Investigacion original / Original research

Mortality trends from diabetes mellitus in the
seven socioeconomic regions of Mexico,

2000-2007

Juan Jesus Sanchez-Barriga'

Suggested citation

Sanchez-Barriga JJ. Mortality trends from diabetes mellitus in the seven socioeconomic regions of Mex-
ico, 2000-2007. Rev Panam Salud Publica 2010;28(5):368-75.

ABSTRACT

Key words

Objective. To determine trends in mortality from diabetes mellitus nationwide according to
federative entity, socioeconomic region, and sex and to establish the association between edu-
cation level, federation entity of residence, and socioeconomic region and mortality from dia-
betes in Mexico during the years 2000-2007 .

Methods. Records of mortality associated with diabetes for 2000-2007 were obtained from
the National Information System of the Secretariat of Health. This information is generated by
the National Institute of Statistics, Geography and Informatics through death certificates.
Codes of International Classification of Diseases, 10th Revision, that correspond to the basic
cause of death from diabetes mellitus were identified. Rates of mortality by federative entity and
socioeconomic region were calculated, along with the strength of association (obtained by Pois-
son regression) between federative entity of residence, socioeconomic region, and education level
and mortality from diabetes. The seven socioeconomic regions elaborated by the National Insti-
tute of Statistics, Geography and Informatics include the 32 federative entities according to in-
dicators related to well-being such as education, occupation, health, housing, and employment.
Results. Individuals who did not complete elementary school had a higher risk of dying from
diabetes (relative risk [RR] 2.104, 95% confidence interval [CI] 2.089-2.119). The federative
entity and socioeconomic region with the strongest association with mortality from diabetes
were Mexico City (RR 2.5, CI 2.33-2.68 for 2000; RR 2.06, CI 1.95-2.18 for 2007) and region
7 (RR 247, CI 2.36-2.57 for 2000; RR 2.05, CI 1.98-2.13 for 2007).

Conclusions. Mortality rates increased from 77.9 to 89.2 per 100 000 inhabitants in the pe-
riod 2000-2007. Women had higher mortality than men. Individuals who did not complete el-
ementary school had a higher risk of dying from diabetes (RR 2.104, CI 2.089-2.119). Mexico
City as federative entity and socioeconomic region 7 presented the strongest association with
mortality from diabetes.

Diabetes mellitus; mortality; social class; Mexico.

The World Health Organization esti-
mates that around 57 million people
died in 2002 worldwide; 998 000 of them
died of diabetes (1). This disease ranked
12th as a cause of mortality, with 1.9% of
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deaths, and it is expected to rank seventh
worldwide by the year 2030, accounting
for 3.3% of deaths (2). The International
Diabetes Federation has estimated that
the number of individuals with diabetes
will increase from 284.6 million in 2010
to 438.4 million in 2030 (3).

In 2000, there were 339 035 deaths due
to diabetes in Latin America and the
Caribbean, which represented a loss of

757 096 years of productive life among
persons under 65 years of age and an ex-
penditure of more than US$3 000 mil-
lion. Permanent disability caused a loss
of 12699 087 years and of more than
US$50 000 million, and temporary dis-
ability caused a loss of 136 701 years in
the active population and roughly
US$763 million. The estimated annual
cost of diabetes in Latin America and the
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Caribbean is approximately US$65 216
million (4).

In Mexico, diabetes has a very high
economic cost because of the high preva-
lence of the disease. In relation to expen-
diture on diabetes in 2009, an increase
of 33% is expected by 2011. The total
expenditure projected for that year is
US$778 427 475. This amount includes
direct costs (US$343 226 541) and indi-
rect costs (US$435 200 934) (5).

In Mexico, 52% (US$162 252 503) of
medical expenses for the management of
diabetes is covered by the individual, 3%
is covered by private medical insurance
(US$9 360 714), while 45% is covered by
the government. Of each US$100 spent
in Mexico for treating diabetes, there is a
US$55 benefit to 10% of the population
covered by the private sector, while
US$45 is used to provide medical atten-
tion to 90% of the population. The afore-
mentioned shows a great disparity in
medical attention for diabetics in Mex-
ico. This deficient medical attention
leads to complications and consequently
the disability and premature death of
these subjects (6).

Diabetes reduces life expectancy and
is associated with few years of healthy
life. In Mexico, it has been observed that
subjects 50 and 80 years of age have a de-
creased life expectancy of 10 and 4 years,
respectively. On the other hand, life ex-
pectancy without disability in diabetics
at the age of 50 was 20.8 years and in
nondiabetics was 29.9 years (7).

In other countries like the United
States of America (U.S.), diabetes ranked
sixth as the main cause of death in the
year 2000 with 69 301 deaths (8). By the
year 2005, the U.S. had 75 119 deaths due
to diabetes (9). In 2007, 17.5 million dia-
betics were identified, and the cost of di-
abetes for the U.S. health system was
$174 Dillion dollars (10).

In Mexico, the problem is even more
serious as mortality has increased since
1940; the rise has been substantial in the
last four decades and in recent years it is
the first cause of mortality in the Mexi-
can population (11). This increase in
mortality from diabetes could be related
to the epidemiologic transition in Mex-
ico, which is characterized by a gradual
substitution of deaths due to communi-
cable causes for a pattern in which
chronic degenerative diseases prevail
(12, 13). This epidemiologic transition
has yielded a greater life expectancy,
which in turn causes increased economic
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development, better social organization,
and industrialization (14).

Another factor that could be related
to the high mortality from diabetes in
Mexico, is the increased availability of
processed food, which has conditioned
a rise in calories consumed, derived
mainly from carbohydrates, as well as a
remarkable decrease in physical activity,
causing an increase in the body mass
index (11, 15, 16). All these factors plus
the genetic load for diabetes present in
the Mexican population (17) could be
contributing to the important rise in the
morbidity and mortality due to this
disease.

Diabetes represents an impact on the
Mexican Health System, as it ranks 11th
among the main reasons for hospitaliza-
tion. Also, the average length of hospital
stay for the diabetic patient is greater
than for patients with other diseases (6.1
versus 3.5 days); in addition, it is the sec-
ond cause of in-hospital mortality (11).
Forty-two percent of diabetic patients
die before the age of 64 years. It is a fre-
quent cause for seeking medical atten-
tion and in 2002 was the 10th reason for
medical consultation; furthermore, after
having the disease for some time, pa-
tients exhibit complications related to
macro- and microangiopathy such as is-
chemic cardiopathy, cerebral vascular
disease, renal insufficiency, and blind-
ness among others; these complications
cause disability, leading individuals to
an early retirement (18-20).

Because of the importance of diabetes
in Mexico, it was decided to determine
the rates of mortality nationwide, by fed-
erative entity, and by socioeconomic re-
gion as well as the predominant sex.
Also, it was decided to establish the
strength of the association between edu-
cation level, federative entity of resi-
dence, and socioeconomic region and

TABLE 1. Socioeconomic regions of Mexico
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mortality from diabetes in the period
2000-2007.

METHODS

The records of mortality associated
with diabetes for 2000-2007 were ob-
tained from the National Information
System of the Secretariat of Health. This
information is generated by the National
Institute of Statistics, Geography and In-
formatics and is collected from death
certificates issued nationwide (21). All
records of mortality in which the basic
cause of death was diabetes mellitus in
the period 2000-2007 were included in
the study; therefore, the codes of Interna-
tional Classification of Diseases, 10th Re-
vision (ICD-10) (22) were identified. They
corresponded to the basic cause of death
from diabetes such as (E10 insulin-
dependent diabetes mellitus, E11 diabetes
mellitus non-insulin-dependent, E12 dia-
betes mellitus associated to malnutrition,
E13 other specified diabetes mellitus, and
E14 nonspecified diabetes mellitus).

Age-adjusted mortality rates nation-
wide (23) per 100 000 inhabitants—with
the world population as the standard
(24)—were obtained. The age-adjusted
mortality rates per 100000 inhabitants
from each federative entity and from each
of the seven socioeconomic regions (Table
1) established by the National Institute of
Statistics, Geography and Informatics,
were obtained (25). The national popula-
tion estimated by the National Population
Council for 2000-2007 (26, 27) was used
for the rate adjustment; the relative risk
(RR) and 95% confidence interval (CI) for
each of the seven socioeconomic regions
and each federative entity of residence,
with mortality from diabetes by Poisson
regression, were calculated.

The seven socioeconomic regions of
Mexico originate at the National Insti-

Socioeconomic

region Federative entities
1 Chiapas, Guerrero, Oaxaca
2 Campeche, Hidalgo, Puebla, San Luis Potosi, Tabasco, Veracruz
3 Durango, Guanajuato, Michoacéan, Tlaxcala, Zacatecas
4 Colima, México, Morelos, Nayarit, Querétaro, Quintana Roo, Sinaloa,
Yucatan
5 Baja California, Baja California Sur, Chihuahua, Sonora, Tamaulipas
6 Aguascalientes, Coahuila, Jalisco, Nuevo Le6n
7 Mexico City

Source: National Institute of Statistics, Geography and Informatics of Mexico.
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tute of Statistics, Geography and Infor-
matics, where the differences observed
in the social and economic conditions of
the population throughout Mexico are
presented according to the XII General
Census on Population and Housing. The
seven socioeconomic regions comprise
the 32 federative entities according to
indicators related to well-being such as
education, occupation, health, housing,
and employment. The federative entities
classified in the same region have similar
characteristics on average—that is, they
are homogenous—while the regions dif-
fer from one another. Region 7 shows the
entities with the most favorable condi-
tions according to the indicators consid-
ered. Region 1 includes entities with less
favorable conditions.

The methodology used to establish the
regions had the objective of forming
strata with minimal variance in an at-
tempt to group the elements that were
more alike or closer to one another, fol-
lowing a criterion of established similar-
ity, which allows for differentiating one
region from another. Among the tech-
niques used are Mahalonobis distances
and a combination of factorial analysis
and the algorithm of the K-means (25).

The Poisson regression model was
chosen to determine the force of associa-
tion between federative entities, socio-
economic regions of residence, and edu-
cation level with mortality from diabetes
because, as a dependent variable, the
number of deaths has a Poisson distri-
bution that takes positive whole values.
Poisson regression is equivalent to a log-
arithmic regression of mortality rates.
The exponential coefficients allow for es-
timation of the RR of dying (28).

All registrations were handled by the
Access 2003 informatic program; all data
were then transferred to the Number
Cruncher Statistical System program
(NCSS) 2001, by which the force of asso-
ciation between each federative entity
and socioeconomic region of residence
and mortality from diabetes was ob-
tained by means of Poisson regression
(29). The Epidat version 3.1 program was
used to determine the age-adjusted mor-
tality rates by federative entity and socio-
economic region.

RESULTS
From 2000 to 2007, 477 036 individuals

died of diabetes mellitus in Mexico. Dur-
ing that time, the mortality rate obtained
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TABLE 2. Mortality from diabetes mellitus by gender, Mexico, 2000-2007

Year of death No. Standardized rate? Men? Women?
2000 46 656 77.9 75.3 80.0
2001 49 904 80.3 77.6 82.2
2002 54 780 85.1 84.1 85.7
2003 59 205 88.8 86.7 90.2
2004 62 043 89.6 88.2 90.4
2005 67 102 93.4 92.8 93.5
2006 68 159 91.4 92.1 90.4
2007 69 187 89.2 91.1 87.3

@ Rate per 100 000 inhabitants standardized by the direct method using the standard world population.

TABLE 3. Relative risk (RR) of dying from diabetes mellitus according to education
level, and 95% confidence interval (Cl) according to Poisson regression, Mexico,

2000-2007

Education level RR Cl
No school 1 N/A
Incomplete elementary 2.104 2.089-2.119
Complete elementary 0.470 0.465-0.475
High school or equivalent 0.263 0.260-0.266
Senior in high school or equivalent 0.145 0.142-0.147
College 0.184 0.181-0.186

Note: N/A: not applicable.

by the direct method standardized with
the world population, increased signifi-
cantly from 77.9 in 2000 to 89.2 in 2007.
Women predominated (Table 2).

With Poisson regression, the strength
of association between education level
and death from diabetes was deter-
mined. Also, it was determined that in-
dividuals who did not complete elemen-
tary school had a higher risk of dying
from diabetes (RR 2.104, CI 2.089-2.119),
whereas subjects with a higher educa-
tion level had a lower risk of dying as is
the case for those with a college educa-
tion (RR 0.184, CI 0.181-0.186) (Table 3).

During the period 2000-2007, the ad-
justed mortality rates in the federative
entity tended to increase. Coahuila and
Mexico City presented the highest mor-
tality. In 2000 and 2007, the mortality
rates per 100 000 for these entities were
61.6, CI158.4-64.8; 80.5, C1 77-84.1; 63.2, CI
61.6-64.7; 80.4, CI 78.7-82.1, respectively.

The states with the lowest mortality
were Guerrero and Quintana Roo. In 2000
and 2007, the mortality rates per 100 000
for these entities were 30.4, CI 28.4-32.4;
46.4,C144-48.8;24.9, C120.5-29.2; 50.7, CI
45.4-56 (Table 4).

The socioeconomic region with the
highest mortality in the study was num-
ber 7. In 2000 and 2007, the mortality
rates per 100 000 observed in this region

were 63.2, CI 61.6-64.7 and 80.4, CI
78.7-82.1, respectively.

The region with the lowest mortality
was number 1 in 2000 and 2007. The
mortality rates per 100 000 observed for
this region were 31.8, CI 30.7-32.9 and
48.6, C147.3-49.9 (Table 5).

The strength of association between
each federative entity of residence with
death from diabetes in the period 2000-
2007 was determined by Poisson regres-
sion, taking Guerrero as reference, which
is one of the three states less economi-
cally favored and which, along with
Oaxaca and Chiapas make up region 1.
The entities with the strongest associ-
ation were Mexico City and Coahuila. In
2000 and 2007, the strength of associ-
ation for these entities was RR 2.5, CI
2.33-2.68; RR 2.06, CI 1.95-2.18; RR 2.04,
CI 1.88-2.22; and RR 1.65, CI 1.55-1.77;
respectively (Table 6).

The federative entities with the lowest
association with mortality from diabetes
were Quintana Roo and Chiapas. The
strength of association for these entities
in 2000 and 2007 was RR 0.54, CI
0.45-0.64; RR 0.7, CI10.63-0.78; RR 0.91, CI
0.83-0.99; and 0.86, CI1 0.81-0.92 (Table 6).

Also, the strength of association be-
tween each socioeconomic region of resi-
dence and death from diabetes mellitus
was determined by Poisson regression,
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TABLE 4. Age-adjusted mortality rate and 95% confidence interval (Cl) by federative entity of residence of individuals who died from diabetes

mellitus, Mexico, 2000-2007

2000 2004 2007
Federative entity Mortality rate? Cl Mortality rate Cl Mortality rate Cl
Aguascalientes 45.6 41.1-50.0 60.6 55.6-65.6 68.2 63.0-73.4
Baja California 54.6 51.4-57.9 61.0 57.8-64.3 62.6 59.4-65.7
Baja California Sur 46.6 39.7-53.5 53.8 46.7-60.9 53.0 46.2-59.8
Campeche 30.8 26.6-35.1 44.4 39.4-49.3 58.2 52.6-63.8
Coahuila 61.6 58.4-64.8 79.2 75.6-82.8 80.5 77.0-84.1
Colima 41.7 36.2-47.1 56.5 50.3-62.6 61.9 55.6-68.3
Chiapas 33.3 31.3-35.3 41.0 38.8-43.1 48.8 46.5-51.1
Chihuahua 471 44.6-49.6 60.0 57.3-62.7 68.7 65.8-71.5
Durango 42.9 39.6-46.2 55.6 51.9-59.3 65.5 61.5-69.5
Guanajuato 55.1 53.0-57.2 70.2 67.8-72.5 774 74.7-79.6
Guerrero 30.4 28.4-32.4 414 39.1-43.7 46.4 44.0-48.8
Hidalgo 39.7 37.1-42.2 48.6 45.8-51.4 58.0 55.0-61.0
Jalisco 48.3 46.7-50.0 61.3 59.4-63.1 62.5 60.7-64.4
Mexico 55.8 54.4-57.2 68.6 67.1-70.1 76.0 74.4-77.5
Mexico City 63.2 61.6-64.7 755 73.8-77.1 80.4 78.7-82.1
Michoacéan 45.8 43.8-47.9 58.7 56.4-60.9 64.6 62.2-67.0
Morelos 453 42.1-48.6 575 54.0-61.1 63.4 59.7-67.1
Nayarit 37.0 33.3-40.7 46.6 42.4-50.7 51.8 47.5-56.1
Nuevo Leén 40.9 38.9-42.9 54.8 52.5-57.0 60.1 57.7-62.4
Oaxaca 324 30.5-34.2 46.2 44.1-48.4 51.2 48.9-53.5
Puebla 51.6 49.7-53.6 68.5 66.3-70.7 713 69.0-73.5
Querétaro 47.9 44.1-51.7 54.6 50.7-58.5 61.8 57.7-65.8
Quintana Roo 24.9 20.5-29.2 42.6 37.4-47.7 50.7 45.4-56.0
San Luis Potosi 37.9 35.5-40.4 48.3 45.6-51.0 55.3 52.4-58.2
Sinaloa 385 36.1-40.9 50.0 47.3-52.7 44.3 41.8-46.7
Sonora 46.0 43.2-48.8 58.1 55.0-61.1 59.3 56.2-62.3
Tabasco 44.5 41.3-47.7 66.7 62.9-70.6 68.9 65.0-72.7
Tamaulipas 51.3 48.7-53.9 62.3 59.5-65.1 63.2 60.4-65.9
Tlaxcala 54.5 50.0-59.1 66.5 61.6-71.5 73.6 68.4-78.7
Veracruz 455 44.0-47.1 59.7 58.0-61.5 67.2 65.4-69.0
Yucatan 33.4 30.8-36.0 47.4 44.3-50.4 52.8 49.7-56.0
Zacatecas 35.0 32.0-38.0 48.2 44.8-51.7 57.0 53.2-60.8

2 Rate per 100 000 inhabitants adjusted by the direct method using the national population as the standard population.

TABLE 5. Age-adjusted mortality rate and 95% confidence intervals (Cl) by socioeconomic region of individuals who died from diabetes mellitus,

Mexico, 2000-2007

Year of death

2000 2001

2002 2003 2004

2005 2006 2007

Region Rate? Cl Rate Cl

Rate

Cl Rate Cl Rate Cl

Rate

Cl Rate Cl Rate Cl

31.8
44.8
48.2
48.0
49.4
48.3
63.2

30.7-32.9
43.9-45.8
47.0-49.4
47.0-48.9
48.0-50.7
47.1-49.4
61.6-64.7

34.4
49.5
50.2
51.0
51.7
48.6
65.6

33.3-35.5
48.5-50.5
49.0-51.4
50.1-52.0
50.3-53.1
47.5-49.8
64.0-67.1

NOoO O WD =

38.8
52.5
55.0
55.4
53.5
56.5
68.4

42.7
59.3
61.8
60.4
60.0
62.4
75.5

37.6-40.0
51.5-53.5
53.7-56.2
54.4-56.3
52.1-54.8
55.3-57.8
66.8-70.0

40.9
56.8
58.1
58.4
58.7
60.7
73.2

39.7-42.2
55.8-57.8
56.8-59.4
57.4-59.4
57.2-60.1
59.5-62.0
71.6-74.9

41.5-44.0
58.2-60.3
60.5-63.2
59.4-61.4
58.6-61.4
61.1-63.7
73.8-771

47.2
64.6
66.4
63.7
63.6

68.1

78.8

45.9-48.5
63.5-65.7
65.1-67.8
62.6-64.7
62.2-65.1
66.7-69.4
77.1-80.5

46.9
65.4
67.6
65.9
63.0
65.3
80.1

45.6-48.2
64.3-66.5
66.2-69.0
64.8-66.9
61.5-64.4
64.0-66.6
78.3-81.8

48.6
65.5
69.1
65.9
63.2
65.2
80.4

47.3-49.9
64.4-66.6
67.6-70.5
64.8-66.9
61.7-64.6
63.9-66.5
78.7-82.1

2 Age-adjusted mortality rate per 100 000 inhabitants adjusted by direct method with the national population used as the standard population.

taking as reference region 1, observing
that region 7 presented the strongest as-
sociation. In 2000 and 2007, the strengths
of association for this region were RR
2.47, CI 2.36-2.57 and RR 2.05, CI 1.98-
2.13, respectively. Regions 2—6 presented
a strength of association similar to but
lower than that of region 7 (Table 7).
There were 1 985 registries eliminated
from the analyzed information; 664 were
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eliminated because age was omitted and
1321 died before the year 2000—al-
though the death certificate was elabo-
rated in the period 2000-2007.

DISCUSSION
Diabetes mellitus is a disease that has

increased remarkably in the last decades.
In the year 2000 the standardized mor-

tality rate per 100 000 inhabitants was
77.9 and it increased significantly over
the following years to reach a rate of 89.2
in 2007 (Table 2). Mortality from diabetes
possibly will continue with a rising
trend, because according to the estima-
tions of morbidity for diabetes in the
adult population in the period 1995-
2025, there will be an increase of 35% in
the prevalence worldwide. In developed
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TABLE 6. Relative risk (RR) of dying from diabetes mellitus by federative entity of residence and 95% confidence interval (Cl), according to Pois-
son regression, Mexico, 2000-2007

Year of death

Federative 2000 2001 2002 2003 2004 2005 2006 2007
entity? RR Cl RR Cl RR Cl RR Cl RR Cl RR Cl RR Cl RR Cl
Aguas-

calientes 1.41 1.26-159 144 129-161 156 141-1.72 137 124-152 131 1.19-145 1.15 1.05-1.27 129 1.17-1.41 129 1.17-1.41
Baja

California  1.58 1.45-1.72 1.3 12-142 129 1.19-14 125 1.16-1.35 125 1.16-1.35 1.13 1.05-1.22 1.17 1.09-1.26 1.13 1.05-1.21
Baja

California

Sur 139 1.19-163 129 11-15 105 09-1.24 105 091-1.22 1.1 0.96-1.27 085 0.73-098 1.04 0.9-1.19 096 0.83-1.1
Campeche 097 0.83-1.13 091 0.78-1.05 12 1.06-1.36 1.18 1.04-1.33 1.0 0.88-1.13 095 0.84-1.07 1.0 0.89-1.12 1.15 1.04-1.29
Chiapas 091 0.83-0.99 0.84 0.77-0.91 094 0.87-1.02 087 0.8-0.93 0.81 0.75-0.88 0.82 0.76-0.87 0.9 0.84-0.96 0.86 0.81-0.92
Chihuahua 155 1.43-1.69 154 1.43-167 149 1.38-161 153 1.42-164 142 132-152 149 139-159 142 133-1.52 145 1.36-1.55
Coahuila 204 1.88-222 188 1.73-2.03 194 18-2.09 202 188217 185 1.72-1.98 1.87 17520 178 1.66-1.9 1.65 1.55-1.77
Colima 146 1.26-1.69 1.6 1.4-182 153 1.35-1.74 129 1.13-147 141 125-159 142 127-159 149 133-166 135 1.21-1.52
Durango 148 134-164 144 131-159 144 131-158 149 137-163 138 1.26-1.5 142 1.31-1.54 149 1.38-1.61 143 1.32-1.55
Guanajuato 1.84 1.7-1.98 1.71 159-184 176 1.64-1.88 1.65 1.55-1.77 1.66 1.56-1.77 155 1.46-1.65 1.6 1.5-1.7 161 1.52-1.71
Hidalgo 137 125-15 138 1.26-15 128 1.17-1.39 124 1.14-134 12 111-13 12 1.11-129 128 1.19-1.37 127 1.18-1.37
Jalisco 1.71 159-184 158 148-17 165 154-1.76 159 1517 153 1.44-163 146 1.37-1.54 145 137-1.54 1.37 1.29-1.45
Mexico 1.63 152-1.75 158 1.48-169 156 147-166 15 141-159 145 1.37-1.54 137 1.29-1.44 144 1.37-1.53 1.44 1.36-1.52
Mexico City 2.5 2.33-2.68 2.36 2.21-252 229 215244 224 211-2.38 217 2.04-23 2.02 1.91-2.14 211 1.99-223 206 1.95-2.18
Michoacan 1.67 1.54-18 158 1.47-1.7 1.63 152-1.75 154 1.44-165 155 1.45-166 155 1.45-165 158 1.48-1.68 1.52 1.43-1.62
Morelos 164 149-18 15 137-165 16 146-1.74 152 14-166 151 139-164 137 127-149 158 1.46-1.7 148 1.37-1.6
Nayarit 139 123-156 12 1.07-1.36 136 1.22-152 13 1.17-144 125 1.13-139 12 1.09-1.33 135 1.23-1.49 123 1.12-1.36
Nuevo Leon 14  1.29-1.52 1.18 1.09-1.28 14 1.3-1.51 134 125-143 132 124-142 131 122-139 121 1.14-13 127 1.19-1.36
Oaxaca 1.14 1.05-1.25 1.18 1.09-1.28 123 1.14-133 12 1.11-1.29 1.19 1.11-128 1.16 1.09-1.24 111 1.04-1.19 119 1.11-1.27

Puebla 1.77 1.64-191 178 1.65-191 1.74 162-186 1.73 1.62-1.84 166 1.56-1.77 1.66 157-1.77 173 1.63-1.83 1.52 1.43-1.61
Querétaro 1.45 1.31-161 122 11-135 132 12-145 123 1.12-135 1.16 1.06-1.27 1.1 1.01-1.19 1.16 1.07-1.27 1.18 1.08-1.28
Quintana

Roo 0.54 0.45-0.64 0.64 0.55-0.75 058 0.5-0.67 0.57 049-0.65 0.66 0.58-0.74 0.65 0.58-0.73 0.65 0.58-0.73 0.7 0.63-0.78
San Luis

Potosi 135 123-148 128 1.17-14 128 1.18-1.39 133 123-144 123 1.14-133 118 1.1-127 123 1.15-133 125 1.16-1.35

Sinaloa 1.3 1.19-142 131 12-142 131 121-142 131 1.22-142 123 1.14-133 1.12 1.04-1.21 121 1.12-1.3 098 0.91-1.06
Sonora 1563 1.4-168 155 1.42-168 142 1.31-155 147 136-1.59 139 1.28-149 121 1.13-1.31 128 1.19-1.37 126 1.17-1.35
Tabasco 1.3  1.19-144 133 1.22-146 135 1.24-148 132 1.22-144 142 131-153 129 12-14 133 1.23-1.44 131 1.21-1.41
Tamaulipas 1.78 1.64-1.93 1.7 1.58-1.84 167 155-1.8 161 15-1.73 153 1.42-1.64 144 135-154 146 136-1.56 1.36 1.27-1.46
Tlaxcala 186 1.67-2.07 1.74 157-192 166 15-1.83 153 1.39-1.68 158 1.44-1.73 133 1.21-1.46 152 1.39-1.66 152 1.4-1.66
Veracruz 162 15-1.74 163 153-1.75 161 151-1.72 156 1.46-1.66 155 1.45-1.64 1.49 1.41-158 152 1.44-162 155 1.47-1.65
Yucatan 127 115-14 126 1.14-138 14 1.28-153 135 1.24-147 125 1.15-1.36 1.19 1.1-1.29 1.17 1.08-1.27 1.21 1.12-1.31
Zacatecas 1.33 1.19-147 129 1.17-143 13 1.18-144 137 125-15 131 12-143 128 1.17-139 131 12-142 137 1.26-1.48

a The state of Guerrero was taken as reference value for analysis of Poisson regression.

TABLE 7. Relative risk (RR) of dying from diabetes mellitus by region and 95% confidence interval (Cl) according to Poisson regression, Mexico,
2000-2007

Year of death
2000 2001 2002 2003 2004 2005 2006 2007
egion
Region? RR Cl RR Cl RR Cl RR Cl RR Cl RR Cl RR Cl RR Cl

152 1.46-158 154 1.49-161 145 14-15 148 143-154 148 143-153 146 1.41-15 148 1.43-1.53 1.43 1.38-1.47
167 1.6-1.74 16 153-1.66 154 149-16 154 148-16 157 151-1.62 152 1.47-157 155 15-1.6 152 1.47-1.57
148 1.42-154 144 139-15 139 1.34-144 138 1.33-143 137 132-141 13 126-1.34 135 131-1.4 131 1.27-1.35
158 1.52-166 152 1.46-1.59 139 1.33-1.44 144 138-149 14 135-1.46 134 129-1.39 133 1.28-1.38 1.29 1.24-1.33
164 157-1.71 151 1.45-157 154 148-16 156 15-1.62 153 1.47-1.58 1.49 1.44-154 143 1.39-1.48 1.38 1.33-1.42
247 236-2.57 236 227-246 218 21-227 221 213-23 219 211-227 206 1.99-2.14 212 2.04-2.19 2.05 1.98-2.13

NOoO Ol W

2 Region 1 was taken as reference value for analysis of Poisson regression.

countries, the increase will be 27%, and In Mexico, there were 477 036 deaths  chemic cardiopathy being the cause of
in underdeveloped countries it will be  from diabetes in the period 2000-2007.  death in a high percentage of the as-
48%. The projected number of Mexican =~ Mortality was higher in women than  sessed population (19).

diabetics by the year 2025 is approxi- in men (Table 2). Similar results have The risk of dying from diabetes melli-
mately 11.7 million (30). been observed in other studies, with is-  tus was higher in subjects who did not
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complete elementary school (RR 2.104,
CI2.089-2.119) (Table 3). Education level
is a socioeconomic indicator of health
(31); lower education level is associated
with a higher risk of getting sick (32).
Gnavi et al. (33) noted that among indi-
viduals who died of type 2 diabetes 4 756
(71.2%) were illiterate or had attended
only elementary school, 1290 (19.3%) at-
tended high school, and 627 (9.3%) at-
tended college.

During the period of study, mortality
rates increased significantly (Table 2).
However, there exists the possibility that
mortality from diabetes was underre-
ported in this study, because, among
other factors, diabetes is a chronic dis-
ease that is associated with other ill-
nesses such as cardiovascular disease,
which can be more evident and therefore
registered as the basic cause of death (34,
35). Studies carried out in the U.S. have
found a frequency of underreporting di-
abetes as the principal cause of death of
up to 35% (36). In Mexico, in the period
1999-2001, an underreporting of deaths
of 13.7% was identified (37). Murray et
al. (38) performed a study with the goal
of improving the comparability of mor-
tality statistics from diabetes between
Mexico and the U.S. and identified a
high possibility (RR 1.87, CI 1.81-1.92,
P < 0.001) that in Mexico diabetic indi-
viduals who did not die in a hospital
were given a death certificate with car-
diovascular disease listed as the cause of
death. Thus, it is possible that diabetes
mortality reported in this study could be
even higher.

In the period of the study, region 7,
which corresponds to Mexico City, pre-
sented one of the highest mortality rates
and the strongest association with mor-
tality from diabetes (Tables 5 and 7).
Mexico City has one of the highest inci-
dences of this disease among the most
important cities in Latin America and
the Caribbean (39). The Health and Nu-
trition National Survey showed that the
urban population has a higher preva-
lence of obesity than rural ones, and
Mexico City was one of the federative
entities with the highest obesity rates
among the adult population in the north-
ern states of Mexico (40).

Obesity is the main risk factor for de-
veloping type 2 diabetes, with a 61%
prevalence (41). According to the classi-
fication by socioeconomic regions of the
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National Institute of Statistics, Geogra-
phy and Informatics, Mexico City has
the best economic situation (Table 1) as a
result of technological innovations and
changes. Some of these changes reduce
people’s physical activity and alter their
eating habits (42), which could lead to
obesity and therefore to increased mor-
bidity and mortality from diabetes.
Among men and women, a high preva-
lence of overweight (41.3% and 36.3%,
respectively) and obesity (19.4% and
29%, respectively) has been identified in
Mexico. Both are related to an increased
prevalence of diabetes mellitus and arte-
rial hypertension (43).

Other studies have shown that Mexico
City has one of the highest mortality
rates from diabetes in Mexico. Barquera
et al. (44) performed a study with the ob-
jective of analyzing the tendencies of
mortality from diabetes in Mexico from
1980 to 2000 and considered four re-
gions: north, center, south, and Mexico
City. They found 582 826 deaths from di-
abetes with a high proportion of women
(56%). Mexico City and the center region
had the highest age-adjusted mortality
rates of the four regions: 76.6-82.1 and
42-78 per 100000 inhabitants, respec-
tively. However, other studies have re-
vealed that in Mexico City, subjects with
diabetes have a longer life expectancy
(4.5 years) than in other large cities in
Latin America and the Caribbean (39).

Guerrero and Quintana Roo showed
the lowest adjusted rates (Table 4) and a
weaker association with mortality from
diabetes (Table 6). It has been reported
that these entities have a low prevalence
of obesity, which could account for the
low mortality there (45). Other studies
have reported a low mortality in south-
ern federative entities, mainly Quintana
Roo (44).

The states with greater well-being
according to the classification by socio-
economic regions of the National Institute
of Statistics, Geography and Informatics
(Table 1) comprise those in regions 7 and
6. Of them, the former showed the highest
adjusted rates (Table 5) and the strongest
association with mortality from diabetes
(Table 7), whereas the states that com-
prise regions 2-6 presented a similar
strength of association with mortality
from diabetes but lower than in region 7,
also exhibiting lower age-adjusted mor-
tality rates.

Original research

Mexico has regions in different stages
of the process of epidemiologic transition
(46) and also has great disparities with
regard to health services (6), education,
employment, and personal income. The
preceding factors could bear on mortality
from diabetes in Mexico (33, 47).

This study observed that mortality
from diabetes in Mexico is high, with a
tendency to increase. Mexico City as a
federative entity and socioeconomic re-
gion 7 presented the highest mortality
rates in Mexico and the highest risk of
dying from this disease in the period of
study. Thus, it is important to emphasize
preventive measures such as healthy
nutrition and physical activity. It is also
necessary to improve medical attention
in order to detect diabetes promptly as
well as to treat complications in an ef-
ficient way, with the aim of improving
the quality of life of these subjects and
diminishing mortality. The foregoing
could be achieved by applying multi-
sectoral programs in which the main
participants are health and education
institutions that promote healthy nutri-
tion, adequate physical activity, and
maintaining a healthy weight.

It would also be necessary to apply
government measures aimed at regulat-
ing the media as far as unhealthy food is
concerned as well as at promoting phys-
ical activity, preventing development of
the disease in the groups at risk, and im-
proving glucose control in individuals at
risk and in those already sick with the
disease.

The limitations of this study are that
ICD-10 does not have a category for dia-
betes and cardiovascular disease for
which the mortality and the strength of
association among some federative enti-
ties and socioeconomic regions in Mexico
reported in this paper could be even
higher.

CONCLUSIONS

In Mexico, mortality rates from diabetes
increased from 77.9 to 89.2 per 100 000 in
the period 2000-2007. Women had higher
mortality than men. Individuals who did
not complete elementary school had a
higher risk of dying from diabetes (RR
2.104, CI 2.089-2.119). Mexico City as fed-
erative entity and socioeconomic region 7
presented the strongest association with
mortality from diabetes.
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RESUMEN

Tendencias de la mortalidad
por diabetes mellitus
en las siete regiones
socioeconomicas de

México, 2000-2007

Palabras clave

Objetivo. Determinar las tendencias de mortalidad por diabetes mellitus en México,
en funcién de cada entidad federativa, region socioeconémica y sexo, y establecer la
relacién entre el nivel de educacién, la entidad federativa de residencia y la regién so-
cioecondmica, y la mortalidad por diabetes durante el periodo 2000-2007.

Meétodos. Los datos de mortalidad asociada a la diabetes correspondientes a los
afos 2000 y 2007 se obtuvieron del Sistema Nacional de Informacién de la Secretaria
de Salud; esta informacién es generada por el Instituto Nacional de Estadistica y Ge-
ografia a partir de los certificados de defuncién. Se determinaron los cédigos de la
Clasificacion Internacional de Enfermedades, 10.* Revisiéon, que corresponden a la
diabetes mellitus como principal causa de muerte. Se calculé la mortalidad por enti-
dad federativa y region socioeconémica, junto con la fuerza de asociacién (mediante
la regresiéon de Poisson) entre la entidad federativa de residencia, la regiéon socioeco-
némica y el nivel de educacion, y la mortalidad por diabetes. El Instituto Nacional de
Estadisticas y Geografia agrupa las 32 entidades federativas en siete regiones socioe-
condémicas conforme a los indicadores relativos al bienestar, tales como educacién,
ocupacion, salud, vivienda y empleo.

Resultados. Las personas que no finalizaron la escuela primaria estdn expuestas a
un riesgo mayor de morir por diabetes (riesgo relativo [RR] 2 104; intervalo de con-
fianza de 95% [IC] 2 089-2 119). La asociacién de mayor fuerza con la mortalidad por
diabetes se registré en la ciudad de México (RR 2,5; IC 2,33-2,68 en el 2000; RR 2,06;
IC 1,95-2,18 en el 2007) y en la region socioeconémica 7 (RR 2,47; IC 2,36-2,57 en el
2000; RR 2,05; IC 1,98-2,13 en el 2007).

Conclusiones. Las tasas de mortalidad aumentaron de 77,9 a 89,2 por 100 000 habi-
tantes en el periodo 2000-2007 y fueron més altas entre las mujeres que entre los hom-
bres. Las personas que no finalizaron la escuela primaria tuvieron un riesgo mayor de
morir por diabetes (RR 2,104; IC 2,089-2,119). La entidad federativa de la ciudad de
México y la regioén socioeconémica 7 presentaron la asociacién de mayor fuerza con
la mortalidad por diabetes.

Diabetes mellitus; mortalidad; clase social; México.
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