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Background: Chronic kidney disease (CKD) is a growing public health problem and an important cause of
morbidity and mortality. Disparities in CKD may be related to social determinants and health inequalities in
low- and middle-income countries. This study determined how social determinants of health influence trends
in the prevalence and mortality of CKD in Peru.

Methods: This was an ecological study based on a secondary analysis of health care and death records obtained
from the Ministry of Health of Peru for the period 2010–2016. The standardized prevalence and mortality rates
of CKD were descriptively reported using geospatial exploratory analysis. We also determined the association
with social determinants of health according to the domains suggested by Healthy People 2020.

Results: In the studied period, CKD prevalence increased by 300% and was associated with the health
insurance coverage rate (β=5.9 [95% CI 0.82 to 10.92]), proportion of people with a secondary education
level (β=11.4 [95% CI 1.94 to 20.93]), mean age (β=−10.7 [95% CI −19.33 to −2.12]), monetary poverty
rate (β=−2.2 [95% CI −3.88 to −0.60]) and gross domestic product per capita (β=−63.2 [95% CI −117.81
to −8.52]). The standardized mortality decreased by 10% and was associated with mean age (β=−0.6 [95%
CI −1.22 to −0.06]) and the proportion of people with a primary education level (β=−0.5 [95% CI −0.9
to −0.05]).

Conclusions: During the period 2010–2016, the prevalence of CKD increased and the mortality associated
with CKD decreased. The observed changes were associated with some social determinants of health, such as
increased health coverage and education. The health system of Peru must be prepared to take on the challenge.
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Introduction
Chronic kidney disease (CKD) is a public health problem world-
wide due to its increasing global burden and costs and because
it is an important cause of premature morbidity and mortality.1–5

The Global Burden of Disease (GBD) expert group estimated that
in 2013 reduced glomerular filtration rate accounted for 4%
of deaths worldwide, with >50% of these related to cardio-
vascular diseases and the remaining to CKD in dialysis.6 The

exact burden of CKD has yet to be fully elucidated in low- and
middle-income countries (LMICs), where it is estimated that the
incidence rates might be up to four times higher than those
observed in developed countries.6 In high-income countries, CKD
disproportionately affects socially disadvantaged groups, such as
ethnic minorities and people of low socio-economic status. In
the same way, the economic burden of CKD has seldom been
evaluated in LMICs, where it is estimated to be significantly higher
than that observed in developed countries.6,7
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According to the GBD, CKD prevalence increased to 87% and
the attributed mortality to 98% from 1990 to 2016.8 However,
variations have been reported in some countries, such as the USA,
where the prevalence has stabilized,9,10 or Korea and Taiwan,
where the mortality has decreased.11,12

Sixty-three percent of the global burden of CKD occurs in
LMICs; however, there is no information available to determine
the prevalence and mortality in many of these countries.8
Likewise, these countries usually have insufficient healthcare
expenditures and much of the disease burden is influenced by
certain social determinants of health, making it difficult to use
the information from high-income countries in this context.13,14

The social determinants of health have been recognized by
the WHO as elements that influence public health and health
inequalities.14 The role of the social determinants has recently
gained greater attention as an important element in the
pathway from CKD risk to the development and complications
of CKD.4 Many of the determinants of CKD, such as obesity,
diabetes, hypertension and endothelial dysfunction, as well as
chronic inflammation, neurohormonal activation and oxidative
stress, are related to the socio-economic vulnerability of the
population.4 Peru is a middle-income country. Although its
economy and health services coverage have improved, it is
still a country with large inequalities, with around 25% of
the population living in poverty and around 6% in extreme
poverty.15,16 It is likely that social determinants influence the
prevalence and mortality of non-communicable diseases such as
CKD, as reported in other countries.13,14 Furthermore, Peru has a
fragmented health system, where the Ministry of Health (MINSA)
provides healthcare to about 60% of the population, mainly
people living in extreme poverty, and Social Security (EsSalud)
provides healthcare to about 30% of the population.17

In Peru, there are no population-based data estimating the
prevalence of CKD. Although some studies estimate this preva-
lence to be between 16% and 18%,18,19 changes in prevalence
in recent years have not been studied. Similarly, although the
trend in CKD mortality was determined in a previous study,20 the
influence of social determinants of health, as with studies on
prevalence and in other LMICs,7 has not been assessed. Therefore
the objective of this study was to determine the trends in the
prevalence and mortality of CKD among patients from establish-
ments of the MINSA during the period 2010–2016 in Peru, as well
as the influence of the social determinants of health on both
variables.

Methods
Design and data source
We conducted an ecological study using secondary data sources,
with each region-year (e.g. Ayacucho 2015) as a unit of analy-
sis. The main information source was the national and regional
record of cases reported annually in healthcare services dur-
ing the period 2010–2016 and deaths based on death certifi-
cates during the period 2010–2015, provided by the MINSA.
This database contains the records of all healthcare interven-
tions conducted in the health establishments that belong to the
MINSA, and all deaths that occurred in the country as recorded in
death certificates from the National Registry of Identification and

Civil Status of Peru. In this study we considered the underlying
cause of death for the analysis as the disease that initiated the
train of morbid events leading directly to death.

In addition, we used information from the National Household
Survey of Peru (ENAHO) and the Regional Information System for
Decision Making (SIRTOD), both conducted by the National Insti-
tute of Statistics and Informatics of Peru. The ENAHO is registered
in the online International Household Survey Network Catalog,
a repository of developing country census questionnaires widely
accepted and internationally tested by the United Nations Statis-
tics Division. The ENAHO is a nationally representative database
containing information on demographic, social and economic
characteristics of Peruvian households collected annually since
2004. The SIRTOD is an information system that collects annual
data from specialized Peruvian surveys (several of them with
tested questionnaires, similar to the ENAHO) and data provided
by ministry statistics offices. The SIRTOD collects around 1200
indicators in different areas and is used for the implementation
of strategic programs.

Procedures
We requested information on reported cases of national health-
care interventions and mortality via the Platform for Access
to Public Information (Plataforma de Acceso a la Información
Pública) of the MINSA (http://www.minsa.gob.pe/portada/trans
parencia/solicitud/frmFormulario.asp). Data from ENAHO and
SIRTOD are freely available from the following websites: http://
iinei.inei.gob.pe/microdatos/ and http://webinei.inei.gob.pe:8080/
SIRTOD1/inicio.html#, respectively.

Outcome variables
The outcome variables were the prevalence and mortality rates of
CKD, calculated as ratios: (1) the number of cases recorded annu-
ally in healthcare establishments in 2010–2016, in the population
covered by the integrated health insurance program (SIS), plus
the uninsured population serviced mainly by the MINSA; and (2)
the number of deaths reported in 2010–2015, in the population
of each region-year assessed, by 100 000 persons. The number of
cases and the number of deaths were obtained from the MINSA
with the code CIE 10:N18 (chronic kidney disease), defined in the
database as abnormalities of kidney structure or function, with
a glomerular filtration rate of <60 mL/min/1.73 m2 present for
>3 mo and implications for health. These variables were assessed
by year, sex, age, group and region. We estimated the population
size for each region-year using the ENAHO. We also obtained the
annual age-standardized prevalence and mortality rates with the
direct method using the population from WHO 2000–2025 as a
reference.15

Exposure variables
The exposure variables were calculated for each region-year.
Given that the ENAHO contains data representing national and
regional levels, we weighted the data to obtain population-based
indicators.

To obtain the social determinants of health we initially
intended to use the five key domains suggested by Healthy
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People 2020: economic stability, education, neighbourhood and
built environment, social and community context, and health
and healthcare.13 However, for Peru we only had annual and
region datasets for economic stability, education and health
and healthcare. The remaining domains were excluded since

data were available only for specific years and mainly for urban
areas.

For the domain of economic stability, we considered the
employment rate (proportion of employed people in the working-
age population) and the monetary poverty rate (proportion of

Table 1. Trends in the standardized prevalence and mortality rates of CKD by year, Ministry of Health of Peru

Year Cases of
CKD, n

Standardized
prevalence, ×100 000
population

Deaths due to
CKD, n

Deaths due to
CKD, %a

Standardized mortality,
×100 000 population

2010 10 316 54.9 2035 1.9 9.2
2011 13 579 68.7 2036 1.7 8.8
2012 14 901 74.5 2102 1.8 8.9
2013 20 622 98.0 1983 1.6 8.1
2014 21 319 98.2 2076 1.6 8.2
2015 37 214 170.1 2234 1.7 8.6
2016 36 191 163.5 NA NA NA
Total 154 142 103.9 12 466 1.7 8.6

aTotal number of deaths due to CKD divided by the total number of deaths due to all causes in Peru.

Table 2. Standardized prevalence and mortality rates of CKD by region, Ministry of Health of Peru

Regions Standardized prevalence, ×100 000 population Standardized mortality, ×100 000 population
2010–2011 2015–2016 Difference Ratio 2010–2011 2014–2015 Difference Ratio

Peru (country) 61.8 166.8 105.0 2.7 9.0 8.4 −0.6 0.9
Amazonas 2.5 8.7 6.2 3.5 1.8 4.1 2.3 2.3
Áncash 14.3 65.1 50.8 4.6 4.5 3.3 −1.3 0.7
Apurímac 9.2 13.1 3.9 1.4 8.1 4.5 −3.6 0.6
Arequipa 38.8 88.7 50.0 2.3 3.4 4.6 1.3 1.4
Ayacucho 11.6 14.4 2.8 1.2 7.4 4.0 −3.4 0.5
Cajamarca 4.0 30.5 26.6 7.7 2.8 2.5 −0.3 0.9
Callao 613.4 688.1 74.7 1.1 12.4 6.1 −6.3 0.5
Cusco 43.0 83.7 40.7 1.9 7.6 4.9 −2.8 0.6
Huancavelica 7.2 11.6 4.5 1.6 11.0 5.2 −5.8 0.5
Huánuco 9.5 8.4 −1.2 0.9 6.4 5.4 −1.0 0.8
Ica 33.2 256.3 223.1 7.7 8.6 12.2 3.6 1.4
Junín 10.8 12.5 1.7 1.2 8.8 7.9 −0.9 0.9
La Libertad 77.3 77.0 −0.3 1.0 8.8 8.8 0.0 1.0
Lambayeque 44.9 374.0 329.1 8.3 9.0 9.6 0.6 1.1
Lima 122.8 364.9 242.1 3.0 4.7 4.3 −0.4 0.9
Loreto 65.6 157.3 91.7 2.4 2.6 0.9 −1.8 0.3
Madre de Dios 44.5 117.0 72.5 2.6 12.8 9.1 −3.6 0.7
Moquegua 14.7 75.7 61.0 5.1 9.6 10.7 1.1 1.1
Pasco 4.6 9.2 4.6 2.0 5.7 4.1 −1.6 0.7
Piura 6.2 77.6 71.4 12.5 4.6 9.5 4.9 2.1
Puno 14.0 20.3 6.3 1.5 19.6 16.2 −3.5 0.8
San Martín 10.1 50.2 40.1 5.0 3.2 3.0 −0.2 0.9
Tacna 29.7 55.3 25.5 1.9 8.7 7.9 −0.8 0.9
Tumbes 27.9 786.1 758.2 28.1 10.8 6.8 −4.0 0.6
Ucayali 18.1 253.0 234.8 14.0 8.8 5.8 −2.9 0.7
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people in monetary poverty in the total population) from the
ENAHO. Data on the average GDP per capita were extracted from
SIRTOD.

For the domain of education, we considered the proportion of
people in the primary, secondary and tertiary education levels,
technical and university (proportion of people with a specific
education level in the total population) obtained from the ENAHO.

For the domain of health and healthcare, we considered the
rate of health insurance coverage (proportion of people with at
least one type of health insurance, public, private, army) in the
total population obtained from the ENAHO.

Finally, we used the mean age and proportion of women,
obtained from the ENAHO, as adjustment variables to reduce the
confounding bias.

Statistical analysis
The management, preparation and analysis were conducted
using Stata 15.0 (StataCorp, College Station, TX, USA). The
continuous variables were described using means and standard
deviations, while the categorical variables were described using
absolute frequencies and proportions.

We described the national trends of standardized prevalence
and mortality rates of CKD for each year. Additionally, we con-
ducted an exploratory analysis of spatial data, matching the
standardized prevalence and mortality rates of CKD reported for
each region with the georeferenced data of the regions (spmap
in Stata) obtained from the web portal of the Ministry of the
Environment of Peru. We categorized the standardized preva-

lence and mortality rates of CKD in quintiles of frequency and
averaged the first two and the last two years to avoid the bias
from measurement error associated with taking just one year as
a reference, similar to a previous study.21

Multiple linear regression was used for analysing longitudinal
data (xtreg in Stata). We assessed the strength of the association
between social determinants (exposure variables) and outcome
variables (prevalence and mortality rates of CKD). The model
included a random intercept. We calculated the 95% CIs with
errors corrected by robust variance. We considered coefficients
with a p-value <0.05 to be statistically significant. We excluded
the region of Callao in the multiple linear regression model, as
information from this region was not available to calculate some
variables relevant for the analysis.

Ethics statement
This study was conducted using secondary data sources obtained
from several public access websites. These data are anonymous,
so they do not involve any direct risk of subject identification.

Results
Trends in the prevalence of CKD at the regional and
national level
During the period 2010–2016, 154 142 cases of CKD were re-
corded in the MINSA database (Table 1), of which 82 936 (53.8%)

Figure 1. Standardized prevalence of CKD in Peru, by region: comparison of the periods 2010–2011 and 2015–2016.
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Figure 2. Standardized mortality due to CKD in Peru, by region: comparison of the periods 2010–2011 and 2014–2015.

occurred in the age group >60 y, 56 762 (36.8%) in the age group
30–59 y and 14 444 (9.4%) in age group <30 y.

The standardized prevalence of CKD in Peru increased three
times in the period 2010–2016 (Table 1). The regions with the
greatest increase in prevalence, above the national average, were
Tumbes, Lambayeque and Lima (Table 2 and Figure 1).

Trends in mortality due to CKD at the regional and
national levels
During the period 2010–2015, 12 466 CKD deaths were recorded
in the MINSA database (Table 1), of which 10 003 (80.2%)
occurred in the age group >60 y, 2098 (16.8%) in the age group
30–59 y and 365 (3%) in the age group <30 y.

The standardized mortality rate of CKD in Peru decreased
from 9.2 to 8.6 per 100 000 population in the period 2010–2015
(Table 1). The regions with the greatest decrease were Callao
(−6.3), Huancavelica (−5.8) and Tumbes (−4.0), while Puno was
the region with the highest mortality compared with the other
regions (Table 2 and Figure 2).

Descriptive statistics of social determinants
During the period 2010–2016, the proportion of women for all
regions was 50.7%, the mean age was 31.2, the health insur-
ance rate was 69.8%, the proportion of people with a primary
education level was 28.5%, the employment rate was 95.1%,
the poverty rate was 28.4% and the log-GDP per capita was 9.3
(Table 3).

Table 3. Descriptive statistics of social determinants

Variables n Proportion 95% CI

Women 168 50.65 50.48 to 50.82
Yearsa 168 31.23 30.90 to 31.55
Health insurance rate 168 69.74 67.93 to 71.54
Primary level 168 28.52 28.04 to 28.99
Secondary level 168 24.56 23.58 to 25.54
Tertiary level 168 10.66 10.09 to 11.24
Employment rate 168 95.13 94.87 to 95.29
Poverty 168 28.37 25.98 to 30.76
log-GDP per capitaa 168 9.26 9.17 to 9.34

aYears and log-GDP per capita are expressed as the mean value,
the remaining variables are expressed by proportion.

Social determinants of the prevalence of and mortality
due to CKD
We found a positive association between CKD prevalence, the
health insurance coverage rate (β=5.9 [95% CI 0.82 to 0.92])
and the proportion of people with a secondary education level
compared with those who did not complete any education level
(β=11.4 [95% CI 1.94 to 20.93]). In contrast, we found a negative
association between CKD prevalence and mean age (β=−10.7
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Table 4. Multivariate analysis of social determinants with the standardized prevalence and mortality rates of CKD

Variables Prevalence of CKD (2010–2016) Mortality of CKD (2010–2015)
Coefficienta 95% CI p-Valueb Coefficienta 95% CI p-Valueb

Social determinants
Women, % 7.44 −4.38 to 19.26 0.217 −0.48 −0.97 to 0.02 0.059
Years −10.72 −19.33 to −2.12 0.015 −0.64 −1.22 to −0.06 0.031
Health insurance rate 5.87 0.82 to 10.92 0.023 −0.01 −0.07 to 0.05 0.728
Primary level, % 6.81 −10.44 to 24.06 0.439 −0.52 −0.99 to −0.05 0.030
Secondary level, % 11.43 1.94 to 20.93 0.018 0.05 −0.31 to 0.41 0.793
Tertiary level, % 9.43 −1.56 to 20.41 0.093 0.16 −0.33 to 0.65 0.524
Employment rate −1.46 −12.64 to 9.72 0.798 0.16 −0.25 to 0.57 0.447
Poverty, % −2.24 −3.88 to −0.60 0.007 0.04 −0.05 to 0.13 0.421
GDP per capita −63.17 −117.81 to −8.52 0.023 −0.19 −4.34 to 3.97 0.929
n 168 144
Panel type Random effects Random effects

aEstimated coefficients.
bAll regressions include robust standard errors.

[95% CI −19.33 to −2.12]), monetary poverty rate (β=−2.2 [95%
CI −3.88 to −0.60]) and log-GDP per capita (β=−63.2 [95% CI
−117.81 to −8.52]) (Table 4). A negative association was also
found between the CKD mortality rate, mean age (β=−0.6 [95%
CI −1.22 to −0.06]) and proportion of people with a primary
education level (β=−0.5 [95% CI −0.99 to −0.05]) in the region
(Table 4).

Discussion
During the period 2010–2016, the prevalence of CKD morbid-
ity increased, as observed in other countries,8 and the mortal-
ity associated with CKD decreased. According to the GBD, the
increase in the age-standardized prevalence rate is associated
with an increase in diabetic kidney disease prevalence.8 Although
there are no studies showing an increase in the prevalence of
diabetes at a national level in Peru, an increase in the number
of medical visits due to diabetes in public hospitals has been
reported.16 However, the prevalence of CKD has not increased
equally in all countries. In the USA, the prevalence of stage 1–
4 CKD has stabilized over the years, as well as that of diabetic
nephropathy,10 probably because of the policies in place for CKD
early detection, which are less efficient in the Peruvian health
system. Reversing the trend of CKD in Peru would also translate
into a lower healthcare expenditure.22 We cannot rule out the
possibility that the new definition of CKD and dissemination of the
new guidelines in 201223 has increased the number and speci-
ficity of diagnoses and therefore caused the observed increase in
prevalence.

In contrast with the global average,8 we found a decrease in
mortality associated with CKD. This difference may be explained
by possible underreporting of the cause of death in death records,
as suggested by a previous study reporting a decrease in the
coverage of causes of death in 2012–16 in Peru.24 A recent study

in Peru that analysed data from 2003 to 2015 showed an increase
in CKD mortality and a decrease from 2007 onward, when the
MINSA started funding renal replacement therapies.20 Since the
analysis of our study starts from 2010, our results might be
explained by this change. A decrease in mortality of patients
on hemodialysis has been also reported in Taiwan12 and the
USA.25

Concerning the influence of social determinants on CKD preva-
lence in Peru, the positive association with the increase in the
rate of health insurance coverage may be related to a greater
likelihood of receiving medical care and therefore having the
disease diagnosed. Indeed, the proportion of the population with
access to health insurance in Peru increased from 65% in 2011
to 73% in 2015.26 Similarly, the positive association with the
level of education may be related to higher self-reporting of
chronic diseases such as CKD, according to the ENAHO 2011.27

Also, an association between a low level of education and an
increase in chronic diseases such as CKD has been found in other
countries.13,14, 28,29

In our study, a higher prevalence of morbidity and mortality
was associated with a lower mean age. Since diabetes and
hypertension, risk factors associated with CKD and contributing
50.5% and 23.2%, respectively, to the global burden of disease,8
are occurring at a younger age in Peru,30 this might explain our
findings. Similar results have been observed in other LMICs and
differ from the trend in high-income countries.8

Contrary to the GBD report findings indicating that countries
with a low sociodemographic index have a greater CKD preva-
lence compared with those with a high sociodemographic index
(7.4% vs 3.1%),8 we found a lower prevalence of CKD among
patients living in poverty. The same association was found in Aus-
tralian Indigenous communities and among some North Ameri-
can populations for CKD as well as other chronic diseases.29,31 In
Peru, this difference might be the result of lower self-reporting of
chronic diseases by people living in poverty and extreme poverty
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(25.5% and 21.2%, respectively) as compared with the non-poor
(40.4%), probably due to cultural aspects.25

In addition, we found that a decrease in the log-GDP per capita
of the region was associated with an increase in the prevalence
of CKD. The MINSA has a decentralized system for the adminis-
tration and funding of healthcare services, which at the regional
level is administered by the Regional Health Directorates (Direc-
ciones Regionales de Salud).26 Poor funding of health facilities,
dependent on the GDP per capita of the region, might prevent
adequate screening and treatment of CKD,32 putting low-income
populations at risk.33

We found a higher mortality due to CKD associated with a
lower level of primary education. These results are similar to
those found in a North American study reporting a lower rate
of survival in people affected by chronic diseases, such as CKD,
among those with a lower level of education compared with
those who had finished school.24,34

Limitations
One of the limitations of this study is the use of secondary
data sources, as there could be errors such as misassignment
of the code, erroneous or incomplete diagnosis and errors in
the recovery of cases with code N18 or subregistration of the
data despite being completed by health personnel. Second, since
CKD is an asymptomatic disease until a very late stage, most
patients attending health centers have a severe CKD condition,
whereas less severe cases are undiagnosed. Therefore the actual
prevalence of CKD in Peru could be much higher than estimated.
Third, due to the lack of health centeres and hemodialysis in
some provinces and referral to Lima, some cases might have
been erroneously attributed to that region. Moreover, findings
from establishments that are part of the MINSA cannot be extrap-
olated to patients that are part of the social security system,
which accounts for nearly 30% of the Peruvian population.17

Finally, we did not include clinical variables or other variables
associated with missing social determinants of health, which
could decrease the statistical significance of our findings. In spite
of this, the strength of our study relies on the use of national
records from the MINSA, which provides sound information on
the epidemiology of CKD.

Conclusions
We determined that in Peru in 2010–2016 the prevalence of CKD
increased and the mortality due to CKD decreased. We also found
some social determinants associated with both prevalence and
mortality, such as the level of education and the GDP per capita
for each region.

Implications
Our study has some potential implications for public health in
Peru. As progress has been made in the coverage of educa-
tion and policyholders in Peru, the likelihood of disease self-
awareness and its risk factors is increasing and, as a conse-
quence, the reported prevalence of CKD has increased. Health
education needs to be improved in the poorest population to
increase self-reporting of chronic diseases. The observed increase

in disease prevalence in our country must be supported by an
adequate investment in health center for the diagnosis and early
treatment of CKD.
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