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Abstract

Background

Chronic diseases (CD) are a public health emergency in Mexico. Despite concern regarding

the financial burden of CDs in the country, economic studies have focused only on diabetes,

hypertension, and cancer. Furthermore, these estimated financial burdens were based on

hypothetical epidemiology models or ideal healthcare scenarios. The present study esti-

mates the annual expenditure per patient and the financial burden for the nine most preva-

lent CDs, excluding cancer, for each of the two largest public health providers in the

country: the Ministry of Health (MoH) and the Mexican Institute of Social Security (IMSS).

Methods

Using the Mexican National Health and Nutrition Survey 2012 (ENSANUT) as the main

source of data, health services consumption related to CDs was obtained from patient

reports. Unit costs for each provided health service (e.g. consultation, drugs, hospitaliza-

tion) were obtained from official reports. Prevalence data was obtained from the published

literature. Annual expenditure due to health services consumption was calculated by multi-

plying the quantity of services consumed by the unit cost of each health service.

Results

The most expensive CD in both health institutions was chronic kidney disease (CKD), with

an annual unit cost for MoH per patient of US$ 8,966 while for IMSS the expenditure was

US$ 9,091. Four CDs (CKD, arterial hypertension, type 2 diabetes, and chronic ischemic

heart disease) accounted for 88% of the total CDs financial burden (US$ 1.42 billion) in

MoH and 85% (US$ 3.96 billion) in IMSS. The financial burden of the nine CDs analyzed

represents 8% and 25% of the total annual MoH and IMSS health expenditure, respectively.

PLOS ONE | DOI:10.1371/journal.pone.0145177 January 8, 2016 1 / 19

OPEN ACCESS

Citation: Figueroa-Lara A, Gonzalez-Block MA,
Alarcon-Irigoyen J (2016) Medical Expenditure for
Chronic Diseases in Mexico: The Case of Selected
Diagnoses Treated by the Largest Care Providers.
PLoS ONE 11(1): e0145177. doi:10.1371/journal.
pone.0145177

Editor: Ulla Kou Griffiths, London School of Hygiene
and Tropical Medicine, UNITED KINGDOM

Received: December 6, 2014

Accepted: December 1, 2015

Published: January 8, 2016

Copyright: © 2016 Figueroa-Lara et al. This is an
open access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All data are fully
available from the Mexican National Health and
Nutrition Survey 2012 site: http://ensanut.insp.mx/
basesdoctos.php#.VDMbovl5N1Y. Data are also
available at Dryad: 10.5061/dryad.km484

Funding: The authors received no specific funding
for this work. PwC Mexico provided support in the
form of salaries for AFL, JAI, and MABG but did not
have any additional role in the study design, data
collection and analysis, decision to publish, or
preparation of the manuscript. The specific roles of

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0145177&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://ensanut.insp.mx/basesdoctos.php#.VDMbovl5N1Y
http://ensanut.insp.mx/basesdoctos.php#.VDMbovl5N1Y
http://dx.doi.org/10.5061/dryad.km484


Conclusions/Significance

The financial burden from the nine most prevalent CDs, excluding cancer, is already high in

Mexico. This finding by itself argues for the need to improve health promotion and disease

detection, diagnosis, and treatment to ensure CD primary and secondary prevention. If the

status quo remains, the financial burden could be higher.

Introduction
Chronic diseases (CDs) are currently the primary cause of death worldwide, leading to more
deaths annually than all other causes combined [1]. In 2008, approximately 63% (i.e. 36 million
of 57 million) of deaths worldwide resulted from CDs, of which 48% (17 million) and 21% (7.6
million) were due to cardiovascular diseases and cancer, respectively [1]. Furthermore, CDs
account for 54% of the global disability-adjusted life years [2]. The United Nations Secretary
General Ban Ki-Moon described CDs as a “public health emergency” [3]. According to the
World Economic Forum, each 10% rise in CD prevalence is associated with 0.5% lower rates of
annual economic growth [4]; thus, CDs have been identified as a global risk and threat to eco-
nomic development [1]. Additionally, the World Health Organization estimates that CD
deaths will increase by 15% globally between 2010 and 2020 [1].

Around 45.6 million CD deaths occur annually in low- and middle-income countries [1]. In
Mexico, CDs represent the greatest challenge for the national health system [5]. Indeed, CDs led
to 437,800 deaths in a population of 111.2 million in 2008, and accounted for 71% of the total
disability-adjusted life years in 2010 [1,6,7]. Between 2000 and 2012, the prevalence of diabetes
increased by approximately 60%, from 5.7% to 9.1%, among adults aged 20 years or older, plac-
ing diabetes as the first cause of death [8]. In the same period and population, the prevalence of
hypertension increased from 30.1% to 31.5% [9]. Breast and prostate cancer are also high prior-
ity public health problems in Mexico [10,11]; breast cancer has been the second cause of death
among women aged 30–54 years since 2006 [10], while prostate cancer is the most deadly malig-
nancy among Mexican men [12]. Nevertheless, despite the large burden, access to CD services
and effective coverage of interventions in Mexico is reportedly low. For example, the proportion
of undiagnosed diabetics represents between 18% and 26% of the total population affected by
the disease [13,14]. Among diagnosed diabetics, only 78% have at least two medical consulta-
tions per year [15]. Further, compliance with national diabetes control guidelines is low, with
only 52.7% of diabetics obtaining a blood glucose test, 14.6% having their feet checked, and
9.6% obtaining an HbA1c test at the time of a regular physician visit [15].

The Mexican health system is comprised of public and private institutions. Public institu-
tions are composed of several social security institutes which provide medical health services to
persons in the formal economy, the largest of which is the Mexican Institute of Social Security
(IMSS). Other public institutions provide health services to persons in the informal economy
and the self-employed, the most important being the Ministry of Health (MoH). Private insti-
tutions provide healthcare to persons with a capacity to pay, although most Mexicans purchase
some health care out-of-pocket [16]. In 2013, out-of-pocket expenditure contributed to 44% of
the total health expenditure in Mexico [17].

MoH provides a comprehensive health services package of 285 outpatient, general hospital,
and specialized interventions, including drugs and laboratory and other tests; most of this
package is financed from general taxation [18]. Of the total MoH outpatient beneficiaries, 83%
reported being satisfied with the quality of the medical services received [19]. IMSS does not
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have an explicit health service package and provides, in theory, treatment for all health needs
except for aesthetic interventions, including drugs, laboratory and other tests, and prostheses.
Beneficiaries also have access to a wide range of social, cultural, and economic benefits. IMSS
health services are financed by employer and employee fees, the government, and IMSS self-
accrued income from investments, contributing 66%, 31%, and 3% of the total, respectively
[20,21]. Up to 77% of IMSS outpatient care users report being satisfied with the quality of the
medical services provided [19]. All services included in the MoH benefit package and all care
provided by IMSS are free of charge at the point of use.

The MoH and IMSS are the most important health institutions in Mexico, jointly serving to
65% of the Mexican population [22]. In 2013, with respect to outpatient medical units, MoH
had 68% (14,247) and IMSS 5% (1,141) of the total government health facilities (20,822) and,
with regards to hospital medical units, MoH had 55% (734) and IMSS 20% (264) of the total
number of hospitals in the public health sector [23]. The 2013 total health expenditure was US
$ 17.9 billion dollars for MoH and US$ 16.1 billion for IMSS, jointly comprising 84% of the
Mexican government’s health expenditure [17].

Medical expenditure projections for selected CDs, such as diabetes [24,25], hypertension
[26], breast cancer [27], and asthma [28], posit a crisis scenario. Despite concerns regarding
the economic burden of CDs in Mexico, only a handful of medical care expenditure estimates
have been produced, focusing mostly on diabetes, hypertension, and breast cancer [24–27].
Furthermore, these estimates are based on hypothetical epidemiologic models and assume
compliance with treatment guidelines. To redress this situation, the present study aims to esti-
mate the annual medical care expenditure incurred by the MoH and IMSS, for the most preva-
lent CDs in Mexico, based on the best evidence available on actual utilization rates and costs
for each CD.

Methods
This is a cross-sectional economic study undertaken from the payer perspective. Expenditure
incurred by each of MoH and IMSS in catering for the services demanded by the populations is
estimated. Nevertheless, expenditure incurred by IMSS affiliates or MoH beneficiaries when
using private or other providers is not included in the analysis.

ENSANUT 2012 characteristics
The Mexican National Health and Nutrition Survey (ENSANUT) 2012, a nationally represen-
tative survey, was the main source of data. ENSANUT was undertaken in the second semester
of 2011 and the first of 2012 and surveyed 194,900 persons, representative of 114.9 million per-
sons. The data used was obtained from the Household Members (HM), Health Services Utiliza-
tion (HSU), and Adult Health sections of the survey. ENSANUT obtained ethical approval
from the National Institute of Public Health’s Ethics Committee [29].

Definition of the analytical sample
The study included only adults (�20 years old) that reported being beneficiaries of MoH or
IMSS, given that these were the only two institutions with a sufficient sample size to estimate
expenditure from specific CDs. The study identified the specific CD reported by patients based
on the HSU section question, “In the last year, did a doctor diagnose you with any of the fol-
lowing chronic diseases?” The study excluded patients reporting more than one CD, given that
ENSANUT did not ask for multiple motives of consultation of hospitalization. Hence, the
exclusion avoids inflating expenditure for multi-chronic health care. A total of 20% of the sam-
ple reported more than one CD and was thus excluded.
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Cases were excluded in a number of conditions. Arthrosis cases were excluded given that
ENSANUT failed to be included as an outpatient utilization motive in the HSU section. All
cancer cases had to be excluded given that ENSANUT did not ask patients to report the specific
diagnosis. HIV-AIDS, cerebrovascular diseases, and rheumatic fever were excluded due to the
insufficient number of cases (less than 50). Fig 1 shows the process used to define the analytical
sample according to the structure of questions in ENSANUT.

Specification of CD diagnosis
Respondents were asked to specify the CD diagnosis from a list of generic disease names
through the HM section question, “In the last year, did a doctor diagnose you with any of the
following chronic diseases?” The researcher then proceeded to read a list of 16 generic disease
names, of which the respondent could confirm up to three. The diagnoses reported by ENSA-
NUT were modified to conform to the most prevalent diseases within the family of diseases of
the International Classification Diseases 10th version [30]. This correction aimed to reduce the
bias inherent in the estimation of expenditures for disease families. The correction was based

Fig 1. Filters applied to the original data set to obtain the analysis sample.

doi:10.1371/journal.pone.0145177.g001
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on the best evidence available regarding the most frequent specific diseases within the family
[31–39]. CDs with important corrections were “diabetes”, categorized as type 2 diabetes melli-
tus (E11), “colitis” as irritable bowel syndrome (K58), “renal disease” as chronic kidney disease
(CKD; N18), “arthritis” as osteoarthritis (M15-M19), and “heart disease” as chronic ischemic
heart disease (CIHD; I25).

Estimation of health services consumption
Outpatient health care. Outpatient health care is defined in ENSANUT as any medical

consultation that did not require hospitalization and was provided by a general physician or a
specialist. Outpatient care also included laboratory and other tests (such as imaging) and drugs
prescribed. ENSANUT did not include questions regarding kidney dialysis.

ENSANUT questioned the need for medical consultations in the past two weeks in the HM
section through the question, “In the past two weeks, did you receive a consultation due to dis-
eases, disease control, lesions, or accident?” If positive, the respondent was subjected to random
sampling to respond to the HSU section. Up to 80% of respondents with CDs were sampled. In
the HSU section, respondents were asked to declare the specific motive of medical outpatient
consultation through the question, “In the past two weeks, the main reason for medical consul-
tation was. . .” Respondents freely stated the main consultation motive, which was then codi-
fied according to a list of 45 possible responses. Data for respondents that did not state one of
the nine CD diseases analyzed was excluded from the analysis. Furthermore, data was also
excluded if the CD diagnosis reported in the HM section did not coincide with the CD reported
as the motive of utilization.

The average number of medical consultations per patient per year for each CD was calcu-
lated by estimating the probability of health service utilization for persons reporting each spe-
cific CD. The number of medical consultations per year for each CD were imputed by dividing
the total number of persons reporting a specific CD diagnoses in the last year by the total num-
ber of persons who utilized health services in the past two weeks. Given that only a sample of
respondents was selected to provide information on service utilization in the HSU section, the
probability of selection was calculated for each CD and used to weigh the imputed figure.
These probabilities were then multiplied by the number of fortnights in the year (26.1).

The average proportion of medical consultations provided by general physicians and spe-
cialists for each CD were obtained from the question, in the HSU section, “Who provided care
when you attended the consultation?” Respondents reported whether laboratory and other
tests were ordered and the number of drugs prescribed as part of a medical consultation in the
last two weeks. This information was obtained from the HSU section through the question, “In
the medical consultation, did the physician ask you to have any lab or other tests (for example,
blood or urine, x-rays, ultrasound, electrocardiogram)?” Information for drugs was obtained
from the HSU section through the question, “In the medical consultation, how many drugs did
the physician prescribe you?”

However, ENSANUT does not provide information regarding the kind or number of labo-
ratory and other tests or the specific drug or dosage prescribed. To fill these gaps, this informa-
tion was estimated by an expert panel based on the CD diagnosis reported by the beneficiaries
for the consultation in question. The expert panel was asked to provide the missing informa-
tion based on the Mexican clinical practice guidelines for each CD presented [40]. Therefore, it
was assumed that the health care consumption for laboratory and other tests and drugs fol-
lowed the clinical guidelines. The expert panel consisted of two independent general physi-
cians. When in disagreement, another general physician was asked to provide a third opinion.
To ascertain the drugs prescribed, the expert panel was asked to name up to three drugs, in the
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order established by clinical guidelines. Thus, the type and average number of laboratory and
other tests as well as the type, average number, and average dosage of drugs for each CD were
identified. The information provided by the expert panel was assumed to be the same for MoH
and IMSS patients given that guidelines were developed by a joint institutional committee [40].
Drug consumption estimations assumed that all drugs prescribed were filled, supported by the
fact that IMSS beneficiaries obtain their drugs from the provider in 95% of cases [21], while
MoH beneficiaries do so in 90% of cases [41].

Given that ENSANUT does not include the consumption of kidney dialysis, this was esti-
mated for beneficiaries who reported a CKD diagnosis and motive of utilization. The consump-
tion was calculated using information reported in the scientific literature; the number of
kidney dialysis sessions was differentiated in the literature for each of MoH [42] and IMSS
[43]; the proportion of peritoneal dialysis and hemodialysis treatments received was estimated
for the sample as a whole. The type of kidney dialysis was randomly imputed to the beneficia-
ries based on the proportion of patients expected in each kidney dialysis scheme [44,45]. The
prevalence of the number of persons in need of kidney dialysis was assumed to be the same for
MoH and IMSS.

Hospitalization. Hospital care was analyzed according to the number of hospitalization
days and the use of general ward and intensive care unit (ICU) beds. The use of hospital care
was observed from the question in the HM section, “In the last year, were you hospitalized or
admitted?” Beneficiaries who reported hospitalization due to illness or surgery were included
in the calculation of the number of total bed-days. The hospitalization cause was observed
through the question of the HM section, “Why were you hospitalized in the last year?” The
number of total bed-days was observed from the HM section question, “In total, how many
days were you hospitalized in the last year?”Hospitalizations with an outlier number of bed-
days (fourteen cases) were assigned a maximum of 30 bed-days in order to avoid biasing the
health expenditure mean for each CD by accounting days that could have responded to other
reasons besides the CD in question.

Given that ENSANUT does not differentiate between bed-days spent in general ward and
those in ICU, this information was obtained from estimations based on Mexican data for Diag-
nostic-Related Groups [46] for each CD, except for hypertension and type 2 diabetes, for
which the scientific literature was consulted [47]. This ratio was assumed to be the same for
MoH and IMSS.

Cost of health services
For MoH, the costing sources listed below were used. General physician and specialist consul-
tation costs were observed from the Universal Catalogue of Health Services (CAUSES for its
acronym in Spanish), a financial tool widely used by the national MoH payer to fund local gov-
ernment health service providers [48,49]. The costs for laboratory and other tests were
obtained from the fee schedule of a representative local health service provider [49]. Prices for
drugs were obtained from the 2012 mandatory federal purchasing guidelines [50]. The costs
for dialysis and hemodialysis sessions were obtained from activity-based costing published in
the scientific literature [43,49]. The cost for ICU bed-days was obtained from the CAUSES cat-
alogue [48]. The general ward bed-day cost was obtained from the top-tier fee schedule of a
representative MoH general hospital in Mexico City [51]; the top-tier is representative of health
services production costs [52].

For IMSS, the costing sources detailed below were used. The official fee schedule for services
rendered to non-beneficiaries was employed for general and specialist physician consultations,
laboratory and other tests, and bed-days in general ward and ICU [53]. Published purchase
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reports were used to obtain costs for drugs [54]. As with the MoH, dialysis and hemodialysis
costs were obtained from the published literature for IMSS-specific activity-based costing
[43,55].

All costs are presented in current US dollars for 2014, adjusted using the consumer price
index as necessary and undertaking a foreign currency conversion using annual exchange rates
published by the International Monetary Fund [56,57].

Statistical analysis
Annual health services consumption expenditure per CD was calculated by multiplying the
quantity of services consumed by the unit cost of each health service. The annual total expendi-
ture per patient per CD was obtained by adding the expenditure from medical consultations,
laboratory and other tests, prescribed drugs, and hospitalization days. For CKD, the cost of kid-
ney dialysis was also included. The 95% confidence interval for the total annual expenditure
per CD and per expenditure component was calculated using the bootstrap technique based on
500 resampling exercises. Herein, confidence intervals reflect only the variation in health care
consumption and do not reflect cost vectors. A bivariate statistical analysis using Wald test was
performed to explore the difference in health services consumption between MoH and IMSS.
All data were analyzed in Stata 10.1 statistical software.

Estimation of the financial burden due to CD for MoH and IMSS
To estimate the financial burden due to the CDs analyzed, the national prevalence of each CD
in adults was first identified. As stated above, ENSANUT identifies the beneficiaries with a CD
diagnosis by assessing CD diagnoses in the past year. In order to strengthen the inference of
current prevalence, the present study obtained CD prevalence from the published literature for
all but depressive disorder and CIHD [9,34,58–62], for which ENSANUT enabled an accurate
estimation by asking, in the Adult section, “Have you ever been told by a doctor that you have
depression?” and “Have you ever been told by a doctor that you have a chronic heart disease?”

In order to estimate the total number of MoH and IMSS adult beneficiaries with a CD, the
total MoH and IMSS adult affiliates was first estimated based on official 2012 affiliation reports
[6,22]. The prevalence per CD was then multiplied by the total adult affiliates. In order to esti-
mate the total number of adult CD beneficiaries who consumed outpatient health services per
year, the number of beneficiaries with a CD were multiplied by the percentage of beneficiaries
who consumed health services according to the published literature [63–69]. In this case,
ENSANUT could not be used given that consumption data is only available for those beneficia-
ries declaring having used services in the last two weeks. Thus, it was not possible to infer
which patients had not used services at all in the past year. In the case of inpatient care, annual
consumption was inferred from ENSANUT given that hospitalization data was obtained for
the past year. Finally, to obtain the financial burden for each institution per CD and per expen-
diture component, the number of beneficiaries with a CD who had consumed health services
in the past year was multiplied by the estimated expenditure per CD. The CD financial burden
was assessed against the total annual institutional health expenditure per institution and as a
percentage of the gross domestic product (GDP) [17].

Results

Analytical sample and beneficiaries diagnosed with a CD
Overall, 7% (14,270) of those surveyed in ENSANUT declared a physician-diagnosed CD. The
resulting sample used to estimate the actual expenditure due to medical care for the selected
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nine CDs was composed of 5,914 beneficiaries, representing 3.4 million beneficiaries and 45%
of the total CD diagnoses at the national level. A total of 3,209 MoH beneficiaries and 2,705
IMSS beneficiaries reported a CD (Fig 1). For both health institutions, arterial hypertension
was the most frequently reported CD, followed by gastritis, type 2 diabetes, and irritable bowel
syndrome; these three diseases represent 81% of the reported CDs for both health institutions.

Outpatient health services consumption
The use of medical consultations was higher in IMSS beneficiaries, with 12% reporting a con-
sultation in the last two weeks, compared to 10% of MoH beneficiaries (Table 1). CIHD was
the only CD where the use of consultations was statistically different across the two health
institutions (F<0.05). Beneficiaries in MoH who reported having been diagnosed with CKD
(14%) or asthma (13%) had the highest percentage of utilization. In the case of IMSS, beneficia-
ries with CIHD (17%) or CKD (16%) had the highest percentage of utilization.

With regards to the intensity of use of medical consultations, IMSS beneficiaries had 3.2
consultations per person per year, whereas MoH beneficiaries had 2.6, although the difference
was not significant. For MoH, the highest number of consultations per person per year was for
beneficiaries with CKD (3.7) or asthma (3.5). In the case of IMSS, beneficiaries with CIHD
(4.4) or CKD (4.4), had the highest number of consultations. The intensity of use of medical
consultations between the two health institutions was statistically different across beneficiaries
with CIHD (F<0.05).

Regarding the medical consultations provider, MoH beneficiaries received more consulta-
tions from a general physician (77%) compared to IMSS beneficiaries (70%). The percentage of
beneficiaries treated by the general physician was significantly different between health institu-
tions for beneficiaries with CKD, and CIHD (F<0.05). MoH beneficiaries diagnosed with
asthma reported that 100% of the consultations were provided by a general physician; in con-
trast, beneficiaries diagnosed with CIHD reported that 67% of the consultations were provided
by a specialist. Among IMSS beneficiaries, those diagnosed with arterial hypertension declared
the highest percentage of consultations provided by a general physician (93%), while those
diagnosed with CKD received the highest percentage of consultations by a specialist (77%).

In general, IMSS prescribed laboratory and other tests to a higher percentage of beneficiaries
(46%) compared to MoH (35%), with the percentage being significantly different between
health institutions for beneficiaries with CKD and osteoarthritis (F<0.05). Among MoH bene-
ficiaries, 50% and 22% of those with CKD, CIHD and depressive disorder, respectively, were
prescribed laboratory and other tests. In the case of IMSS beneficiaries, 69% and 17% of those
diagnosed with CKD and depressive disorder were ordered laboratory and other tests,
respectively.

The drug prescription rates were 94% and 92% for MoH and IMSS beneficiaries, respec-
tively, no difference being statically significant was found. All MoH beneficiaries diagnosed
with osteoarthritis or CIHD, while only 86% of those diagnosed with CKD, were prescribed
drugs. On the other hand, all IMSS beneficiaries diagnosed with CKD were prescribed drugs,
whereas the lowest prescription rate (82%) was reported for those diagnosed with
osteoarthritis.

Hospitalization consumption
Regarding hospitalization rate, 8% and 11% of MoH and IMSS beneficiaries, respectively, had
been hospitalized in the past year. Hospitalization rates were significantly different between
health institutions for beneficiaries with CKD (F<0.05). MoH beneficiaries diagnosed with
CIHD had the highest hospitalization rate (18%), whereas those diagnosed with irritable bowel
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syndrome had the lowest (3%). Among IMSS beneficiaries, the highest hospitalization rate was
observed for patients diagnosed with CKD (35%), while the lowest for those diagnosed with
osteoarthritis (4%). The median length of stay for MoH and IMSS beneficiaries was 3 days, for
which 88% of bed-days were spent in general ward and 12% in ICU (Table 2).

Estimation of the annual expenditure per CD diagnosis
In relation to the estimated annual expenditure per CD diagnosis and expenditure category for
both health institutions (Table 3), the four most expensive CDs were CKD, CIHD, type 2 dia-
betes, and arterial hypertension. The total annual expenditure for CKD was US$ 8,966 and US
$ 9,091 for MoH and IMSS, respectively, whereas for CIHD, arterial hypertension and type 2
diabetes the annual expenditure was US$ 440, US$ 198, and US$ 184 for MoH and US$ 2,800,
US$ 598, and US$ 691 for IMSS, respectively (Table 3).

Expenditure for arterial hypertension (the most diagnosed CD) in MoH was due to hospital-
ization (83%), medical consultation (14%), laboratory and other tests (3%), and drugs (1%). In
the case of IMSS, it was due to hospitalization (79%), medical consultation (20%), and labora-
tory and other tests and drugs (1%, not shown in tables).

For all CDs, annual expenditure was greater for IMSS compared to MoH. The greatest dif-
ference was observed for irritable bowel syndrome, with expenditure for IMSS being 7-fold
that for MoH. Among the most diagnosed CDs, the estimated expenditure for IMSS for arterial
hypertension, gastritis and type 2 diabetes was 2, 1.9 and 2.8 times greater than for MoH,
respectively. With respect to expenditure categories, IMSS had a consistently greater expendi-
ture in medical consultations provided by general physicians, specialists, and hospitalizations
in general ward and ICU. Regarding drugs, for three (arterial hypertension, depressive disorder
and CIHD) of the nine CDs, IMSS had a greater expenditure than MoH, whereas the expendi-
ture level was the same for the remaining CDs, except for asthma where MoH had a greater
expenditure than IMSS. For laboratory and other tests, IMSS had a greater expenditure level

Table 2. Reported hospitalization by insured diagnosed with a chronic disease in ENSANUT, by health institution.

Chronic disease % hospitalized
in the last
year*

Median length of stay
in the

last year(min-max)*

% of hospitalization in general
ward**

Information source for
hospitalization ward

MoH IMSS MoH IMSS MoH and IMSS***

Arterial hypertension 5% 6% 3 (1–30) 3 (1–30) 60% [47]

Gastritis 5% 5% 3 (1–15) 2 (1–25) 100% [77]

Type 2 diabetes 6% 7% 3 (1–30) 3 (1–30) 71% [47]

Irritable bowel syndrome 3% 5% 1 (1–6) 2 (1–30) 100% [46]

Depressive disorder 6% 6% 2 (1–8) 11 (1–30) 100% [46]

Chronic kidney disease 16% 35% 3 (1–30) 4 (1–30) 100% [46]

Osteoarthritis 6% 4% 3 (1–4) 8.5 (4–30) 100% [46]

Chronic ischemic heart disease 18% 24% 4 (1–15) 7 (1–22) 65% [46]

Asthma 9% 8% 3 (1–30) 1.5 (1–15) 100% [46]

Average/median 8% 11% 3 (1–30) 3 (1–30) 88%

Source:

*Own processing based on information of ENSANUT 2012;

**Other information source.

Notes:

*** = the remaining percentage of hospitalization refers to stay in the intensive care unit; MoH = Ministry of Health; IMSS = Mexican Institute of Social.

doi:10.1371/journal.pone.0145177.t002
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than MoH in three (osteoarthritis, asthma and CIHD) of the nine CDs (not shown in tables).
With respect to kidney dialysis, MoH spent 20% (US$ 8,546) more in comparison with the
amount spent (US$ 7,140) by IMSS.

On average, hospitalization represented the greatest annual expenditure (63%), except for
CKD, where kidney dialysis contributed to 87% of the expenditure. For both health institu-
tions, CIHD was the CD for which hospitalization represented the greatest percentage of the
total expenditure, namely 94% for MoH and 89% for IMSS (not shown in tables).

Estimation of the actual financial burden due to CD
Considering the prevalence of each of the nine CDs reported and the population covered by
MoH and IMSS (Table 4), it was estimated that the MoH was responsible for providing medical
care to 36.7 million CD diagnoses among its adult beneficiaries. Thus, during 2012, 14.1 mil-
lion beneficiaries with one CD diagnosis demanded medical consultations, 4.5 million were
prescribed laboratory and other tests, 13.1 million were prescribed medications, 2.2 million
were hospitalized, and 75,900 underwent kidney dialysis. In 2012, IMSS was responsible for the
medical care of 28.9 million CD diagnoses; of these, 11.1 million demanded medical consulta-
tions, 4.7 million were prescribed laboratory and other tests, 10.2 million were prescribed med-
ications 2.2 million were hospitalized and 59,700 underwent kidney dialysis (Table 4).

The financial burden from CDmedical care to MoH and IMSS beneficiaries was US$ 1.42
billion and US$ 3.96 billion, respectively. From the perspective of expenditure categories, in
MoH, kidney dialysis represented 45% of the total CD financial burden, whereas 26% was due
to medical consultations, 25% to hospitalization, 2% to laboratory and other tests, and 1% to
drugs. Regarding IMSS, 48% of the total CD financial burden was due to hospitalization, 40%
to medical consultations, 11% to kidney dialysis, and 1% to laboratory and other test and
drugs, respectively. CKD, arterial hypertension, type 2 diabetes, and CIHD accounted for most
of the CD financial burden of both institutions, amounting to 88% at MoH and 85% at IMSS
(Table 5).

The financial burden on the MoH of the nine CDs represented 8% of the total annual MoH
health expenditure and 0.12% of the GDP. In the case of IMSS, the CD financial burden repre-
sented 25% of the annual IMSS total health expenditure and 0.32% of the GDP. Thus, the total
joint CD financial burden for both health institutions was 0.44% of the GDP.

Discussion
Herein, the expenditure due to medical care of the nine highest prevalence CDs, excluding can-
cer, cerebrovascular disease, arthrosis and rheumatic fever, has been estimated from the per-
spective of the main health providers in Mexico–the MoH and IMSS. The present study found
that the annual expenditure per CD diagnosis ranged from US$ 31 (irritable bowel syndrome
at MoH) to US$ 9,091 (CKD at IMSS). For most CDs, the expenditure driver was hospitaliza-
tion and, specifically, ICU bed-days, except for CKD, were the driver was kidney dialysis. The
expenditure for every CD was greater at IMSS compared to MoH. For both health institutions,
the CDs contributing the most to the actual financial burden were CKD, arterial hypertension,
type 2 diabetes, and CIHD. The financial burden of the CDs analyzed represents 8% and 25%
of the annual MoH and IMSS total health expenditure, respectively, jointly representing 0.44%
of the GDP.

The financial burden disparity between MoH and IMSS may be attributed to the unit cost
difference for hospitalization and medical consultation, rather than the intensity of health ser-
vices consumption. Indeed, such differences were not found to be statically significant for most
CDs. The general ward and ICU unit cost per bed-day at IMSS was 1.59 and 1.33 times greater,
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respectively, compared to MoH unit costs, whereas with respect to medical consultations, the
cost for a general physician and a specialist at IMSS was 3.8 and 5.2 times greater compared to
MoH.

The present study led to significantly different findings than those reported in previous
studies. Arredondo and Reyes [26] estimated that the financial burden for the medical care of
hypertension for all public providers in 2012 was US$ 3.1 billion, assuming all patients in need
received ideal patterns of care. Herein, the total estimated financial burden for MoH and IMSS
was US$ 1.1 billion, indicating the importance of analyzing actual data rather than ideal pat-
terns of care.

Arredondo and Reyes [24] also estimated the cost per diabetic patient in 2011 to be US$ 707
if care was provided according to clinical guideline standards, a figure 62% greater than that
indicated herein. Mendez et al. [47], using expert panel-based costing estimates, stated an
annual per diabetic patient cost of US$ 1,428, a figure 226% greater than the current findings.
The differences in the estimates of these two studies further suggest that the approach used
herein renders more reliable figures, at least in the case of diabetes. Cortes-Sanabria et al. [55],
using a bottom-up costing method, estimated the cost of end-stage renal disease at US$ 14,107,
a figure 55% greater than the present finding for CKD in general, thus validating the current
approach.

The present study estimated actual expenditure by specific CD diagnoses, as allowed by the
currently available data, and in particular that from ENSANUT, a nationally representative
survey. Expenditure for specific CDs was established by excluding beneficiaries reporting more
than one CD–amounting to 23% of the total surveyed population. Total expenditure for the
nine CDs was estimated from national prevalence data, thus taking into consideration the
expenditure for multimorbid patients.

Despite its interesting findings, the present study has some important limitations. By relying
on CD diagnosis and health services consumption data from the survey, the information used
is subject to social desirability [70] and recall biases; both are likely to underestimate the calcu-
lated expenditures. Social desirability bias could contribute to a lack of reporting by beneficia-
ries with a diagnosed CD or to an underestimation of the health services consumption,
whereas recall bias could lead to beneficiaries forgetting to report outpatient health services
consumed in the past two weeks or hospitalization in the past year. Further, the present study
relied on clinical guidelines and expert panel interpretation for the specification of the con-
sumption of laboratory and other tests and drugs, leading to a possible over-estimation of
actual provision. Nevertheless, this bias is of minor importance to the overall expenditure esti-
mates given that laboratory and other tests and drugs expenditure represents less than 5% of
the total financial burden of both health institutions. Other possible biases include the estima-
tion of the distribution of hospital length of stay between general ward and ICU, of the con-
sumption of kidney dialysis, and of multimorbid CD expenditure. These estimations had to
rely on the reported consumption from studies that, whilst reliable, had different purposes and
methodologies. However, the kidney dialysis literature was based on costing studies for each of
IMSS and MoH [42,43]. Additionally, the total expenditure incurred by multimorbid patients
could be higher or lower than the estimates based on single diagnoses. The calculation of
expenditure for single CD diagnoses could have biased the financial burden estimation given
that the 23% of cases at the national level that are multimorbid could incur a greater expense
due to poor health or a lesser expense due to efficiency gains in medical care for more than one
disease.

Health service unit costs were based on institution-specific, official, updated cost schedules
that are widely applied for economic transactions. However, cost schedules are not necessarily
correctly estimated to ensure that institutions charge market or production costs. Indeed, some
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of the cost schedules used are applied by institutions to charge for services provided to patients
not protected by insurance mechanisms or to fund MoH primary care and general hospital
expenditures. The cost schedules used herein form the basis of most Mexican health economic
studies and have been found to be reliable for diverse purposes [55,71,72].

Another limitation of this study is the assumption that all hospitalizations reported in
ENSANUT for surgery and illness were related to the diagnosed CD, with a possible expendi-
ture overestimation. To assess this possible bias, the median length of stay per CD reported by
ENSANUT was compared to that per CD reported for each institution in the Automated Hos-
pital Discharge Subsystem [73]. No significant differences were found for most CD across the
two databases, suggesting that the assumption was warranted.

Conclusions
Mexico is undergoing a rapid epidemiological transition, with CDs already occupying the first
ranks in morbidity and mortality. Indeed, the financial burden by the two main health institu-
tions of the country reflects this epidemic. The annual expenditure per patient reported herein
is not as high as that projected in other studies assuming ideal patterns of care, suggesting that
health institutions are facing a large, unmet need due to both undiagnosed illness and under-
treatment.

Health institutions should improve health promotion and disease detection, diagnosis, and
treatment to ensure primary and secondary prevention. Prevention measures should focus in
cost-effectiveness analyses of alternative prevention and treatment pathways to identify the
most efficient alternatives and synergistic patterns of health care organization. Integrated
health services with the most synergetic arrangements should be sought across diseases with
common risk factors and treatment pathways [74]. Costing studies should form an essential
component in the design of such interventions [75, 76].

Further research is required to assess the reliability of the unit costs of the main health insti-
tutions in Mexico. The present study suggests the need to develop bottom-up costing studies to
assess comparability and reliability. National health surveys should be more specific with
regard to CD diagnoses. Further studies should also be undertaken to establish the disease
stage at diagnosis in order to more accurately ascertain expenditure. With these approaches,
costing for cancer should be undertaken. Future studies should also estimate the cost of CDs
from the societal perspective in order to achieve a more complete view of the financial burden
generated by CDs. Finally, costing studies of multiple CD beneficiaries are also a necessity for
stakeholders in Mexico.
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