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Introduction: The magnitude of chronic kidney disease (CKD) in Panama has yet to be described. We

investigated the association between sociodemographic and cardiovascular exposures with CKD in 2

Panamanian provinces. Further, we analyzed national trends of CKD mortality from 2001 to 2014.

Methods: Data were derived from Prevalencia de Factores de Riesgo de Enfermedad Cardiovascular

(PREFREC [Survey on Risk Factors Associated With Cardiovascular Disease]), a cross-sectional study

designed to analyze the prevalence of risk factors associated with cardiovascular disease. Biomarkers of

kidney function were measured in 3590 participants. CKD was defined as an estimated glomerular filtration

rate (eGFR) of <60 ml/min/1.73 m2 and/or albuminuria $30 mg/g creatinine. Odds ratios (ORs) with 95%

confidence intervals (CIs) for CKD were calculated using logistic regression. We calculated age-

standardized CKD mortality rates in the country using the National Mortality Register. Annual percent-

age change and 95% CIs were estimated to evaluate the trends over time.

Results: The prevalence of CKD was 12% (reduced eGFR: 3.3%; albuminuria; 9.9%). CKD was associated

with hypertension (OR: 1.8; 95% CI: 1.2�2.7), age 60 years or older (OR: 1.9; 95% CI: 1.2�2.9), and previous

myocardial infarction (OR: 2.4; 95% CI: 1.0�5.7), whereas monthly family income was inversely associated

with CKD (OR: 0.4; 95% CI: 0.1�0.9) (adjusted). A sustained increase in the trend of CKD mortality was

observed from 2001 to 2006, followed by a decreasing trend in subsequent years. Coclé province had the

highest adjusted mortality rate.

Discussion: CKD poses a significant health problem for Panama. Health inequalities and an increase

of cardiometabolic risk factors warrant robust epidemiological surveillance, improved diagnosis, and

treatment. Further national studies aimed to address geographical disparities are necessary.
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I
n Latin America, the prevalence of end-stage renal
disease (ESRD) has been growing by 6.8% annually,

and renal replacement therapy is increasing steadily.1,2

Furthermore, a recent study on global mortality
reported that chronic kidney disease (CKD) decreased
life expectancy, most notably in central Latin America.3

In addition to the traditional risk factors, emerging ev-
idence also suggested a nonconventional CKD etiology
in the region, termed “Mesoamerican nephropathy.”4

Panama is a country of >3.9 million inhabitants
located at the southernmost end of Central America.
It is divided into 10 provinces and 5 “Comarcas,”
which are geographically defined areas populated by
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various Amerindian groups. As reported by the
World Bank, Panama has been one of the fastest
growing economies over the past decade; yet, poverty
remains pervasive in rural areas, particularly in those
inhabited by the Amerindians.5 Moreover, its Gini
coefficient is 51.9, ranking it among the uppermost
unequal countries.6

In 2013, CKD escalated to the seventh leading cause
of years of life lost due to premature mortality
compared with 1990, when it ranked in the 17th
position.7 By 2009, Panama had one of the highest
age-standardized mortality rates (ASMRs) of CKD
in the region (12.3 per 100,000 population).8 Despite
these data, limited research has been undertaken
to assess the epidemiology of this disease. An additional
etiology that has contributed to mortality from CKD is
the renal sequelae that followed recovery from episodes
of acute diethylene glycol poisoning in 2006.9–11
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In 2011, a population-based study with a small
sample size (n ¼ 393) evaluated the prevalence of risk
factors associated with CKD among 3 communities in
the province of Coclé, which has the highest prevalence
of patients treated with hemodialysis. The study
reported an increasing north-to-south gradient of
biomarkers of kidney dysfunction.12

CKD portends great public health challenges for
Panama; therefore, a better understanding of CKD
epidemiology is urgently needed to generate evidence-
based health policies. The aim of this study was 2-fold:
(i) to investigate the association between sociodemo-
graphic and cardiovascular risk factors with CKD in a
population-based study in 2 Panamanian provinces, and
(ii) to analyze the mortality trends due to CKD during a
13-year period, using the National Mortality Register.
MATERIAL AND METHODS

PREFREC Study

The data were derived from the cross-sectional
descriptive Prevalencia de Factores de Riesgo de
Enfermedad Cardiovascular (PREFREC [Survey on Risk
Factors Associated With Cardiovascular Disease]) study,
which analyzed the risk factors associated with car-
diovascular disease (CVD) in Panama, but included only
the provinces of Panama and Colon. The study base
included citizens older than 18 years of age who resided
in private housing between October 2010 and January
2011. These 2 provinces, located in the transisthmian
zone where 60.4% of all Panamanians 18 years or older
reside, also houses 60% of the total population in the
country. Housing was sampled using a probabilistic and
randomized approach with a multivariate stratification
stage. As a first stage, census segments (according to the
national census for the 2000) were used as selection
strata, and samples were calculated separately for ur-
ban, rural, and indigenous land use areas. In the second
stage, primary sampling units (which consisted of 8�30
private occupied homes) were randomly selected and
were stratified according to the Administrative Political
Code of the Republic and then by population size. The
third stage stratified these units according to the edu-
cation level. A total of 3505 completed interviews were
expected by the end of the survey, which would
guarantee the maximum relative error for the average
estimates of the variables. Fifteen days before the
survey started, the population segments were visited
(prescreen procedure) to guarantee an adequate
response rate, and that participants would be fasting.
Up to a maximum of 2 members per household
were invited to participate, so that the potentially
nonresponding participant could be replaced by
another participant who belonged to the household at
Kidney International Reports (2017) 2, 1032–1041
the time of the visit. A total of 3590 participants agreed
to be enrolled, which included 1074 men (29.9%) and
2516 women (70.1%). The PREFREC study was
approved by the National Bioethics Committee of Pan-
ama. All participants signed an informed consent to be
enrolled in the study. A detailed description of the
study has been reported elsewhere.13,14

Briefly, the study participants were invited to
answer a questionnaire on sociodemographic informa-
tion, lifestyle, diet, medical history, and to participate
in a health screening in which anthropometric mea-
surements were recorded. Blood and urine samples
were obtained after overnight fasting and analyzed by
the Central Laboratory of the Gorgas Memorial Institute
for Health Studies.

For the present study, those women who reported to
be pregnant (n ¼ 47) were excluded, leaving 3543
study participants. Creatinine levels (serum and uri-
nary) and albuminuria were measured using Synchrom
Beckman Cx7. Creatinine measurement was calibrated
traceable to an isotope dilution mass spectrometry
reference method.

Definition of CKD

The CKD-Epidemiology Collaboration group (CKD-EPI)
equation was used to estimate the glomerular filtration
rate (eGFR).15 Reduced renal function was defined as an
eGFR of <60 ml/min/1.73 m2. Urinary albumin-to-
creatinine ratio (ACR; milligrams per gram creatinine)
was calculated. Study participants with an ACR >30
mg/g were considered to have albuminuria.

CKD was defined as an eGFR of <60 ml/min/1.73 m2

and/or albuminuria (ACR) $30 mg/g creatinine,
according to the Kidney Disease Improving Global
Outcomes guideline.16 A wide range of sociodemo-
graphic characteristics, established risk factors for
CKD, and biomarker variables were evaluated as
exposure of interest. Hypertension was defined as
treatment with antihypertensive drugs and/or systolic
blood pressure $140 mm Hg and a diastolic blood
pressure of$90 mm Hg, and/or self-reported diagnosis.
Diabetes mellitus was defined as fasting plasma
glucose $126 mg/dl, self-reported diagnosis, use of
antidiabetic medication, and/or a glycosylated hemo-
globin of $6.5. Smoking was categorized as current
versus former or never. Body mass index was calculated
as weight in kilograms divided by height in meters
squared, and obesity was defined as a body mass
index $30 kg/m2. Other variables evaluated were
hypercholesterolemia (total cholesterol $ 200 mg/dl or
receiving any lipid-lowering medication), physical
inactivity (individuals who reported <150 min/week of
physical activity, which was defined as any activity that
required energy expenditure under aerobic conditions,
1033
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such as sports and physical exercises), and family his-
tory of ESRD (yes/no). Previous myocardial infarction
(MI) was defined as having had aMI or angina diagnosed
by a physician. Sociodemographic variables, such as
monthly family income (MFI), were assessed according
to the following categories in US dollars (USD) (#$250,
$250�$300, $301�$600, $601�$999, $1000�$1200, and
>$1201). Years of education were assessed as a contin-
uous variable, whereas geographic area was coded as
urban, rural, and areas populated by indigenous groups.
Ethnicity (Mestizo, Afro-American, Amerindian,White-
Caucasian, Asian, and others) was assessed according to
self-reported data.

Statistical Analysis

Prevalence estimates and comparisons were weighted
to represent the total adult population of Panama and
Colon. Data from the Panamanian Population Sampling
Census in 2010 were used as the standard population.
Categorical variables are reported as proportions, whereas
continuous variables are presented as means � SD.
Age-adjusted prevalence for the indicators of kidney
damage was calculated in relation to the total population
of Panama and Colon in 2010.

We analyzed the association between indicators of
kidney damage and relevant covariates using uncon-
ditional logistic regression models. Odds ratios (ORs)
with 95% confidence intervals (CIs) were calculated.
Single adjustments for covariates were performed, as
well as adjustments for combination of covariates, to
evaluate their impact on the results. We presented
crude and adjusted ORs (adjusted by sociodemographic
factors, and traditional CVD and CKD risk factors).

National Mortality Registry

We conducted a registry-based study of mortality due
to CKD in Panama, from the years 2001 to 2014. Data
were obtained from the Department of Vital Statistics of
the National Institute of Statistic and Census, the au-
thority responsible for the compilation and codification
of deaths.

The National Mortality Registry lists all deaths re-
ported either from the Civil Registry or the Institute of
Legal Medicine (deaths due to external causes).
Recently, a global study that assessed the performance
of civil registration and vital statistics systems reported
the quality of Panamanian data as high.17

The definition of the underlying cause of death was
recorded according to the International Classification of
Disease-10th Revision (ICD-10). For the present study, a
combined endpoint of ICD-10 codes N18 (chronic kid-
ney disease) and N19 (unspecified kidney failures) was
used. In addition, we performed an analysis in which
acute kidney injury (AKI) (ICD-10 code N17) was
evaluated as part of the outcome. Our hypothesis was
1034
that deaths due to intoxication that occurred in 2006
might have been reported as “acute renal failure syn-
drome.” Moreover, AKI is a major risk factor for CKD
and vice versa, and has been identified as a long-term
risk factor for ESRD and mortality.18

To calculate age-adjusted standardized mortality, the
most recent World Health Organization world standard
population was used as reference.19 Anonymous sec-
ondary data were used; therefore, no ethics approval
was required.

Statistical Analysis

For the trend analysis, we computed ASMRs by sex.
ASMRs were calculated as the number of deaths per
100,000, using the mortality data and the estimates and
projections of the total population of Panama to July
1st for each year (based on the last census conducted in
2010). These specific mortality rates (MRs) were
standardized for 5-year age groups using the direct
method. Joinpoint regression analyses were performed
to evaluate trends of MRs in women and in men.20

The program starts with the minimum number of
joinpoints and tests whether more joinpoints are
statistically significant and must be added to the model
(up to the maximum number). The default value for
the maximum number of joinpoints depends on the
number of data points; for the present study it was set
as 2.21 Therefore, a maximum of 2 joinpoints were
calculated, depending on the best fit of the data.

Annual percentage change (APC) and 95% CIs were
estimated to describe and test the statistical significance
of the trends. The tests of significance used a Monte
Carlo Permutation method.20 In the present study, a
significance level of 0.05 was used for the permutation
test, with 4499 of randomly permuted data sets. The
null hypothesis in this analysis was that the trend in
MRs was the same over time.20

Analyses were performed using Stata software
(version 14; Stata Inc., College Station, TXs) and Join-
point Regression Program (version 4.3.1.0; National
Institutes of Health, Bethesda, MD).

RESULTS

PREFEC Study

Table 1 shows the distribution of sociodemographic,
metabolic, and lifestyle characteristics present in the
study participants according to indicators of kidney
dysfunction. Overall, 12% of the study participants
had indicators of CKD (age-adjusted prevalence of
11.1%).

A reduced eGFR was observed in 3.3% of the sub-
jects, whereas 9.9% had albuminuria (age-adjusted
prevalence of 1.6% and 7.1%, respectively) (Table 1).
Subjects with CKD were more likely to be hypertensive,
Kidney International Reports (2017) 2, 1032–1041



Table 1. Distribution of selected variables in participants from
PREFREC study according to indicators of kidney damage

No indicator
of kidney
damage

(n [ 3113)

eGFR <60
ml/min/1.73 m2

(n [ 109)
ACR ‡30 mg/g
(n [ 360)

CKD
(n [ 430)

Weighted prevalencea 88 3.3% 9.9% 12

Age-adjusted
prevalencea

88.9% 1.6% 7.1% 11.1%

Sociodemographics

Sex M/F 945/2168 58/51 95/265 129/301

Age (yr) 44.7 � 15.8 68.3 � 11.7 48.8 � 17.7 52.2 � 18.5

Education (yr) 10.0 � 9.7 8.4 � 13.1 9.8 � 10.6 9.4 � 10.8

Areas

Urban 86.4 85.5 85.5 85.2

Rural 13.4 14.3 14.3 14.6

Indigenous 0.2 0.2 0.2 0.2

Illiteracy 4.3 4.1 3.2 3.8

Indigenous ethnicity 3.2 0.8 2.4 2.2

Afro-Panamanian
ethnicity

18.6 27.9 22.5 23.2

Monthly family income
(USD; $)

<250 27.9 27.8 28.1 29.6

250�300 18.9 17.1 22.5 20.9

301�600 28.0 29.3 25.8 25.4

601�999 11.5 5.4 12.7 11.3

1000�1200 6.8 12.7 9.6 9.9

>1201 6.9 7.7 1.3 2.9

Risk factors

Hypertension 34.7 80.4 46.4 53.2

Diabetes 9.6 23.1 17.1 18.1

Obesity 28.1 20.1 37.3 34.6

Hypercholesterolemia 43.8 63.9 36.7 40.8

Family history of ESRD 11.6 11.7 13.1 12.0

Current smokers 8.3 7.2 1.4 2.5

Physical inactivity 8.5 20.1 10.4 12.7

Previous MI 2.4 9.5 6.8 6.8

ACR, albumin-to-creatinine ratio; CKD, chronic kidney disease; eGFR, estimated
glomerular filtration rate; ESRD, end-stage renal disease; MI, myocardial infarction;
USD, US dollars.
aAge-adjusted prevalence was calculated in relation to the total population of the
provinces of Panama and Colon in 2010.
Data expressed as percentages or mean � SD.
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physically inactive, obese, diabetic, and have a history
of MI. Statistically significant differences in socio-
demographic and CVD risk factor variables were
observed between those with apparently no indicators
of kidney dysfunction and those with CKD: age
(P < 0.01), hypertension (P < 0.01), diabetes mellitus
(P < 0.01), current smokers (P < 0.01), and a history of
MI (P < 0.01).

Table 2 shows the crude and adjusted ORs (95% CI)
for indicators of CKD, and sociodemographic and CVD
risk factors. Age 60 years or older (OR: 1.9; 95% CI:
1.2�2.9), hypertension (OR: 1.8; 95% CI: 1.2�2.7), and
a history of MI (OR: 2.4; 95% CI: 1.0�5.7) were
independently associated with CKD (adjusted model).
Compared with the reference category (MFI of #$250
USD), a MFI of >$1201 USD was inversely associated
with CKD, with an OR of 0.4 (95% CI: 0.1�0.9).
Kidney International Reports (2017) 2, 1032–1041
When considering an abnormal eGFR as a separate
outcome, age 60 years or older (OR: 8.7; 95% CI:
3.6�21.1), hypertension (OR: 4.0; 95% CI: 1.6�10.2),
and physical inactivity (OR: 2.6; 95% CI: 1.1�5.9) were
associated with an abnormal eGFR (adjusted models).
Female sex was inversely associated with an abnormal
eGFR (OR: 0.4; 95% CI: 0.2�0.9).

Diabetes mellitus (OR: 1.7; 95% CI: 1.0�2.8) and a
history of MI (OR: 3.1; 95% CI: 1.3�7.5) were associ-
ated with albuminuria. Similarly, MFI >$1201 USD was
associated with a 80% reduced occurrence of albu-
minuria (OR: 0.2; 95% CI: 0.04�0.7).

Ethnicity, years of education, illiteracy, geographic
area, family history of CKD, obesity, and smoking were
not associated with the combined outcome, or with
reduced eGFR or albuminuria.

National Mortality Registry

During the study period (2001�2014), a total of 4646
deaths due to any kind of chronic or unspecified kid-
ney disease or failure were recorded (ICD-10 code N18:
n ¼ 4039 and ICD-10 code N19: n ¼ 607). For the
present analysis, all 4 cases that had missing docu-
mentation of age were excluded, leaving a sample size
of 4642 deaths, of which 57.6% (n ¼ 2675) were men
and 42.4% (n ¼ 1967) were women.

Figure 1a presents the total and sex-specific CKD
ASMRs from 2011 to 2014 with their respective APC
(95% CIs) during the study period (Figure 1b). Overall,
from 2001 to 2006, the ASMRs from CKD showed an
increasing trend (APC: 7.5%, 95% CI: 2.3�12.9) (all).
From 2006 onward, the CKD mortality rate dropped
(APC: �4.6; 95% CI: �6.9 to �2.3).

Compared with women, the ASMRs were higher for
men. The sex-specific analysis showed a consistent
increasing trend in mortality due to CKD in men (APC:
6.2%; 95% CI: 1.0�11.5) until 2007, followed by a
decreasing trend (APC: �5.8%; 95% CI: �9.4 to �2.0).
In women, the ASMRs from CKD showed an increasing
trend (APC: 12.1%; 95% CI: 4.0�21.0) from 2001
to 2005.

In addition, we examined the mortality trends,
including ICD-10 code N17 (n ¼ 646 deaths; n ¼ 372
men and n ¼ 274 women) (Supplementary Figure S1).
From 2001 to 2006, the ASMRs from CKD showed an
increasing trend (APC: 10.2%; 95% CI: 4.5�16.1) (all).
From 2006 onward, the CKD mortality rate dropped
(APC: �4.6; 95% CI: �7.0 to �2.1).

The province of Coclé, previously reported to have
the highest hemodialysis rate, had the overall higher
age-adjusted CKD mortality rate compared with other
national rates (Figure 2). During the study period, the
ASMRs from CKD showed a statistically significant
increasing trend (APC: 3.2%; 95% CI: 0.4�6.0), a
1035



Table 2. Association between risk factors and indicators of kidney damage, expressed as odds ratio (OR), 95% confidence intervals (CI) in
participants from PREFREC study

Variables

eGFR <60 ml/min/1.73 m2 ACR ‡30 mg/g CKD

Crude
OR (95% CI)

Adjusteda

OR (95% CI)
Crude

OR (95% CI)
Adjusteda

OR (95% CI)
Crude

OR (95% CI)
Adjusteda

OR (95% CI)

Sex (female) 0.3 (0.2�0.6) 0.4 (0.2�0.9) 1.1 (0.7�1.6) 0.9 (0.6�1.4) 0.9 (0.7�1.4) 0.9 (0.6�1.4)

Age >60 yr 16.5 (7.7�35.7) 8.7 (3.6�21.1) 1.3 (0.8�1.9) 1.1 (0.6�1.8) 2.3 (1.6�3.2) 1.9 (1.2�2.9)

Hypertension 7.5 (3.5�16.0) 4.0 (1.6�10.2) 1.5 (1.1�2.2) 1.5 (0.9�2.4) 2.1 (1.5�3.0) 1.8 (1.2�2.7)

Diabetes 2.6 (1.3�5.4) 1.8 (0.8�4.0) 1.9 (1.1�3.1) 1.7 (1.0�2.8) 2.1 (1.3�3.3) 1.6 (0.9�2.6)

Obesity 0.6 (0.3�1.3) 0.6 (0.2�1.4) 1.5 (1.0�2.3) 1.4 (0.9�2.0) 1.4 (0.9�1.9) 1.2 (0.8�1.7)

Family history ESRD 0.9 (0.4�2.3) 0.9 (0.4�2.4) 0.9 (0.5�1.5) 0.9 (0.5�1.5) 0.9 (0.6�1.6) 1.0 (0.6�1.7)

Illiteracy 0.9 (0.4�2.4) 0.5 (0.1�1.5) 0.7 (0.3�1.6) 0.6 (0.2�1.5) 0.9 (0.4�1.7) 0.6 (0.3�1.3)

Physical inactivity 2.7 (1.3�5.4) 2.6 (1.1�5.9) 1.2 (0.7�2.0) 0.9 (0.5�1.7) 1.6 (0.9�2.5) 1.3 (0.8�2.2)

Current smokers 0.9 (0.3�2.6) 0.8 (0.3�2.5) 0.7 (0.5�0.9) 0.7 (0.5�1.1) 0.3 (0.1�0.7) 0.7 (0.5�1.1)

Previous MI 3.8 (1.4�10.4) 1.9 (0.6�5.8) 2.9 (1.3�6.4) 3.1 (1.3�7.5) 3.0 (1.4�6.2) 2.4 (1.0�5.7)

Monthly family income ($)

<250 Reference Reference Reference Reference Reference Reference

250�300 0.9 (0.3�2.4) 1.2 (0.4�3.6) 1.2 (0.7�2.1) 1.1 (0.6�2.0) 1.0 (0.6�1.7) 1.1 (0.6�1.8)

301�600 1.1 (0.4�265) 1.6 (0.6�4.2) 0.9 (0.6�1.5) 0.9 (0.5�1.5) 0.9 (0.5�1.4) 0.9 (0.6�1.5)

601�999 0.5 (0.1�1.8) 0.6 (0.1�2.4) 1.1 (0.6�2.2) 1.0 (0.5�2.1) 0.9 (0.5�1.7) 0.9 (0.5�1.9)

1000�1200 1.8 (0.6�6.1) 1.2 (0.3�5.4) 1.4 (0.7�2.9) 1.0 (0.5�2.1) 1.4 (0.7�2.7) 1.2 (0.6�2.4)

>1201 1.2 (0.4�4.1) 0.9 (0.2�3.7) 0.2 (0.04�0.8) 0.2 (0.04�0.7) 0.4 (0.1�1.0) 0.4 (0.1�0.9)

Indigenous ethnicity 0.2 (0.04�1.6) 0.6 (0.07�5.5) 0.7 (0.1�3.2) 1.1 (0.2�4.8) 0.7 (0.2�2.5) 1.1 (0.3�4.2)

Afroamerican 1.7 (0.8�3.4) 1.2 (0.5�2.8) 1.3 (0.8�1.9) 1.0 (0.6�1.6) 1.3 (0.9�1.9) 1.1 (0.8�1.8)

ACR, albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease.
aAdjusted models: crude þ all the socio�demographic, traditional cardiovascular, and chronic kidney disease (CKD) risk variables presented in the table. Missing data: Family history of
ESRD (n ¼ 137), illiteracy (n ¼ 8), previous myocardial infarction (MI) (n ¼ 12), monthly family income (n ¼ 152), and ethnicities (n ¼ 3).

Figure 1. (a) Chronic kidney disease (ICD-10 codes N18�N19) age-adjusted mortality rates and trends by sex in Panama, from 2001 to 2014.
Statistically significant trends are shown as solid lines. Nonstatistically significant trends are presented as dashed lines. (b) Trends expressed
as annual percentage change (APC) and 95% confidence intervals (CI). Mortality rates were standardized for 5-years age-groups using the
direct method. *P < 0.05.

CLINICAL RESEARCH I Moreno Velásquez et al.: Chronic Kidney Disease in Panama
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Figure 2. (a) Chronic kidney disease (ICD-10 codes N18�N19) age-adjusted mortality rates and trends by sex in the Coclé province in com-
parison to the rest of the country, from 2001 to 2014. Statistically significant trends are shown as solid lines. Nonstatistically significant trends
are presented as dashed lines. (b) Trends expressed as annual percentage change (APC) and 95% confidence intervals (CI). Mortality rates
were standardized for 5-years age-groups using the direct method. *P < 0.05.
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finding that was also confirmed for women (APC: 5.4%;
95% CI: 1.7�9.2).
DISCUSSION

PREFEC Study

We evaluated the association of markers of CKD and
various sociodemographic variables and CVD risk fac-
tors in a representative sample of the inhabitants of 2
Panamanian provinces, where approximately 60% of
the total population of the country resides. The esti-
mated crude prevalence of CKD was 12%, with albu-
minuria being the most common manifestation of renal
dysfunction. A higher MFI reduced the likelihood of
having CKD.
Kidney International Reports (2017) 2, 1032–1041
Prevalence estimates of CKD have been described in
other Latin American countries. Peru reported a
prevalence of 16.8% in 2 of its regions. Similar to our
study, proteinuria, rather than reduced eGFR, was
more prominent.22 Population-based studies in
Nicaragua documented CKD prevalences between
9.1% and 13.1%, with the higher prevalence noted in
rural areas,23,24 whereas in the urban areas of Mexico,
the estimated prevalence was 8.5%.25 It is noteworthy
that the outcome definitions, baseline characteristics,
confounding factors, and methods used to determine
eGFR and albuminuria assays were inconsistent across
these studies, limiting their comparisons. We defined
CKD as a combined outcome according to epidemio-
logical studies that considered abnormalities, such as
1037
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albuminuria and low eGFR.22,26 The CKD-EPI formula
was used because it has been validated in a Mexican
population.27

We found a strong relation between age older than
60 years and CKD, particularly with eGFR. The decline
in eGFR with aging has been widely discussed, and
thus, there is concern that some older adult patients
with reduced eGFR but without evidence of kidney
damage may be misclassified as having CKD.28 There-
fore, prevalence estimates might be overestimated
because 22% of the PREFREC population was older
than 60 years of age. Yet, the prevalence of CKD in the
population that was younger than 60 years was 9.7%.
(0.8% low eGFR and 9.4% albuminuria), and the
overall age-adjusted prevalence was 11.4%. New
formulas for risk stratification of CKD in the older
population have been described29; however, reduced
eGFR and higher levels of ACR are independent pre-
dictors of all-cause mortality across a broad age range,
including adults aged 80 years or older.30

Traditional risk factors such as hypertension, dia-
betes mellitus, and physical inactivity were indepen-
dently associated with our outcomes of interest. It
could be expected that in low- and middle-income
countries like Panama, the increasing prevalence of
cardiometabolic diseases could become a risk multiplier
for CKD. With this perspective, special attention
should be paid to tailoring successful preventive and
management strategies for these risk multipliers. In
PREFREC, 32.1% and 19.8% of the hypertensive and
diabetic study participants, respectively, were not
taking medication. Furthermore, consistent associations
were observed between a history of MI with CKD, as
well as with albuminuria. It has been shown that a first
ischemic cardiac event appears to increase the natural
decline in renal function.31 Taken together, a corollary
of these observations is the need to identify gaps in the
diagnosis, access to medications, and compliance with
treatment.

Physical inactivity was more commonly observed in
the CKD group, particularly in those with reduced
eGFR. CKD has been linked with a poor functional
status, and regular physical activity has been associ-
ated with a lower risk of adverse outcomes in a CKD
population.32 In addition, CKD and lower GFR were
associated with physical inactivity in participants from
the National Health and Nutrition Examination Survey
III study.33 Of note, the PREFREC study did not use a
standardized instrument; thus, misclassification of the
exposure was likely. Further prospective studies are
required to evaluate the relation among these variables
in greater detail.

Female sex had a protective effect for reduced eGFR.
Our results mirrored the results of other studies, which
1038
showed an elevated CKD prevalence among men in El
Salvador, Mexico, and Nicaragua,23 but differed from
the Chinese population in which women were more
likely to have low eGFR or albuminuria.26 Sex differ-
ences have been documented in the field of CKD, and
women are commonly known to be at lower risk than
men,34 although the underlying mechanisms are not
fully clear.

Poverty and social deprivation affect CKD. In
agreement with our findings, in urban China, the
prevalence of low eGFR and albuminuria were low in
areas with high economic development.26 This might
be related to direct impacts, but might also be indi-
rectly related to access to renal care, dialysis, and
transplantation.35 Beyond the potential implications for
CKD definition, the present findings underscore the
importance of social determinants of health for this
disease.

National Mortality Registry

A sustained increase in the mortality trend was
observed until 2006, followed by a moderately
decreasing trend in the ensuing years. This finding
underscores the impact of the massive poisoning
with diethylene glycol that resulted from a contam-
inated cough syrup distributed in Panama, which
became public in 2006, and probably contributed to
the observed peak (Figure 1).11 Despite the severity
and the fatality rate among these patients,10 the total
number of cases reported probably was under-
estimated because of subclinical damages that did not
become apparent early during the incident. It is
worth mentioning that consistent results were ob-
tained when deaths coded as ICD-10 N17 were
included (Supplementary Figure S2). Likewise, it was
conceivable that increased CKD mortality noted that
year could have been produced by heightened
awareness of the disease, which, in turn, might have
influenced a greater likelihood of CKD coding. The
reduced mortality observed afterward might be
related to an increase in testing of renal function in
the general population following the diethylene
glycol poisonings, and the availability of peritoneal
dialysis and hemodialysis after 2006.

Finally, our results confirmed the intriguing finding
of higher CKD MRs in the province of Coclé. During
many years, clinicians had suspected a higher occur-
rence of CKD in Coclé, where the hemodialysis rate was
reported as high as 220 � 100,000 in a county.12 A
study performed in 3 regions of this province
(2 located in the south and 1 in the north) showed
statistically significant higher levels of creatinine and a
family history of CKD in the southern regions of the
province compared with the north. Likewise,
Kidney International Reports (2017) 2, 1032–1041
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hypertension and diabetes were more prevalent in the
southern regions.

The underlying reason for the high CKD MR in Coclé
is still uncertain. Coclé is known for its rice and sugar
cane agriculture, salt industry, and livestock produc-
tion. Similar to our findings, a recent study from Costa
Rica reported that excess CKD mortality occurred pri-
marily in areas with hot and dry lowland.36 Moreover,
men had higher MRs compared with women.
Remarkably, women in Coclé had a higher CKD mor-
tality than women elsewhere in Panama. From the
public health standpoint, the previous findings evoke
testable hypotheses and suggest the need for epidemi-
ological studies aimed at addressing diverse exposures,
including biological interactions between environ-
mental and occupational risk factors.

Several limitations deserve mentioning. First, tem-
porality could not be precluded as the inherent limi-
tation of a cross-sectional study design, such as that in
the PREFREC study. Second, all the indicators of CKD
were obtained on the basis of single-time measure-
ments, which might result in misclassification of the
outcome. Third, the prevalence estimates presented
were not national, and thus, our findings might not be
extrapolated to other regions. Nevertheless, by 2010,
the distribution of the urban�rural setting, income,
and ethnic origin were comparable to the remainder of
the population of the country that was not evaluated
by this study, according to the National Institute of
Statistics and Census.13 However, there was a higher
participation among women, which was possibly
explained by the type of sampling strategy used
(stratified according to education level), the greater
acceptance of women participating in population-based
studies, and/or the requirement to abstain from alcohol
for 24 hours before the survey, which might have
prompted a lower participation among men. Likewise,
there was higher proportion of participants aged older
than 60 years (compared with the nonstudied popula-
tion). Self-selection bias should be carefully considered
when interpreting the results of this study; our find-
ings require validation in the national population,
preferably demonstrating the chronicity of kidney
dysfunction. Fourth, the Cause of Death register did
not record the contributing causes of death, which
might affect the quality of data, particularly in older
adults who might have several comorbidities. In addi-
tion, the reliance on diagnostic code data alone to
define CKD as a cause of death might have resulted in
underestimation of people with early stages of CKD.
Fifth, underreporting of deaths still persists predomi-
nantly in the regions populated by Amerindians, but it
was likely that the impact of this on our mortality
estimates was minor because it might have affected
Kidney International Reports (2017) 2, 1032–1041
small groups. Lastly, residual or unmeasured con-
founding (i.e., genetic predisposition, nephrotoxic
drug use) needs to be considered while interpreting the
results. Nevertheless, incident registries and national
representative surveys of CKD are not available for
Panama as yet; to the best of our knowledge, this was
the first attempt to describe the association between
sociodemographic and cardiovascular risk factors with
CKD and to investigate the mortality trends due to CKD
in Panama.

In conclusion, our results suggested that CKD is an
important public health problem in Panama. Health
inequalities and the rapid increase of cardiometabolic
diseases warrant broad collaborative public health
efforts and robust epidemiological surveillance similar
to registries of the incidence of non-ESRD. National
studies are needed to assess the true magnitude and
address geographic disparities, like those seen for the
Coclé province, to mitigate the risk of CKD and the
development of ESRD.
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95% confidence intervals (CI).
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