevalence of CKD of 4% in individuals with private health plans, 13% in users of
private laboratories and 31% in patients with heart disease [9,10]. Although the prevalence
of patients with risk factors for CKD is known to have increased [11,12], data on the
epidemiological trends of CKD in people who are not on dialysis are scarce.

Among the chronic diseases associated with CKD, cardiovascular disease (CVD) has
drawn significant attention because CKD and CVD share many risk factors, the prevalence
of both conditions is increasing, and CKD greatly worsens the prognosis of CVD patients
and vice versa [13].

The COVID-19 pandemic had a significant impact on the provision of preventive care
in Brazil, as it did in other non-high-income countries [14]. Some procedures related to
CKD care showed a recovery after 2021, such as consultations with nephrologists and
testing for serum creatinine and proteinuria, while others, such as kidney transplants, had
not returned to pre-pandemic rates as of December 2024 [15].

As few epidemiological studies on kidney and heart disease have been conducted
in non-high-income countries, we aim to estimate the variation in the laboratory-based
prevalence of chronic kidney disease (CKD) in patients from a Brazilian cardiologic center.

2. Materials and Methods
2.1. Study Design and Population

This 10-year cross-sectional analysis utilized data from the laboratory databases of a
public tertiary hospital specializing in cardiology located in the city of Sao Paulo, Brazil.
This hospital is a reference hospital for a population of 20 million inhabitants; has 360 beds;
and performs approximately 189,000 outpatient medical consultations, 22,000 emergency
medical consultations, 9000 haemodynamic procedures and 3500 cardiac surgeries annu-
ally [16]. The laboratory tests evaluated in this study were performed between 1 January
2014 and 31 December 2023, which were mainly requested by cardiologists. In our insti-
tution, a small proportion of patients (approximately 3-5%) are treated by nephrologists,
ophthalmologists, and endocrinologists in specialized outpatient clinics. The inclusion
criteria were as follows: age > 18 years and tests performed on an outpatient basis. For
patients with two or more tests in the same year, the worst values were excluded to prevent
overestimation of the CKD prevalence.

2.2. Data Collection and Definitions

The tests evaluated in this study were serum creatinine (sCR) level and the
albumin—creatinine ratio in isolated urine samples (UACR). In addition to these test re-
sults, the following information was collected: age and sex of the patient and date of sam-
ple collection. Using the sCR level, age and sex, the estimated glomerular filtration rate
(eGFR) was calculated using the CKD-EPI 2021 equation [17]. CKD was defined as an
eGFR < 60 mL/min/1.73 m?, and proteinuria was defined as a UACR > 30 mg/g. CKD was
classified as stage 3a (eGFR 45-59 mL/min/1.73 m?), stage 3b (éGFR 30-44 mL/min/1.73 m?),
stage 4 (eGFR 15-29 mL/min/1.73 m?) and stage 5 (eGFR < 15 mL/min/1.73 m?) [18].
Proteinuria was classified as mild (UACR < 30 mg/g), moderate (UACR 30-300 mg/g) or
severe (UACR > 300 mg/g) [18]. Patients with sCR and UACR results measured in the
same year were classified according to the Kidney Disease: Improving Global Outcomes
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(KDIGO) heatmap into the following CKD risk categories: low, moderate, high and very
high [18].

2.3. Study Outcomes

The primary outcomes of the study were the annual age- and sex-adjusted prevalence
of patients with CKD (eGFR < 60 mL/min/1.73 m?), severe proteinuria (UACR > 300 mg/g)
and high or very high CKD risk categories.

The secondary outcome of the study was the cumulative incidence of CKD. To
estimate the CKD incidence, a subsample of individuals with three or more sCR mea-
surements was used, where the first two tests corresponded to a preserved eGFR
(>60 mL/min/1.73 m?). From that point on, participants were followed over time to
identify the moment when they presented an eGFR < 60 mL/min/1.73 m?. When this
occurred, the individual was considered an incident case, and the time to the change in
test results was recorded. The incidence was then estimated for each follow-up period,
and subsequently, these incidences were accumulated over time, resulting in the estimate
of the cumulative incidence.

2.4. Statistical Analysis

Categorical variables are described as absolute and relative frequencies, and contin-
uous variables are described as median (interquartile). Crude prevalence calculations
(number of individuals with abnormal results in the total number of those who under-
went the exam) were performed annually and adjusted for age and sex. The standard
population for the adjustments was calculated by the direct method, taking the mean
distributions of age and sex over the 10 years of the study into account. The annual
variation in prevalence was calculated via Prais—Winsten regression [19]. The time
between the first measurement of sCR with eGFR > 60 mL/min/1.73 m? and the first
measurement of sCR with eGFR < 60 mL/min/1.73 m? in the same individual was used
to calculate incidence (new cases of CKD per year). Statistical analysis was performed
using R software, version 4.2.1, using the following packages: nephro, tidyverse, abjutils,
lubridate and prais.

3. Results
3.1. CKD Prevalence

The number of participants with sCR measurements each year ranged between
21,228 and 45,112. These cases account for about 15 to 25 percent of the people who
had medical outpatient consultations at the study site [16]. The percentage of males with
sCR measurements varied from 50.0% to 51.8% and the median (IQR) age ranged between
64.6 (56.1,72.9) and 67.5 (58.7;75.1) years. The crude prevalence of CKD over the years
evaluated was: 20.0% (2014), 21.2% (2015), 19.2% (2016), 19.7% (2017), 24.5% (2018), 23.2%
(2019), 27.1% (2020), 24.5% (2021), 28.8% (2022), and 30.7% (2023) (Table 1).

Table 1. Characteristics of the study participants with serum creatinine measurements.

Year
Variable
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Patients with 45112 45100 40,500 37605 21,228 36278 28156 37,555 37,664 35,570
sCR values, n
Ave venrs 64.6 65.1 65.6 65.7 662 66.5 66.8 66.9 672 675

ge,y (56.1729) (567:732) (57.4735) (57.5737) (58.0:741) (57.9743) (584:743) (583743) (585747) (58.775.1)
18-29, % (n) 18(833) 16(717) 14(587) 15(557) 14(304) 15(57) 14(388) 15(559) 15(67) 15 (551)
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Table 1. Cont.
Year
Variable
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
o 6.6 6.3 5.6 5.1 5.6 5.3 5.4
30-44, % (n) 2093) 851 P78 013y 0s9) o4y are) 20BN hgg)  34(1909)
45-59, % (n) 27.0 25.7 24.6 24.2 23.2 22.8 222 21.9 21.4 21.2
7 (12172)  (11,603) (9956) (9102) (4925) (8254) (6241) (8218) (8061) (7536)
60-74, % (n) 44.8 45.8 47.2 47.4 479 47.1 48.0 48.1 47.8 46.7
.7 (20230)  (20,634)  (19,110)  (17,821)  (10,159)  (17,070)  (13519)  (18,050)  (17,991)  (16,620)

o 19.7 20.6 21.1 21.3 224 23.0 23.2 24.0 25.2
7bormore, % (n) (gega) (9295  (8549)  (8002)  (4751)  (8350)  (6529) 17D 9mg)  (s960)
Male sex, % (1) 50.0 50.4 51.3 51.7 51.1 51.1 51.8 51.5 51.6 51.3

s 70 (22,534)  (22,750)  (20,771)  (19,449)  (10,852)  (18,535)  (14,585)  (19,338)  (19,442)  (18,253)
eGFR, 814 80.6 83.7 82.4 77 .4 79.3 (Z_’zg 774 73.3 72.0
mL/min/173m2  (64.2,97.9) (63.3;97.3) (654;100.1) (64.698.8) (60.2,94.2) (61.6;96.1) T (60.4;94.0) (57.4;88.8) (55.9;87.9)
92.1)
>60, % (1) 80.0 78.8 80.8 80.3 75.5 76.8 72.9 75.5 71.2 69.3
=00, e (36,085)  (35535)  (32,738)  (30,182)  (15967)  (27,873)  (20,523)  (28,340)  (26,833)  (24,638)
45-59, % (n) 12.5 13.0 12.0 11.9 14.9 13.7 15.9 14.9 17.3 17.6
s (5635) (5848) (4843) (4479) (3159) (4984) (4481) (5599) (6526) (6268)
o 5.3 5.7 5.3 7.0 6.2 74 7.8
30-44, % (n) (2378) @573y 21973 1og6) (1486) (2245) 006) 0048 hg  BIGISD
15-29, % (1) 14(616) 15(680) 15(598)  1.5(546) 22(456) 1.6(584) 2.0(71) 17(636) 2.0(739)  2.2(785)
<15, % (1) 09(398) 1.0(464) 09(348) 1.1(412) 0.8(160) 1.6(592) 17(485)  1.3(502)  1.7(640)  2.0(729)
Data are presented as medians (IQRs) or relative (%) and absolute (1) frequencies. sCR, serum creatinine. eGFR,
estimated glomerular filtration rate.
The number of participants with simultaneous sCR and UACR measurements varied
p P
from 8813 to 21,511. The frequency of UACR measurements ranged between 24.3% and
q Yy g
54.9%. The percentage of males varied from 47.8% to 50.8%. and the median (IQR) age
P g g
ranged between 65.0 (58.5; 73.7) and 68.1 (59.6; 75.3) years. The percentage of participants
with the high or very-high CKD risk category varied from 14.6% to 20.4% (Table 2).
Table 2. Characteristics of the stud articipants with simultaneous serum creatinine and
y p p
UACR measurements.
Year
Variable
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
fg;ﬁ;ﬁf‘m 40.6 477 52.1 493 50.1 243 52.5 54.9 445 495
% (n) © o (18318)  (21,511)  (21,117)  (18523)  (10,640) (8813) (14,787)  (20,633)  (16761)  (17,596)
65.0 66.4 66.6 67.3 67.4 67.7 68.0
Age, years (58.5; (58.8; 66'753(2?‘2’ (59.3; (60.1; (59.9; (60.1; 67'754(;;)‘6’ (59.9; 68‘715(2)9'6’
73.7) 73.9) : 74.0) 74.6) 74.5) 74.9) . 75.2) :
18-29, % (n) 06(109) 07(157) 07(155) 08(157) 0.7(74)  09(77) 1.0(143) 13(277) 16(265) 1.5 (266)
. 54 59 6.9 82
30-44, % (n) 510%) 15y 540139 e 58612 68(%) gy 77(592) o, 86(1508)
45-59, % (1) 31.5 31.7 329 34.6 34.5 35.6 36.0 36.5 36.4 36.6
7 (5775) (6813) (6856) (6414) (3676) (3136) (5323) (7540) (6097) (6437)
60-74, % (n) 47.2 47.4 48.1 47.0 47.1 45.8 45.9 44.3 441 43.4
7 (8646) (10,194)  (10,157) (8706) (5011) (4036) (6790) (9146) (7387) (7628)
>75, % (n) 15.6 14.8 12.9 11.7 119 10.9 10.2 10.1 9.8 10.0
=190 (2856) (3189) (2715) (2160) (1267) (965) (1512) (2078) (1636) (1757)
Male sex, % (1) 8763 10,497 10,593 9314 5308 4366 7381 10,356 8499 8673
s (47.3) (48.8) (50.2) (50.3) (49.9) (49.5) (49.9) (50.2) (50.7) (49.3)
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Table 2. Cont.
Year
Variable
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
UACR, me/ 144(6.9; 80(4.0; 10147 9346 10047, 10248 9947  127(62; 108(5.0; 9.5 (4.6;
1 ME/8 37.5) 24.7) 35.8) 29.3) 32.5) 32.0) 31.2) 36.5) 34.2) 29.8)
<30, % (1) 70.2 77.9 72.2 75.3 73.6 73.6 74.3 714 729 75.0
7 (12,856)  (16,758)  (15,240)  (13,941) (7834) (6487) (10,990)  (14737)  (12211)  (13,193)
30-300, % () 24.6 17.8 227 19.1 20.8 20.3 19.8 22.7 21.4 19.5
7 (4498) (3823) (4801) (3546) (2210) (1793) (2934) (4688) (3587) (3438)
>300, % (1) 53(964)  4.3(930)  5.1(1076) (1%‘366) 56(596) 6.1(533) 5.8(863) 5.9(1208) 5.8(963)  5.5(965)
CKD risk
category
Low, % (1) 57.8 63.5 60.8 62.8 58.0 59.8 57.8 57.2 55.6 55.6
s 7 (10,584)  (13,656)  (12,832)  (11,639) (6173) (5271) (8544) (11,797) (9311) (9774)
Moderate, % (1) 26.4 219 249 22.5 241 23.5 23.6 25.1 247 241
7 (4833) (4711) (5263) (4167) (2562) (2075) (3489) (5186) (4135) (4235)
. o 9.5 9.0 9.0 10.6 11.1 10.7 11.8 12.2
High, % (n) (1743)  (oa5)  S8(862) qesgy i3y O8@0) 16ay (2202) (1970) (2144)
C o 6.3 5.6 5.7 7.5 8.0
Very high, % (1) (1158) 199y 55160 e 737 69607 iy, 70448 g 82(14)
Data are presented as medians (IQRs) or relative (%) and absolute (1) frequencies. sCR, serum creatinine. UACR,
albumin/creatinine ratio in an isolated urine sample. CKD, chronic kidney disease.
Between 2014 and 2023, the crude prevalence of adults with eGFR < 60 mL/min/1.73 m?
ranged between 20.0% and 30.7%, with a significant increase over time (R? = 0.914;
p <0.001). After adjusting for age and sex, the increase was still significant (21.2-29.6%;
R? = 0.853; p < 0.001) (Figure 1).
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Figure 1. Variation in reduced eGFR prevalence (<60 mL/min/1.73 m?) over 10 years. (a) Crude
prevalence; (b) age- and sex-adjusted prevalence.

Between 2014 and 2023, the crude prevalence of adults with UACR > 300 mg/g
increased slightly but not significantly (4.3-6.1%; R? = 0.317; p = 0.053), as did the annual
prevalence adjusted for age and sex (4.3-6.1%; R? =0.317; p = 0.052) (Figure 2).
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Figure 2. Variation in the prevalence of severe proteinuria (urinary albumin/creatinine ratio
[UACR] > 300 mg/g) over 10 years. (a) Crude prevalence; (b) age- and sex-adjusted prevalence.

Between 2014 and 2023, the annual crude prevalence of adults in the high or very high
CKD risk categories ranged between 14.6% and 20.4%, with a significant increase over time
(R? = 0.886; p < 0.001). After adjusting for age and sex, the increase was still significant
(13.9-21.4%; R? = 0.945; p < 0.001) (Figure 3).
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Figure 3. Variation in the prevalence of the high- or very high-risk categories of chronic kidney
disease (CKD) over 10 years. (a) Crude prevalence; (b) age- and sex-adjusted prevalence.

3.2. CKD Incidence

The proportion of new patients with one or more sCR measurements each year ranged
from 15.6% to 33.2% (Table S1). The total number of participants at risk for CKD (i.e., adults
with at least two eGFR above 60 mL/min/1.73 m?) was 39,414 and the 10-year incident cases
of CKD (one or more eGFR < 60 mL/min/1.73 m?) were 8547 (21.7%) (Tables S2 and S3).
The cumulative incidence of CKD (eGFR < 60 mL/min/1.73 m?) over the 10 years of the
study was greater in females than in males (22.5% versus 20.9%; p < 0.001). The cumulative
incidence of CKD was greater in older participants (2.4%, 5.1%, 16.5%, 35.8% and 55.5% in
the >18 years, 3044 years, 45-59 years, 60-74 years and > 75 years age groups, respectively;
p <0.001) (Figure 4).
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Figure 4. Cumulative incidence of reduced eGFR (<60 mL/min/1.73 m?) according to sex (a) and age
group (b).

4. Discussion

The present study revealed that the prevalence of reduced eGFR significantly increased
in patients with heart disease in the last decade (from 20% to 31%), as did the prevalence of
patients at high or very high CKD risk categories (from 16% to 20%). The prevalence of
individuals with severe proteinuria did not increase significantly. The cumulative incidence
of CKD in the total study population was approximately 20% over 10 years, with the
incidence being greater in females and older age groups.

Accordingly, to the last Global Burden Disease Study, the age-standardized CKD
prevalence in the world regions was: 5 to 11% in Europe and Central Asia, 6 to 8% in
high-income countries from Asia, Oceania, and North America, 6 to 9% in Latin America,
and 6 to 9% in Africa [20]. Compared to the general population, this and other studies
have shown a higher prevalence of CKD in people with heart disease. While the crude
prevalence of CKD among all adults is estimated at 10-15% [7,8,10], the condition is present
in 21% of individuals with coronary heart disease, 32% of those with heart failure and 37%
of those with valvular heart disease [9,21,22]. Although the comorbidities of all the study
participants were not available, a previous report showed that among the patients treated
at this institution, 32% had coronary artery disease, 14% had valvular heart disease, 10%
had arrhythmias, and 9% had cardiomyopathies [9]. The high coexistence of CVD and CKD
is mainly attributed to older age and a higher prevalence of hypertension and diabetes
mellitus. In addition, non-traditional risk factors for CVD may be present in individuals
with CKD, such as bone mineral disease/vascular calcification, inflammation, oxidative
stress, endothelial dysfunction, hyperuricemia, and hypervolemia [18].

It is well known that the prevalence of people on dialysis is increasing worldwide;
nevertheless, the variation in the prevalence of CKD has been less often studied, especially
in low- and middle-income countries [23,24]. One hypothesis for the increased prevalence
of CKD observed in our study could be the increased prevalence of risk factors for the
disease in Brazil (hypertension, diabetes, obesity and the ageing population) [5,6]. In the
United States, the prevalence of patients with a reduced eGFR (below 60 mL/min/1.73 m?)
increased 43% between national surveys from 1988-1994 and 1999-2002 [25]. During this
period, the prevalence of hypertension, diabetes and obesity increased from 24% to 26%,
from 4% to 7% and from 23% to 30%, respectively [26]. On the other hand, a Norwegian

https://doi.org/10.3390/epidemiologia7030087


https://doi.org/10.3390/epidemiologia7030087

Epidemiologia 2026, 7, 87

8of 12

report showed that the prevalence of CKD remained stable between the population studies
of 1995-1997 and 20062008 [26]. The authors estimated that the reduction in blood pressure
and cholesterol levels, stabilization of the prevalence of diabetes and increase in physical
activity of the population prevented an increase of up to 3% in the prevalence of CKD in
that country [26].

The trend toward an increase in the prevalence of individuals with reduced eGFR
remained statistically significant after adjusting for age and sex. The decrease in the
coefficient of determination (R?) from 0.914 to 0.853 and the 18.8% decrease in the slope of
the curve confirm the influence of demographic characteristics on the study results.

While a sudden increase in the crude prevalence of CKD was observed in 2020—possibly
related to the greater severity of patients treated on an outpatient basis during the
COVID-19 pandemic—the upward trend continued in the subsequent years evaluated.
In fact, even after excluding year 2020 from the analyses, the increasing tendency in the
crude prevalence and the age- and sex-adjusted prevalence of CKD remained statistically
significant (R? = 0.711; p = 0.002 and R? = 0.600; p = 0.006, respectively) (Figure S1).

The increase in the prevalence of CKD and its risk factors are not the only determinants
of the number of people on KRT [23]. Even in nations without restricted access to KRT,
the variation in the prevalence of CKD explains only 40% of the increase in the prevalence
of individuals on dialysis, suggesting that there may be different risk factors for patients
with CKD progressing to kidney failure [24]. Thus, the fact that Brazil is one of the ten
countries in the world with the greatest incidence of patients on dialysis could be explained
by both the increased prevalence of CKD and its risk factors and the gaps in coping with
the disease, which increase the risk of end-stage kidney disease [27,28].

The increase in the CKD prevalence is expected to be accompanied by an increase in
the occurrence of proteinuria. However, the findings of this and other studies revealed some
stabilization of the prevalence of proteinuria over time [29,30]. One hypothesis to explain
this result could be the increased use of medications with antiproteinuric properties that
are freely provided by the Government in Brazil (angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers), since the study site is a teaching hospital and therefore
more likely to adhere to clinical protocols and therapeutic guidelines. Unfortunately,
information on the use of medications and comorbidities of the participants in this study
was not available. Therefore, in this study, the significant increase in the prevalence of
patients in the high- and very-high-risk categories for CKD occurred predominantly due to
the increase in the prevalence of individuals with reduced eGFR.

Although Brazilian and international studies have reported the prevalence of
CKD [9,10,31,32], analyses of the disease’s incidence are scarce and primarily focus on
patients on maintenance dialysis [33]. In addition, several methodological issues make
comparisons between studies on the incidence of CKD challenging, such as the study’s
population, the lack of proteinuria assessments in most participants and the absence of
two eGFR measurements taken at least three months apart [34]. The incidence of CKD was
0.5-0.7% in studies conducted in the general population using the KDIGO definition (i.e.,
two or more measurements of eGFR < 60 mL/min or proteinuria with an interval of at
least 3 months between each biomarker measurement) [18,34,35]. In one of these studies,
when only a single eGFR measurement < 60 mL/min/1.73 m? was considered as CKD, the
incidence rose from 0.5% to 1.2% [35].

The higher incidence of CKD observed in our study is most likely related to the
study population (patients from a tertiary care hospital, older age, and higher bur-
den of comorbidities). However, it should be noted that we used only a single eGFR
measurement < 60 mL/min/1.73 m? as the definition of CKD. When CKD was considered
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only in individuals with two or more measurements of reduced eGFR, the cumulative
incidence dropped from 22% to 12% (Table S4).

The occurrence of new cases of patients with reduced eGFR in our study was greater in
females and older age groups, which is consistent with the results of previous studies [36].
Some reasons that could explain the sex difference in CKD incidence are the greater life
expectancy, lower mortality, lower nephron mass and greater chance of testing in females
than in males [36,37]. Advanced age is widely recognized as a risk factor for CKD because
of the higher prevalence of hypertension and diabetes and the length of exposure of the
kidneys to these and other aggressive factors [38].

This study has limitations that must be acknowledged. First, the retrospective design
and unavailability of information on comorbidities, baseline cardiac diagnosis and med-
ication use of the patients did not allow us to generate more detailed results regarding
temporal changes in eGFR and albuminuria. Second, even though all adults with CVD are
at risk for CKD and should therefore be frequently screened for this condition, individuals
with sCR and UACR measurements may have a higher disease burden than those who
did not undergo these tests. To partially mitigate the potential for overestimating the
prevalence of CKD in this study, we excluded tests performed more than once a year,
retaining the lowest sCR and UACR values. Third, it was not possible to use two eGFR
measurements with an interval of three months or more to better define CKD (according
to the KDIGO guidelines) because approximately 75% of the patients underwent this test
only once a year. However, the single measurement of sCR, with or without testing for
proteinuria, has been the predominant method of defining CKD in epidemiological studies
with large numbers of participants [7-10]. Even after excluding repeated tests and retaining
the better (lower) results for sCR and UACR, we cannot completely rule out the inclusion
of cases of transient community-acquired acute kidney injury and the overestimation of the
prevalence of CKD in our population. Fourth, no CKD marker other than sCR was used
to define kidney disease because the UACR was not measured in approximately 55% of
the patients. Previous studies have shown that individuals tested for proteinuria are older
and have a greater burden of comorbidities than those not tested [10]; thus, the inclusion of
patients with UACR measurements could overestimate the prevalence of CKD. Finally, the
study was conducted in a single center, i.e., a tertiary referral hospital in cardiology, linked
to the Public Health System. Nevertheless, given the large number of patients treated at
this medical service, its central location, and easy accessibility in the urban area, it is likely
that the results found correspond to what is observed in the population of patients with
heart disease in Sao Paulo during this period.

5. Conclusions

This study utilized data from laboratory databases over a decade, including more
than 20,000 patients each year. To our knowledge, this study is the first in Brazil to
evaluate temporal variations in the prevalence of CKD in patients with heart disease
and represents one of the largest international studies on this topic. The specificity of the
studied population is relevant because both CKD and CVD, as chronic conditions, are global
priorities in the field of public health. The roughly 50% increase in the laboratory-based
CKD prevalence over 10 years underscores the need for healthcare services to adapt to
managing a population with growing complexity and a heightened risk of requiring KRT.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/epidemiologia7030087/s1, Table S1: Number and proportion of new
patients with serum creatinine measurements each year; Table S2: Incidence of CKD according to
sex; Table S3: Incidence of CKD according to age group; Table S4: Cumulative incidence of CKD
according to the methodology adopted for defining new cases; Figure S1: Trends in the prevalence of
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reduced eGFR (<60 mL/min/1.73 m?), excluding the year 2020 (COVID-19 pandemic). (a) Crude
prevalence; (b) age- and sex-adjusted prevalence.
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