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Abstract

Objective

This study aimed to estimate the magnitude of the association between overall household
health expenditures & the presence of members with a chronic disease in the household.

Research design & methods

This was a cross-sectional analysis of a probabilistic household survey, which gathered
data on previously diagnosed type 2 diabetes mellitus and hypertension as well as health
expenditure in Mexico. From an analytic sample of 44,000 households, we identified those
having at least one member with diabetes or hypertension and determined their health
expenditure. Using matching procedures, we compared these data with those of households
lacking such individuals.

Results

We found that 24% of the households had at least one member who had been diagnosed
with diabetes, hypertension, or both. Households with such members reported health
expenditures that were 25%—34% (P <0.01) higher than households without such individu-
als. Such differences were more pronounced among households at lower socioeconomic
levels and among those with no or limited health insurance.

Conclusions

In addition to their impact on individual health, chronic ailments exert financial pressure on
households. The additional health-care expenditure for households owing to such diseases
leaves them financially exposed—especially households with lower income levels.
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Introduction

In 2012, non-communicable diseases (NCDs) accounted for 38 million deaths worldwide, rep-
resenting 68% of all deaths; most of those deaths (28 million, 74%) occurred in low- or mid-
dle-income countries [1]. Among NCDs, the incidence of diabetes has increased rapidly in
recent decades; it has become a global pandemic, affecting both developed and developing
countries [2]. One estimate of the worldwide prevalence of diabetes suggested that in 2010
about 6.4% of individuals aged 20-79 years suffered from diabetes. That proportion is expected
to increase to 7.7% by 2025 [3]. Hypertension is also a major health issue since it is an impor-
tant risk factor for cardiovascular and kidney disease. According to one study, hypertension
affected 26.4% of the global adult population in 2005, and it is expected to increase to 29.2% by
2025 [4].

One investigation for the United States determined that the total cost of diagnosed diabetes
in 2012 was $245 billion; that figure for 2017, is expected to show a 41% increase [5]. That
study found that individuals with diagnosed diabetes face medical expenditures 2.3 times
higher than non-diabetics. Owing to both the prevalence of NCDs and high costs associated
with their health consequences, their economic impact is considerable. For the period 2011-
25, total economic losses due to those causes in low- and middle-income countries are esti-
mated to be US$7 trillion [5]. Previous analyses have already highlighted the financial burden
that NCDs impose on poor households in low- and middle-income countries; NCDs may in
fact increase income inequalities [6]. This issue is particularly relevant with regard to health
insurance coverage. People facing financial constraints may suffer an extra financial burden
owing to their health, which could result in impoverishment [7].

In Mexico, the burden of chronic diseases has been extensively documented; the country is
among those with the highest number of people living with NCDs [8, 9]. NCDs in Mexico
account for over 47% of total premature deaths from all causes in men and for more than 67%
in women. From a government perspective, designing interventions to address the high costs
associated with these conditions has been a priority in recent years [9].

Based on the analysis of the disease burden, diabetes is the leading cause of years of healthy
life lost in Mexico: the increased mortality from 1990 to 2010 was 82% [10]. Diabetes has
become the main health problem in Mexico. The incidence of diagnosed diabetes among
adults 20 years and older increased from 4.6% in 2000 (about 2.1 million individuals) to 9.2%
in 2012 (6.4 million individuals): that is a 100% increase [11]. The disease is the second-leading
cause of death: the increase in mortality from 1990 to 2010 was 82%. Based on analyses of dis-
ease burden, diabetes is the leading cause of years of healthy life lost [10]. Based on previous
estimates of the diagnosed/undiagnosed ratio, a total prevalence of at least 15% was expected
in 2012[12, 13]. The Organisation for Economic Co-operation and Development estimates of
diabetes in Mexico suggest a total prevalence of 15.9%—the highest among member countries
[14]. The financial burden of the disease will increase owing to its early onset: 23.8% of people
aged 40-59 years and 5.9% for those aged 20-39 years. This will result in extended utilization
of health services and productivity loss. The same applies to hypertension, especially for young
people with cardiovascular diseases [1].

The prevalence of hypertension, one of the most important risk factors for cardiovascular
disease [4], remained relatively stable between 2000 and 2012 in Mexico: it increased from
30.1% to 31.4% among adults aged 20 years and older [11]. However, the number of people
unaware of their high blood pressure could be problematic. In 2012, 47.3% of individuals diag-
nosed with hypertension were previously unaware of their blood pressure status [15].

An analysis of individuals diagnosed with diabetes in Mexico revealed that about half of
them were also diagnosed with hypertension [12]. The distribution of diabetes and
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hypertension across the country shows marked heterogeneity among states: variations range
from 4.8% among males in Chiapas to 15.5% among women in Nuevo Le6n [12].

Having to deal with the treatment and care of NCDs may constitute a major financial bur-
den for affected households: it could push them into poverty, especially those without public
health coverage [16]. However, the cost for people living with diabetes or hypertension is
unknown—even though estimating the financial burden of those suffering from such ailments
is relevant in terms of pursuing universal health coverage and ensuring effective access to
health services. According to one estimate, the cost of managing diabetes in Mexico varies con-
siderably by institution: from $700 to $3,200 a year [12]. This discrepancy underlines the need
for obtaining precise estimates based on household data.

The objective of the present study was to determine the differences in health expenditure
among households with a member diagnosed as having diabetes or hypertension; we then
aimed to compare those results with the health expenditure of households without such indi-
viduals. That would allow us to estimate the magnitude of the financial burden those condi-
tions imposed on Mexican households. In addition, we assessed if differences in that burden
were related to the type of health insurance.

Research design and methods

In this paper, we report a cross-sectional analysis of data from a national probabilistic survey,
the National Health and Nutrition Survey 2012 (ENSANUT 2012). A detailed description of
the survey design and sampling is reported elsewhere [17]. Briefly, the ENSANUT 2012 was a
national- and state-level (subnational) representative survey of the Mexican population con-
ducted in 2012; the survey was stratified for rural and urban populations.

The ENSANUT 2012 collected data from 50,238 households. The survey obtained informa-
tion on general dwelling characteristics as well as household and individual characteristics.
Details were provided by an adequate household informant, who was defined as a current resi-
dent of legal age with sufficient knowledge of all household members. Data were also obtained
from one randomly selected individual in each of the following age-ranges at each household:
up to 9 years; 10-19 years; and 20 years or older (regarded as adults). The analytic sample com-
prised 44,000 households (with data from at least one adult). Among a set of health conditions,
selected adults were asked about existing diagnoses of diabetes and hypertension. That infor-
mation was used to identify households having at least one member with diabetes, hyperten-
sion, or both.

We used data reported at the household level to determine total expenditure per household,
health expenditure per household, and (based on those two variables) health expenditure as a
percentage of total household expenditure. The survey covered household health expenditure
for the last quarter (last 3 months; see the specific wording of the items in the questionnaire in
the S1 Table). It included the following categories: inpatient services; outpatient services;
drugs; laboratory and other diagnostic services; and additional health services. Expenditure
data were obtained from a household key informant (usual resident of the household of 18
years or older), who may or may not have been the same person who provided information
about health conditions (because of random sampling of individuals form household mem-
bers’ roster, the household informant may or may not being sampled). Expenditure data were
collected for the household, not for specific individuals; thus, it was not possible to distinguish
between individual health-related expenditure and household health expenditure.

Details of financial protection for health were derived from the health insurance status of
the reporting adult. We categorized that status as uninsured, social security, or Seguro Popular
(health insurance for individuals without social security).
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In the present study, we also used the socioeconomic indicator generated for ENSANUT
2012. Details on this indicator are published elsewhere; briefly, this indicator categorized
households into socioeconomic quintiles and was constructed by estimating household
income levels [18].

We report descriptive statistics comparing households with and without members in the
previously described categories (diabetes, hypertension, or both) with their confidence
intervals.

We recognized the potential selection bias related to the characteristics of households with
individuals having either or both of the described diagnoses; thus, we implemented ex-post
matching based on characteristics that could be assumed to be independent of time. Using
matching estimations allows a comparison of households that are similar in most characteris-
tics except that of having members with chronic conditions [19-21]. We estimated differences
in health expenditure and proportion of total health-related expenditure using an average
treatment effect approach.

Estimation models adopted 1:1 propensity-score matching (PSM) and nearest-neighbor
matching (NNM). With the two approaches, matching variables were as follows: size of house-
hold (number of members); number of school years for head of household; number of school
years for spouse of head of household; sex and age of head of household; number of depen-
dents; marginalization index at locality level; state of residence; and household quintile. Ordi-
narily, household size affects general expenditure: larger households have greater expenditure.
Schooling is related to both overall socioeconomic status and health knowledge; thus, it is
related to health expenditure. Locality variables reflect socioeconomic conditions and avail-
ability of health services. The NNM identifies the closest observation based on a set of defined
covariates using the Mahalanobis distance. PSM is a technique that uses an index of the char-
acteristics of the analytic units. In the present study, those characteristics involved the condi-
tional probability of a household member having a chronic condition. With that index, the
closer the proximity of two observations, the greater is the likelihood that they have sufficient
similarity to allow comparison [22]. As noted above, we selected those variables because of
their relatively time-invariant characteristics so as to reflect pre-disease conditions. PSM has
previously been used to determine health expenditure in Mexico [23, 24].

We undertook our analyses using Stata, version 13.1 (StataCorp, College Station, TX, USA).

Data collection and analysis of ENSANUT 2012 were approved by the National Institute of
Public Health in Mexico Committee of Ethics on Research, which meets both Mexican and US
requirements for human subject protection. Informed consent was obtained from all partici-
pants following procedures reviewed and approved by that ethics committee.

Results

Among all the analyzed households, 11% (n = 4,403) had at least one member who had been
diagnosed with diabetes; 18% had at least one member diagnosed with hypertension

(n =7,606); and 24% (n = 9,900) had at least one member diagnosed with either diabetes or
hypertension. On average, the quarterly household health expenditure was 884 pesos (about
US$44.2). When comparing households having members diagnosed with either diabetes or
hypertension with those lacking such individuals (Table 1), quarterly household health expen-
diture was greater among the former than the latter.

Those differences remained even after stratifying by socioeconomic quintiles. For each
quintile, quarterly household health expenditure was greater among households having mem-
bers with the chronic diseases than households lacking such individuals. Table 2 presents the
proportion of total household expenditure devoted to health care. As evident in that table,
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Table 1. Average (95% confidence intervals) household quarterly health expenditures (in pesos) among Mexican households according to presence of household
members with diagnosed diabetes or hypertension.

All

1st quintile

2nd quintile

3rd quintile

4th quintile

5th quintile

Households having at least one member with

diabetes

No

855.46
(808.94-901.98)
225.87
(204.89-246.85)
415.95
(380.23-451.66)
583.02
(535.66-630.38)
975.10
(894.99-1,055.22)
2,193.57
(2,006.40-2,380.75)

Yes

1,127.45
(985.59-1,269.30)
264.90
(178.53-351.28)
492.65
(377.93-607.37)
644.91
(511.60-778.21)
1,182.61
(986.99-1,378.22)
2,839.20
(2,267.81-3,410.59)

https://doi.org/10.1371/journal.pone.0201333.t001

Households having at least one member with

hypertension

No

806.96
(763.69-850.23)
215.45
(197.05-233.86)
403.37
(370.34-436.40)
557.90
(512.05-603.75)
942.07
(863.71-1,020.43)
2,062.66
(1,887.43-2,237.89)

Yes

1,228.05
(1,092.31-1,363.79)
311.40
(230.82-391.99)
522.70
(405.67-639.73)
717.82
(598.46-837.18)
1,223.83
(1,033.04-1,414.63)
3,075.31
(2,513.59-3,637.02)

Households having at least one member with
diabetes or hypertension

No

795.77
(751.06-840.48)
215.00
(196.02-233.98)
402.28
(367.32-437.25)
558.75
(511.79-605.71)
934.38
(851.65-1,017.10)
2,029.87
(1,851.07-2,208.67)

Yes

1,169.15
(1,057.12-1,281.17)
289.91
(225.81-354.00)
497.54
(405.39-589.70)
681.66
(580.12-783.20)
1,184.57
(1,020.87-1,348.26)
2,945.21
(2,482.65-3,407.77)

household health expenditure as a percentage of total expenditure was greater among house-
holds having members diagnosed with diabetes or hypertension than among households with-
out such individuals. The differences were as follows: 39% higher in households having
members with diabetes; 52% higher in households having members with hypertension; and
49% higher in households having members with both conditions. As indicated in Fig 1, those
differences were greater for the first quintile and statistically significant (P <0.01). This finding
suggests that among households with higher economic constraints, the additional financial
burden of those conditions was even greater.
Fig 2 presents balance plots for the matching. As evident in that figure, matching facilitated
comparisons among the groups: it resulted in groups that were similar in terms of time-invari-

ant characteristics related to expenditure. When evaluating the differences among the groups
using matching, the differences in health expenditure and as a proportion of total health

Table 2. Average (95% confidence interval) percentage of total household health among Mexican households according to presence of a member with diagnosed

diabetes or hypertension.

Households having at least one member

All

1st quintile

2nd quintile

3rd quintile

4th quintile

5th quintile

with diabetes
No
4.02
(3.87-4.17)
3.46
(3.13-3.79)
3.35
(3.12-3.58)
3.68
(3.43-3.93)
4.42
(4.14-4.70)
5.25
(4.91-5.58)

Households having at least one member
with hypertension

Households having at least one member
with diabetes or diabetes

Yes No Yes No Yes
5.57 3.82 5.79 3.75 5.58
(5.09-6.05) (3.68-3.97) (5.40-6.19) (3.61-3.89) (5.22-5.95)
4.53 3.17 5.87 3.10 5.49
(3.32-5.74) (2.86-3.47) (4.71-7.03) (2.82-3.38) (4.33-6.65)
4.85 3.31 4.47 3.23 4.46
(3.81-5.88) (3.07-3.54) (3.79-5.14) (2.99-3.47) (3.86-5.06)
4.79 3.47 5.09 3.44 4.87
(3.88-5.69) (3.22-3.73) (4.43-5.76) (3.17-3.70) (4.29-5.44)
6.04 422 6.14 4.16 591
(5.17-6.92) (3.96-4.48) (5.33-6.94) (3.88-4.43) (5.20-6.62)
7.28 5.07 7.10 4.97 6.92
(6.12-8.43) (4.71-5.42) (6.30-7.90) (4.61-5.33) (6.23-7.61)

https://doi.org/10.1371/journal.pone.0201333.t002
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Fig 1. Mexican household health expenditure as proportion of total expenditure according to presence of a member with diagnosed diabetes or hypertension.

https://doi.org/10.1371/journal.pone.0201333.9001

expenditure were greater than 0 in all cases. As indicated in Table 3, household expenditure
was 162-284 pesos (about US$7.3-15.8; i.e., 19%-27%) higher in households having at least
one member with diabetes than those without such individuals. The differences were greater
for households lacking health insurance. With respect to type of insurance, the differences
were greater for households having Seguro Popular than those with social security.

For households having members with hypertension, health expenditure was 233-285 pesos
(about $11.1-15.4; i.e., 29%-35%) higher than those without such diagnosis. The differences in
terms of type of insurance were similar to those for diabetes: households lacking insurance had
an additional burden of 463-470 pesos. For households having at least one member with either
diabetes or hypertension, health expenditure was 220-273 pesos (about $10.5-13.0; i.e., 28%-
34%) higher than those without such individuals.

With respect to proportion of total health expenditure, households having members with
diabetes had 0.59-0.62 percentage points higher expenditure (i.e., 15%) than households with-
out such individuals. For hypertension, the greater expenditure amounted to 0.99-1.02 per-
centage points (i.e., 26%-27%). For either of the two conditions, the greater expenditure was
0.82-0.97 percentage points (i.e., 22%—-26%).

Discussion

This paper offers a quantitative estimate of the additional financial burden to which Mexican
households are exposed with respect to chronic diseases, particularly diabetes and
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Fig 2. Balance plots for the matching procedure:
members with either diabetes or hypertension.
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i) households having members with diabetes; ii) households having members with hypertension; iii) households having

hypertension. We found that health expenditure as a proportion of total household expendi-
ture increased on average by 25% among households having members diagnosed with one of
those conditions. That difference was up to 77% among households in the lowest income quin-
tile: 5.49% versus 3.10% [25].

Households in the lowest income quintile having members with diabetes or hypertension
reported a higher financial burden, and Seguro Popular covered a large proportion of those
households: this represents an important challenge for that insurance scheme and its public
providers. We found that households having members with either diabetes or hypertension
under Seguro Popular insurance faced a heavier financial burden than those under social secu-
rity insurance. This may result in differential access to medicines, exacerbating the situation
for an already financially vulnerable population.

The relationship between household expenditure and chronic disease has been previously
examined. In particular, the challenge for low- and middle-income countries has been
highlighted [6]; however, not many studies have addressed this issue [26]. In Nepal, Saito et al.
reported a positive correlation between hypertension and household expenditure [27]. One
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Table 3. Difference (95% confidence interval) in total expenditure and percentage of total household health among Mexican households having a member with
diagnosed diabetes or hypertension matched with households without such individuals.

All households

Households having members with diabetes

Households having members with hypertension

Households having members with diabetes or hypertension

Uninsured households

Households having members with diabetes

Households having members with hypertension

Households having members with diabetes or hypertension

Seguro Popular households

Households having members with diabetes

Households having members with hypertension

Households having members with diabetes or hypertension

Social security households

Households having members with diabetes

Households having members with hypertension

Households having members with diabetes or hypertension

PSM, propensity score matching; NNM, nearest neighbor match

7 p<0.01
** p<0.05
* p<0.1

https://doi.org/10.1371/journal.pone.0201333.t1003

Health expenditure Health expenditures as % of total
expenditure
PSM NNM PSM NNM
233.02"** 162.48*** 0.59%** 0.62%**
(231.13-234.90) (161.24-163.72) (0.59-0.60) (0.61-0.62)
233.02"** 285.32°** 0.99** 1.02**
(230.89-235.16) (284.00-286.64) (0.99-1.00) (1.01-1.02)
273.24*** 220.53*** 0.97*** 0.82"**
(271.49-274.99) (219.27-221.78) (0.96-0.98) (0.81-0.82)
PSM NNM PSM NNM
400.46"** 707.67*** 1.98*** 2.73***
(396.46-404.46) (704.75-710.59) (1.96-1.99) (2.72-2.74)
372.52*** 571.43*** 1.91%%* 2.20%**
(368.90-376.15) (568.59-574.27) (1.90-1.93) (2.19-2.21)
323.76*** 569.93*** 1.60%** 2.06"**
(320.28-327.25) (567.11-572.75) (1.59-1.62) (2.05-2.07)
PSM NNM PSM NNM
148.09*** 121.37*** 0.38"** 0.26***
(144.74-151.43) (118.92-123.83) (0.38-0.39) (0.25-0.27)
470.71*** 463.16"** 0.80"** 1.10%**
(467.02-474.41) (460.66-465.66) (0.79-0.81) (1.09-1.11)
330.51"** 387.26"** 0.72*** 0.93***
(327.00-334.01) (384.79-389.74) (0.71-0.73) (0.93-0.94)
PSM NNM PSM NNM
57.40°** 123.10*** 1.01%** 0.78"**
(55.36-59.44) (121.62-124.59) (1.00-1.02) (0.77-0.78)
102.16*** 171.66*** 0.59** 0.95***
(100.09-104.23) (170.17-173.14) (0.58-0.59) (0.94-0.96)
103.04*** 93.94*** 0.61%** 0.66***
(100.86-105.21) (92.47-95.41) (0.60-0.62) (0.65-0.66)

investigation in Mexico reported the financial burden for households having members with
diabetes: it found a high proportion of out-of-pocket expenditures for health care there [25].
In India, Ramachandran et al, determined that diabetics spent up to 30% of the household
income on health care [28]. For Mexico, one recent analysis used the same survey data as the
present study (ENSANUT 2012); however, it estimated costs using unit costs from other
sources rather than directly reported expenditure, as examined here. That earlier study found
that chronic diseases may account for up to 25% of total expenditure among the main care
providers in Mexico [29]. Estimations based on modeling in Mexico suggest that diabetes-

related expenditure can have catastrophic consequences [30].

The increased financial burden associated with diabetes and hypertension may also consti-
tute a barrier for seeking health care. It has been reported that a major proportion of ambula-
tory care is provided in the private sector through out-of-pocket expenditure [31]; this poses a
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threat to the provision of continuous care. The extra financial burden for health care among
households may be exacerbated by drug shortages at public facilities. Data from the ENSA-
NUT 2012 survey indicate that only 66%-86% of users of public health services received their
prescribed medicines at the public facilities they attended [11].

One study found that access to health services in Mexico was related to health insurance
and also to other social determinants of health: being poor and living in small localities
decreased the probability of using ambulatory health services [32]. To tackle this additional
financial burden, it is necessary to address both health insurance and the structural quality of
health services; with the latter, that particularly applies to the provision of all prescribed drugs
[33].

One important limitation of the present study is that ENSANUT was not designed to obtain
detailed information about household expenditure. As with all self-reported data, reported
expenditure may be affected by recall bias; however, that should affect all households. In a
comparison of households with the same survey data, that limitation should equally affect
households both having and lacking members diagnosed with chronic diseases. Thus, we do
not believe that this limitation affected the results. It would be desirable for similar estimates to
consider household income; however, that would not be possible using the ENSANUT data. In
addition, not all adult residents were interviewed in the survey; thus, there may have been
unreported household members with diabetes or hypertension. The sample in the present
study was probabilistic: we would expect such other unreported household members to be dis-
tributed among all household types, thereby cancelling out the potential bias. Diabetes and
hypertension are related to other health conditions (e.g., obesity, heart disease); accordingly,
the additional financial burden may reflect those other conditions and not be limited to diabe-
tes and hypertension.

As documented in other studies [30], chronic diseases can have negative impacts on indi-
viduals in addition to their health effects; that additional impact can lead to a deterioration in
household living conditions. The financial burden may result in reduced access to health care,
resulting in further health deterioration. Increased health-care expenditure may represent an
opportunity cost with respect to other household expenditures. This problem is compounded
when considering the presumed reduction in income owing to health problems, and it consti-
tutes an important impoverishment factor.
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