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ABSTRACT

Objectives This study estimates the prevalence of chronic
kidney disease (CKD) among Chilean adults and examines
its associations with sociodemographic characteristics,
health behaviours and comorbidities.

Design Analysis of cross-sectional data from the two
most recent large nationally representative Chilean Health
Surveys (Encuesta Nacional de Salud, ENS) 20092010
and 2016-2017.

Participants Adults aged 18+ years with serum creatine
data (ENS 2009-2010: n=4583; ENS 2016-2017:
n=5084).

Primary and secondary outcome measures Reduced
kidney function (CKD stages 3a-5) based on the estimated
glomerular filtration rate (eGFR <60 mL/min/1.73 m?) was
the primary outcome measure. Using the urine albumin-
to-creatinine ratio (ACR >30mg/g), increased albuminuria
was ascertained among adults aged 40+ years with
diabetes and/or hypertension. Both outcomes were
analysed using logistic regression with results summarised
using OR. CKD prevalence (stages 1-5) among adults
aged 40+ years was estimated including participants

with an eGFR of >60 mL/min/1.73 m? but with increased
albuminuria (stages 1-2).

Results Overall, 3.2% (95% Cl: 2.4% to 3.8%) of adults
aged 18+ inENS 2016-2017 had reduced kidney function.
After full adjustment, participants with hypertension

(OR: 2.37; 95%Cl: 1.19 to 4.74) and those with diabetes
(OR: 1.66; 95% Cl: 1.03 to 2.66) had significantly higher
odds of reduced kidney function. In ENS 2016-2017,
15.5% (13.5% to 17.8%) of adults aged 40+ years with
diabetes and/or hypertension had increased albuminuria.
Being obese versus normal-weight (OR: 1.66; 95% ClI:
1.08 to 2.54) and having both diabetes and hypertension
versus having diabetes alone (OR: 2.30; 95% Cl: 1.34 to
3.95) were significantly associated with higher odds of
increased albuminuria in fully-adjusted analyses. At least
15.4% of adults aged 40+ years in ENS 2016-2017 had
CKD (stages 1-5), including the 9.6% of adults at CKD
stages 1-2.

Conclusions Prevention strategies and Chilean guidelines
should consider the high percentage of adults aged 40
years and older at CKD stages 1-2.

. Shaun Scholes

.! Elena Pizzo,? Melanie Paccot,®

Strengths and limitations of this study

» Data were from large and nationally representative
Chilean Health Surveys.

» Chronic kidney disease was ascertained using both
the estimated glomerular filtration rate and albumin-
uria in people aged 40+ yearsto include all stages
of the disease.

» Albuminuria data were available from only a sub-
sample of participants (those with diabetes and/or
hypertension).

» Relying on single-point-in-time measurements of
serum creatinine and/or albuminuria might induce
some bias to the results.

» The observational nature of this study means
that only associations between variables can be
assessed.

INTRODUCTION

Chronic kidney disease (CKD) is a leading
global public health problem,l_3 with a
substantial burden on healthcare systems,
decreased quality of life* and poor prog-
nosis for patients. CKD is defined as reduced
kidney function shown by glomerular filtra-
tion rate (GFR) of <60mL/min/1.73m?
(based on measured serum creatinine values)
and/or markers of kidney damage (eg, albu-
minuria as indicated by increased albumin-to-
creatinine ratio (ACR), that measures excess
albumin excretion in the urine), of at least
3months duration, regardless of the under-
lying cause.” > Evidence recently published
suggests that the prevalence of CKD in the
general population is increasing worldwide,’
in part due to population ageing and increases
in the prevalence of comorbid conditions for
CKD such as hypertension, diabetes mellitus
and obesity." However, other studies in
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high-income countries such as the UK have shown stagna-
tion and even falling prevalence over time.”

The natural history of CKD is worsening of kidney func-
tion with time. Among the most important complications
of CKD are the development of acute kidney failure,
progression to end-stage kidney disease (ESKD), and
onset of cardiovascular disease (CVD).'® While CKD is a
precursor to ESKD, CKD patients are between five and 10
times more likely to die prematurely than to progress to
ESKD:” this is largely attributable to death from CVD.**?

In Chile, much attention has been paid to patients with
ESKD, who are in need of renal replacement treatment
(RRT) such as dialysis or renal transplant, with well-
documented registries of the population being treated
under these regimes.'”"* These registers have shown a
significant increase in the use of dialysis, with more than
20000 individuals having dialysis in 2017." However,
there is insufficient evidence in Chile on individuals at
the earlier stages of the disease.

International studies suggest that given the trends
and natural history of CKD,"” there is a significantly
higher prevalence of CKD at the earlier stages, affecting
around 35% of individuals aged 70 years and over,* with
a high burden for healthcare systems. Moreover, there
is evidence of increases in the comorbidities for CKD in
the Chilean population, such as hypertension, diabetes
mellitus and obesity,'*'® therefore suggesting a probable
increase in the current and/or future prevalence of CKD.
Although most studies in Chile to date have estimated
the economic burden of RRT for ESKD, the increase in
healthcare resource utilisation for the earlier stages of
CKD is also significant,'” namely an increase in the use of
emergency departments and outpatient visits, hospitalisa-
tion, medical expenditure and pharmacy costs,'” '® with
increasing costs as the disease progresses.'

The limited data on CKD prevalence and its distribu-
tion across population subgroups is an important gap in
the evidence, that impedes effective decision-making in
the healthcare sector. Therefore, it is important to study
both the early and end-stages of CKD in the general
population (ie, not just those patients who are known to
the Chilean healthcare system), in order to have accurate
information to help guide strategies for prevention, diag-
nosis and treatment of CKD in Chile. Using data from
the two most recent Chilean National Health Surveys
(Encuesta Nacional de Salud, ENS) 2009-2010 and 2016—
2017, this study estimates the prevalence of CKD and
examines its associations with sociodemographic charac-
teristics, health behaviours and comorbidities.

METHODS

Study population and data collection

The sampling design and methods of data collection of
the ENS 2009-2010 and 2016-2017 have been reported
elsewhere, in detail in Spanish'* " and in summary in
English." Both surveys were cross-sectional study designs,
with a new sample selected each time representative of

the adult Chilean population at national, regional and
rural/urban levels. Both were complex random samples,
using multistage, stratified cluster probability sampling of
households, based on the 2002 Chilean National Census. '
Participants aged 17 years and older completed a face-
to-face interview to provide information on self-reported
health, household characteristics, socioeconomic posi-
tion (SEP) including years spent in full-time education,
health behaviours and living conditions (ENS 2009-2010:
n=5293; ENS 2016-2017: n=6233).

In the second stage, anthropometric measurements
(including height and weight), reported information
on diagnosed conditions, measured blood pressure and
biological samples (blood and urine) were collected by
trained nurses (ENS 2009-2010: n=4956; ENS 2016-2017:
n=5451). Kidney function was evaluated by measuring
blood creatinine using the Jaffé kinetic method trace-
able to isotope dilution-mass spectrometry (IDMS) to
calculate the estimated glomerular filtration rate (eGFR).
Valid data on the eGFR was available for the majority
of participants aged 18+ assessed at the second stage by
trained nurses (ENS 2009-2010: n=4583; ENS 2016-2017:
n=5084). Although urine samples were collected from all
consenting participants, urinary analyses to determine
albuminuria were performed only in the subsample of
individuals classed as having diabetes mellitus (hereafter
referred to as diabetes) and/or hypertension (both vari-
ables self-reported doctor-diagnosed or identified from
the survey measurements) (ENS 2009-2010: n=2523; ENS
2016-2017: n=3907).

The interview response rates from the eligible popula-
tion were 85% (ENS 2009-2010) and 67% (ENS 2016-
2017)."*'® Participants gave written consent prior to data
collection, measurements and biological sampling."

Definition of CKD

Given the cross-sectional nature of both health surveys,
repeated laboratory values for the same participant were
not possible, so for this study, kidney function (based on
serum-creatinine eGFR), and a marker of kidney damage
(based on albuminuria), were estimated relying on single-
pointin-time measurements of serum creatinine and,
where available, the urine ACR.

Presence of reduced kidney function using eGFR

Based on the serum creatinine values, the eGFR was
calculated for adults aged 18+ years using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation, as this has shown better accuracy compared
with the true GFR than the Modification of Diet in Renal
Disease (MDRD) equation.go The continuous values of
eGFR (mL/min/1.73 m®) were grouped into six cate-
gories based on the Kidney Disease Improving Global
Outcomes (KDIGO)® 2012 classification recommenda-
tions as follows:

» G1:>90mL/min/1.73 m? (normal or high).

» G2: 60-89mL/min/1.73 m? (mildly decreased).
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» G3a: 45-59mL/min/1.73 m? (mildly to moderately
decreased).
» G3b: 30-44mlL/min/1.73 m? (moderately to severely
decreased).
» G4:15-29mL/min/1.73 m? (severely decreased).
» GbhH:<15mL/min/1.73 m? (kidney failure).
As in similar studies, individuals with eGFR <60mL/
min/1.73 m® were classed as having reduced kidney func-
tion (or CKD stages G3a-Gb).

Presence of increased albuminuria using ACR

Based on the KDIGO classification recommendations,5
three albuminuria categories were based on the urine
ACR as follows:

» Al:<30mg/g (normal to mildly increased).

» A2:30-300mg/g (moderately increased).

» A3:>300mg/g (severely increased).

Increased albuminuria was defined asan ACR =30 mg/g.
Due to orthostatic albuminuria in adolescents and young
adults,21 and no information on whether women were
currently menstruating (which could lead to protein
contamination of the urine), only participants aged 40
years and over with survey-defined diabetes and/or hyper-
tension were considered for the analysis of albuminuria.

Presence of CKD using eGFR and/or ACR

The presence of CKD was ascertained using both
measures of kidney disease, to include CKD stages 1 and
2 into the analysis."” Adopting both measures was compli-
cated in the present study, however, due to ACR data
being available only for participants with survey-defined
diabetes and/or hypertension and to the reduced validity
of ACR as indicating CKD in participants below the age
of 40 years. Hence, we limited this analysis to participants
aged 40 years and older.

For participants with no ACR data available, the pres-
ence of CKD was ascertained using eGFR data alone (CKD
stages G3a—-G5).” For participants with diabetes and/
or hypertension, the presence of CKD was ascertained
using eGFR data (CKD stages G3a—Gb5) and/or ACR data
(increased albuminuria). Participants with increased
albuminuria but having ‘mildly decreased’, ‘normal’,
or ‘high’ kidney function (G1-G2) are classified in the
KDIGO guidelines as being in CKD stages 1 or 2 (corre-
sponding to A2 and A3, respectively). For the purposes of
clarity, the KDIGO recommendations used in this study
to estimate the prevalence of CKD by eGFR and albumin-
uria categories are set out in online supplementary table
S1 of the online supplementary appendix.

Demographics, SEP, health behaviours and comorbid
conditions

Age of participants was grouped into three categories:
18-44, 45-64 and 65+ years for the analysis of reduced
kidney function, and in two categories: 40-64, and 65+
years for the analysis of increased albuminuria and the
presence of CKD using eGFR and/or ACR. Years spent in
formal education was our chosen measure of SEP, grouped

as <8, 8-12 and >12 years.'* Smoking status at time of
interview was categorised as current smoker, ex-smoker
and non-smoker. Participants were classed as living in an
urban or rural area."” Survey-defined diabetes was classed
as fasting blood glucose 2126mg/dL (27.0mmol/L)
and/or self-report of medical diagnosis. Similarly,
survey-defined hypertension was classed as systolic blood
pressure 2140mm Hg or diastolic 290mm Hg and/or
self-report of medical diagnosis. Body mass index was
calculated as weight in kilogrammes (kg) divided by
height in metres squared (m?), classifying participants
into four groups: underweight (<18.5kg/m?), normal
weight (18.5-24.9kg/m?), overweight (25-29.9kg/m?)
and obese (=30 kg/m2) 22

Statistical analysis

Using descriptive analysis, we examined the characteris-
tics of the analytical samples (means and SD for contin-
uous variables, percentages for categorical variables).

Reduced kidney function

Using the eGFR data only, the distribution of the partic-
ipants across the six eGFR categories and the prevalence
of reduced kidney function were estimated for all adults
(aged 18 years and over) in both survey years. The pattern
of reduced kidney function by age was explored by calcu-
lating the mean age of the participants by eGFR category
and survey year. In addition, the prevalence of reduced
kidney function in each year was estimated by demo-
graphic factors, SEP, health behaviours and comorbidi-
ties. Underweight participants were excluded from the
statistical modelling due to small numbers and potential
confounding with ill-health. In multivariate analysis on
participants with complete data on all variables, gender-
adjusted and age-adjusted logistic regression models were
used to examine the relationships between the odds of
reduced kidney function and demographics, SEP, health
behaviours and comorbidities. As the associations did not
change over time (data not shown), the results reported
in this present study are taken from the multivariate anal-
ysis conducted on data pooled across the two survey years
to increase precision (a binary indicator for survey year
was included in the model). Only those variables that
were statistically significant (p<0.05) in the univariate
models were retained in the multivariate analyses.

Increased albuminuria

The same analytical strategies as described above were
repeated to examine albuminuria. A logistic regression
model was used to explore the relationships between
increased albuminuria and demographics, SEP, health
behaviours and comorbidities. For the reasons discussed
earlier, this analysis was conducted only on participants
aged 40+ yearsold with diabetes, hypertension or both.
An additional three-category variable capturing comor-
bidity (diabetes only, hypertension only, diabetes and
hypertension) was included in the regression model.
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CKD stages 1-5

In a final analysis, we examined the distribution of the
six eGFR and three albuminuria categories among
participants aged 40 years and older.” Using this cross-
classification, the presence of CKD stages 1 and 2 was
estimated using both measures of kidney disease which
identified participants with diabetes and/or hyperten-
sion who had an eGFR of >60 mL/min/1.73 m? but with
increased albuminuria.

All analyses were adjusted for the complex survey design
of the ENS and were performed using Stata V.15.1. Statis-
tical significance was set at p<0.05 for two-tailed tests, with
no adjustment for multiple comparisons.

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting or dissemination plans of our
research (which involves secondary analysis of existing
data).

RESULTS

The distribution of the analytical sample across the key
variables is shown in online supplementary table S2 of
the online supplementary appendix. The key variables
showed little change over time, with the exception of
a decrease in current smoking and increasing obesity,
diabetes and hypertension.

Reduced kidney function (CKD stages G3a—G5)

Table 1 shows the distribution of the participants aged
18+ years across the six eGFR categories by survey year.
The prevalence of reduced kidney function based on
eGFR data alone was 3.2% (95% CI: 2.6% to 4.0%) in
ENS 2016-2017. There was no statistically significant

difference (p=0.12) from the 2.5% (1.9% to 3.2%) preva-
lence in ENS 2009-2010 (table 1).

The prevalence of reduced kidney function by demo-
graphics, SEP, health behaviours and presence of comor-
bidities in each survey year is shown in table 2. Patterns of
association were similar in each survey. Reduced kidney
function prevalence, as expected, increased with age, with
prevalence among those aged 65+ years reaching 15.0%
(95% CI: 11.5% to 19.2%) and 19.1% (15.3 to 23.6%)
in 2009-2010 and 2016-2017, respectively. For males and
females, the prevalence of stages G3a—Gb was higher in
ENS 2016-2017 than in ENS 2009-2010, but the 95% Cls
overlapped. Stages G3a—Gb prevalence was higher among
participants with less than 8 years of formal education
and was higher among those with diabetes and among
those with hypertension.

The mean age of participants aged 18 years and older
across the six eGFR categories in both ENS followed
an inverted U shape, as shown in figure 1. Mean age
increased as kidney function decreased until eGFR
30-45mL,/min/1.73 mQ, but was then lower at stages G4
(severely decreased kidney function) and G5 (kidney
failure) (online supplementary table S3 showing the
mean and 95% CI values).

Figure 2A shows the results from the multivariable
logistic regression model of reduced kidney function
(stages G3a—Gb) among all participants aged 18+ years.
After adjustment for age and gender, participants with
hypertension (OR: 2.37; 95%CIL: 1.19 to 4.74) and
participants with diabetes (OR: 1.66; 1.03 to 2.66) had
significantly higher odds of reduced kidney function.
Educational level and living in rural areas (vs urban) did
not show any association with reduced kidney function in
fully-adjusted analyses.

Table 1 Prevalence of reduced kidney function (based on eGFR values only) in the Chilean population aged 18 years and
older
Prevalence

eGFR{t ENS 2009-2010 ENS 2016-2017
CKD stage* (mL/min/1.73 m? N % (95% Cl) N % (95% Cl)
Stage G1% >90 3293 77.6.0 (75.5 to 79.6) 3511 77.9 (75.9 t0 79.8)
Stage G2% 60-89 1104 19.9 (18.0 t0 21.9) 1301 18.8 (17.1 t0 20.8)
Stage G3a 45-59 122 1.6 (1.210 2.3) 176 2.1 (1.6 t0 2.8)
Stage G3b 30-44 47 0.5 (0.3 t0 0.8) 65 0.6 (0.4 to 0.8)
Stage G4 15-29 13 0.2 (0.1 to 0.4) 20 0.4 (0.2 t0 0.8)
Stage G5 <15 4 0.1 (0.0 to 0.4) 11 0.1 (0.1 to 0.4)
CKD stages G3a-G5 186 25(1.9t0 3.2 272 3.2 (2.6 t0 4.0)

*Presence of reduced kidney function or CKD (stages G3a-G5) indicated by eGFR <60 mL/min/1.73 m? in accordance with KDIGO
guidelines:® shown by cells in dark grey shading. G2: mildly decreased eGFR; G3a: mildly to moderately decreased; G3b: moderately to

severely decreased; G4: severely decreased and G5: kidney failure.

teGFR (measured in mL/min/1.73 m?) determined by CKD-EPI equation.

FStages G1 and G2 CKD are diagnosed by the presence of raised albuminuria in the presence of normal to high eGFR. Thus, for the
purposes of this table, using eGFR values only, these individuals have been classified together with the majority with no CKD.

CKOD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate;
ENS, Encuesta Nacional de Salud; KDIGO, Kidney Disease Improving Global Outcomes.
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Table 2 Prevalence of reduced kidney function by
demographics, socioeconomic position, health behaviours
and comorbidities in Chilean adults 18 years or over

ENS 2009-2010

ENS 2016-2017

CKD*

CKD*

% (95% Cl)

% (95% CI)

Age

18-44 0.1 (0.0 to 0.3) 0.3 (0.1 t0 0.8)
45-64 1.9 (1.0to 3.4) 1.3 (0.7 to 2.3)
65+ 15.0(11.5t0 19.2) 19.1 (15.3 to 23.6)
Gender

Male 2.0(1.3t03.1) 3.3 (2.3104.6)
Female 2.9(2.1t03.9) 3.2(2.41t04.3)
Education

<8 years 5.4 (4.1 t0 7.3) 10.8 (8.1 to 14.3)
8-12 years 1.9(1.3t02.9) 1.9 (1.3t0 2.6)
>12 years 1.5 (0.6 to 3.4) 1.3 (0.6 to 2.7)
Residence

Urban 2.4(1.8t03.2) 3.0 (2.410 3.9)
Rural 3.0(1.7t05.2) 4.8(3.2t07.1)
Smoking

Current 1.1(0.6t02.2) 0.6 (0.2t0 1.4)
Ex-smoker 3.2 (2.11t05.0) 4.9 (3.510 6.8)
Never 3.4 (2.3105.0) 4.4 (3.21t05.9)
BMIt

Underweight 9.1 (2.31029.9) 11.7 (3.3 t0 34.1)
Normal 2.0(1.2t03.2) 2.7 (1.7to 4.1)
Overweight 2.4 (1.5103.9) 29(1.9t04.4)
Obese 2.6(1.6to4.1) 3.5 (2.51t04.8)
Diabetest

No 1.8 (1.4 to 2.5) 2.5(1.9to 3.4)
Yes 7.6 (4.41012.8) 8.1 (56.7to 11.4)
Hypertension§

No 1.0(0.6t0 1.7) 0.6 (0.4 t0 1.0)
Yes 6.3 (4.7 to 8.4) 9.6 (7.6 to 12.1)

*eGFR (measured in mL/min/1.73 m? determined by CKD-EPI
equation. Presence of reduced kidney function or CKD (stages
G3a-G5) considered when eGFR <60 mL/min/1.73 m?.
tUnderweight: BMI <18.5kg/m?; normal weight: BMI 18.5-
242.9 kg/m?; overweight: BMI 25-29.9 kg/m?; obese: BMI >30kg/

m

iDiabetes: fasting blood glucose >126 mg/dL (>7.0 mmol/L) and/
or self-report of medical diagnosis.
§Hypertension: SBP >140 mm Hg and/or DBP >90 mm Hg, and/
or self-report of medical diagnosis.
BMI, body mass index; CKD-EPI, Chronic Kidney Disease
Epidemiology Collaboration; DBP, diastolic blood pressure;
eGFR, estimated glomerular filtration rate; ENS, Encuesta
Nacional de Salud; SBP, systolic blood pressure.

Increased albuminuria (ACR >30mg/g)
The estimates and accompanying 95% CIs for the pres-
ence of increased albuminuria among adults aged 40

Mean age

80+

704

60

50

40

Al
>90

60-90 45-60 30-45 15-29 <15
| 2000 [ 2016 ]

Figure 1 Mean age (95% Cls) by eGFR values for
participants aged 18 years and over of ENS 2009-2010
and ENS 2016-2017. eGFR (measured in mL/min/1.73 m?
determined by CKD-EPI equation. Presence of reduced
kidney function (CKD stages G3a-Gb5) considered as eGFR
<60mL/min/1.73 m?. Categories based on definition by
KDIGO.® CKD-EPI, Chronic Kidney Disease Epidemiology
Collaboration; eGFR, estimated glomerular filtration rate;
ENS, Encuesta Nacional de Salud; KDIGO, Kidney Disease
Improving Global Outcomes.

years and over in whom it was measured are shown in
online supplementary table S4 of the online supple-
mentary appendix. Among participants aged 40+ years
with measured ACR (and so had diabetes and/or hyper-
tension), the prevalence of increased albuminuria was
18.3% (15.8% to 21.2%) and 15.5% (13.5% to 17.8%)
in ENS 2009-2010 and ENS 2016-2017, respectively. The
pattern by gender showed some difference over time,
being higher for men in ENS 2009-2010 (20.0% in men
vs 16.8% among women) but lower in ENS 2016-2017
(12.3% in men, 18.4% among women) (table 3).

Figure 2B shows the results from the multivariable
logistic regression model of increased albuminuria. After
adjusting for age and gender, being obese versus normal
weight (OR: 1.66; 95%CI: 1.08 to 2.54) and having
diabetes and hypertension versus having diabetes alone
(OR: 2.30; 95% CI: 1.34 to 3.95) were significantly associ-
ated with higher odds of increased albuminuria. Partici-
pants with higher levels of formal education (compared
with <8 years) had lower odds of increased albuminuria,
although the results did not attain statistical significance
(8-12 years: OR: 0.74; 95% CI: 0.54 to 1.03; >12 years: OR:
0.72; 95% CI: 0.44 to 1.19).

CKD (stages 1-5)

Table 4 shows the distribution of the six eGFR and three
albuminuria categories among ENS participants aged
40+ years. Prevalence of CKD based on eGFR data (stages
G3a-Gb) was 4.4% in ENS 2009-2010 and 5.8% in ENS
2016-2017 (shown in table 4 by the row percentages).
Prevalence of increased albuminuria based on ACR data
among those with diabetes and/or hypertension was
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Figure 2 (A) Association between demographics, health
behaviours, comorbid conditions and survey year and
reduced kidney function (CKD stages G3a-Gb5). Reference
categories: age: 55-64 years; gender: male; educational
level:<8 years; living in urban area; current smoker; survey
year: 2009-2010. Estimate not shown for persons 18-54

due to the very low prevalence of reduced kidney function

at younger ages. (B) Association between demographics,
health behaviours, comorbid conditions and survey year

and increased albuminuria (A2-A3). Reference categories:
age: 40-49 years old; gender: male; educational level:<8
years; living in urban area; BMI category: normal (18.5-25kg/
m?); survey-defined diabetes only; survey year: 2009-2010.
Variables not significant at 5% level in individual models were
dropped from the final model. BMI, body mass index; CKD,
chronic kidney disease; ENS, Encuesta Nacional de Salud.

12.0% in ENS 2009-2010 and 11.7% in ENS 2016-2017
(shown in table 4 by the column percentages).

The prevalence of CKD in adults aged 40 years and
older, based on eGFR and albuminuria criteria (CKD
stages 1-5), was 14.8% in ENS 2009-2010 and 15.4% in
ENS 2016-2017. Based on the ENS 2009-2010, those with
CKD comprised the 10.4% with increased albuminuria
but mildly decreased, normal or high eGFR (5.6% at CKD
stage 1; 4.8% at CKD stage 2) and the 4.4% at CKD stages
3a-5. Similarly, based on the ENS 2016-2017, those with
CKD comprised the 9.6% with increased albuminuria but

Table 3 Prevalence of increased albuminuria by
demographics, socioeconomic position, health behaviours

and comorbidities

ENS 2009-2010

ENS 2016-2017

Increased
albuminuria*

Increased
albuminuria*

% (95% CI)

% (95% CI)

Age

40-64

65+
Gender
Male
Female
Education
<8 years
8-12 years
>12 years
Residence
Urban
Rural
Smoking
Current
Ex-smoker
Never
BMIt
Underweight
Normal
Overweight
Obese
Diabetest
No

Yes
Hypertension§
No

Yes

17.0 (13.1 t0 21.7)
21.9 (17.9 to 26.5)

20.0 (16.0 to 24.7)
16.8 (13.7 to 20.5)

24.1 (19.8 to0 29.1)
14.7 (11.6 to 18.4)
17.2 (10.8 to 26.2)

17.7 (15.0 to 20.8)
22.0 (15.5 to 30.2)

17.5 (13.0 to 23.0)
21.4 (16.1 to 28.0)
17.2 (1.7 to 21.4)

17.7 (4.5 t0 49.3)
14.6 (9.7 to 21.5)
15.6 (12.2 to 19.6)
22.7 (18.0 to 28.1)

15.9 (13.2 to 19.1)
27.7 (21.2 t0 35.2)

9.4 (6.8 t0 12.8)
23.0 (19.5 to 26.9)

11.2 (8.9 to 14.0)
26.4 (22.2 to 31.1)

12.3 (9.9 to 15.2)
18.4 (15.4 t0 21.9)

21.3 (17.9 t0 25.3)
14.1 (11.0 t0 17.8)
10.1 (6.3 to 15.7)

15.3 (13.1t0 17.8)
17.0 (13.0 to 22.0)

14.2 (10.0 to 19.8)
15.5 (12.0 to 19.8)
16.4 (13.3 t0 20.0)

15.9 (3.5 to 49.3)
14.8 (10.3 t0 20.7)
11.1 (8.6 to 14.1)
19.4 (15.8 10 23.7)

11.3 (9.2 to 13.8)
29.2 (23.6 to 35.6)

6.2 (4.3 10 8.9)
22.5 (19.4 to 25.9)

*Albuminuria results limited to participants aged 40+ with
diabetes and/or hypertension (diagnosed or survey-detected).
Albuminuria determined by the urine albumin-creatinine ratio
(ACR, measured in mg/g). Increased albuminuria (A2-A3)
considered when ACR >30mg/g.
tUnderweight: BMI <18.5kg/m?; normal weight: BMI 18.5-
242.9 kg/m?; overweight: BMI 25-29.9 kg/m?; obese: BMI >30kg/

m

fDiabetes: fasting blood glucose >126 mg/dL (>7.0 mmol/L) and/
or self-report of medical diagnosis.
§Hypertension: SBP >140 mm Hg and/or DBP >90 mm Hg, and/
or self-report of medical diagnosis.
BMI, body mass index; DBP, diastolic blood pressure; ENS,
Encuesta Nacional de Salud; SBP, systolic blood pressure.

mildly decreased, normal or high eGFR (5.2% at CKD
stage 1; 4.4% at CKD stage 2) and the 5.8% at CKD stages

3a-b.
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DISCUSSION

In this representative sample of the Chilean population,
the prevalence of reduced kidney function estimated
by eGFR <60mL/min/1.73m? (CKD stages G3a-G5) in
adults 18 years and older was 3.2% in the most recent
survey (ENS 2016-2017). There is some difference from
the prevalence reported in other developing and devel-
oped countries.' 2*°##*® Chile, as a developing country,
has a younger population structure compared with devel-
oped countries such as the UK, therefore we would expect
a lower crude prevalence of CKD.*® CKD prevalence in
England (among adults aged 16+ years) using the same
definition was 5.2% based on Health Survey for England
2009-2010 data.” Additionally, there is high heteroge-
neity between countries in the prevalence of comorbid
conditions for CKD such as diabetes and hypertension,
and other demographic and socioeconomic factors such
as age, diet, educational level, geography, pollution
and climate,’ *® so differences in prevalence should be
expected. Evidence on gender differences in CKD prev-
alence is inconclusive, with some studies showing higher
prevalence in women—as women tend to develop reduced
kidney function at an earlier age than men*°® while others
show higher prevalence in men.?”* Our analyses suggest
similar levels of CKD among men and women in Chile
(p=0.52).

Both hypertension and diabetes were significantly asso-
ciated with higher odds of CKD in multivariable regression
models, supporting the evidence that these are important
comorbidities for reduced kidney function. Diabetes can
lead to several micro-vascular and macro-vascular diseases,
such as CVD and nephropathy, which contribute signifi-
cantly to the higher mortality of this group of individ-
uals,” as well as having a higher risk of developing CKD.*®
Moreover, there are several studies showing that diabetes
is associated with the development of increased albumin-
uria and faster progression of CKD.*®* Eyidence from
other Latin American countries™ > suggests that diabetes
and worse glycaemic control are significant predictors for
increased albuminuria, faster progression of CKD and
need for RRT. On the other hand, a meta-analysis which
analysed the risk factors for development and progression
of CKD, showed that diabetes was marginally predictive
of progression from late-stage CKD to ESKD (HR: 1.16,
95% CI: 0.98 to 1.38; p=0.08).*®

Socioeconomic factors may influence both direct
and indirect effects on CKD and its complications.33 3
Although our analyses showed a socioeconomic gradient
in the crude prevalence of reduced kidney function, with
higher prevalence among those with fewer years spent
in formal education, the educational differences did not
attain significance in the fully-adjusted models. Given the
marked social and economic inequalities in Chile,” *
and the evidence that social environment and economic
conditions are important elements in the pathway of
CKD, from the higher prevalence of risk factors to the
development and complications of CKD and ESKD,? %
our findings suggest that the comorbid conditions that

we adjusted for in our regression analysis are possible
mediators of the SEP and CKD relationship. The social
gradient, as captured in the Chilean health surveys by
years spent in formal education, is marked in many of
the comorbidities for CKD such as diabetes, hypertension
and obesity."*'°*® Further research is needed using cohort
studies in the Chilean population to determine if educa-
tion or other indicators of SEP are significant predictors
of CKD, progression to ESKD and premature mortality™
and what the mechanisms are.

Although the prevalence of CKD based on eGFR data
was low compared with other countries, our results using
both estimates of eGFR and albuminuria showed that at
least 9.6% of adults aged 40 years and over in ENS 2016—
2017 had normal kidney function but increased albumin-
uria, thus considered as CKD stage 1 or 2 by the KDIGO
definition.” As albuminuria was not measured in partic-
ipants without diabetes or hypertension, this estimate
must be treated with caution due to the potential under-
estimation of actual prevalence.

The multivariate analyses showed that being obese
(vs normal weight) and having both hypertension and
diabetes (compared with diabetes alone) were signifi-
cantly and independently associated with increased albu-
minuria. Although these results should be treated with
caution for the reason described above, it is important to
take our findings into consideration and explore them
further, given the high prevalence of diabetes, hyper-
tension and obesity in the Chilean population, as these
conditions are associated with a higher risk of increased
albuminuria, with increased albuminuria being an inde-
pendent risk factor for the progression of CKD and
premature mortality.® ? #*

The inverted-U shape for the age pattern of reduced
kidney function (ascertained using eGFR) suggests
increased mortality rate in individuals with CKD as the
condition progresses to the more advanced stages. This
result can probably be explained by the increased all-cause
and cardiovascular-mortality of individuals with CKD as
their eGFR decreases and levels of albuminuria increase,
shown in several studies.” ®***” Cardiovascular mortality
rates can be more than 50% higher in CKD patients, and
this risk increases further in those with increased albu-
minuria.” In addition to the higher mortality rates at the
more advanced stages of CKD, mortality is higher in the
older population compared with younger individuals.’
This could explain why in Chile, long-term survivors to
the more advanced CKD stages are younger compared
with individuals at earlier stages. To further investigate
this hypothesis, a cohort study of Chilean patients must
be conducted to fill the gap in evidence on the incidence
and progression of CKD, including follow-up to death.

Our study has several limitations. The use of estimated
instead of true GFR may have introduced bias due to the
variations in levels of serum creatinine by differences
in muscle mass, diet and other environmental factors
not related to kidney disease, or through confounding
by interactions with variables such as age or weight that
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are included in the CKD-EPI equation used to ascertain
eGFR.°* Although the introduction of IDMS calibration
for serum creatinine assays has improved the variability
of serum creatinine readings, and the use of CKD-EPI
instead of MDRD?** *® has improved precision, there are
still issues with regard to using eGFR to assess CKD prev-
alence. Moreover, there is still an ongoing debate as to
whether eGFR precisely estimates true GFR for persons
with diabetes,”™ * obesity’ * and in other populations
with different racial, ethnic and regional variations in
muscle mass and diet outside North America, Europe
and Australia.®” Given the high prevalence of diabetes
and obesity in Chile, and due to the racial and ethnic
differences, the results from this study should be treated
with caution. Additionally, relying on single-point-in-time
measurements to measure eGFR may have introduced
bias to the results, with possible underestimation and
overestimation of CKD in younger and older populations,
respectively,’*! and an underestimation of the differences
between CKD stages.*' Future studies looking to obtain
more precise estimates may need to consider including
repeated laboratory measurements of serum creatinine,
urine albumin and creatinine to confirm chronicity of the
disease and to measure albuminuria among all adults.

CONCLUSION AND POLICY IMPLICATIONS

Our results show that based on the KDIGO definition for
CKD, the prevalence of stages 1-5 in Chilean adults 40
years and older is 15.4%. Our study provides the distri-
bution by CKD stage in this population, showing that
9.6% have increased albuminuria but mildly decreased,
normal or high eGFR (stages 1 and 2) and that 5.8% have
CKD stages 3a-5. Although the prevalence of reduced
kidney function has not increased significantly between
2009-2010 and 2016-2017, there is a concerning high
percentage of adults 40 years and over with CKD stages 1
and 2 that should be considered in prevention strategies
and Chilean guidelines. The information from our study
may be useful to clinicians, entities focused on planning
prevention strategies and healthcare management and
decision and policy-makers.
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