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Diabetes mortality statistics in the US and Mexico

ABSTRACT

Objective: To increase the cross-state comparability of diabetes mortality statistics related in
the US and Mexico.

Methods: We used multinomial logistic regression to estimate the effects of individual and
community factors on a death for which diabetes was recorded as one of the multiple
contributing causes of death (MCD) being assigned to diabetes as the underlying cause of
death (UCD), versus to cardiovascular, other non-communicable, or communicable diseases.
We used the model to estimate state-level diabetes death rates that are standardized in the
individual and community factors.

Results: Deaths with diabetes as one of the multiple causes of death were more likely to be
assigned to cardiovascular causes if they occurred in hospitals or had a necropsy, and if the
decedents were from states with higher BMI and SBP, more educated, or insured. Adjusting
for individual- and community-level factors substantially increased the cross-state correlation
of diabetes UCD and diabetes MCD mortality rates. The adjustment also reduced the number
of direct diabetes deaths by 10% in the USA and by 24% in Mexico. In the US, UCD diabetes
deaths declined most in Utah, New Mexico, New Jersey and Louisiana, and increased in
California and Hawaii. In Mexico, adjusted diabetes deaths were smaller than observed ones
in all states by 3-34%. An additional 126,300 IHD and stroke deaths in the US and 19,497 in
Mexico were attributable to high blood glucose.

Conclusions: There is a need to improve the comparability of diabetes cause of death
assignment, especially in relation to cardiovascular diseases.



he wvalidity and comparability of
I cause of death statistics may be
affected at the time of medical
certification and, in countries without
automated coding, in the process of
assignment of an International Classification
of Diseases (ICD) code for the underlying
cause of death. The wvalidity and
comparability of cause of death data related
to diabetes can be affected in two ways:
First, a number of studies have found that
diabetes appears as one of the multiple
contributing causes of death (MCD) on two
thirds or less of the death certificates of
people with known diabetes(1-7). Second,
even when diabetes appears as one of the
MCDs, the ordering of causes on the death
certificate can affect whether diabetes is
registered as the UCD in subsequent coding,
and hence affect comparability (8-10). Lack
of comparability in diabetes UCD statistics
occurs partly because diabetics have an
increased risk of mortality from other
diseases, especially cardiovascular diseases
(11; 12); it has been found that
cardiovascular diseases may be the most
common underlying cause of death among
people with diabetes (3; 13). Different
certifiers may record diabetes or
cardiovascular diseases on the death
certificate, or change the order of recorded
causes. This  specific  obstacle to
comparability has received substantially less
attention than under-recording of diabetes
on the death certificate.

We wused individual death records to
examine the cross-state comparability of
diabetes cause of death statistics in the US
and Mexico. We analyzed the effects of
individual- and community-level factors on
cause of death assignment across states in
these two countries. We used the results to
estimate diabetes death rates by state that are
standardized in the levels of individual- and
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community-level determinants of cause of

death  assignment, to increase the
comparability of  diabetes  mortality
statistics.
METHODS

Data Sources. Data for causes of death were
the NCHS National Vital Statistics System
in the US and from Secretaria de Salud in
Mexico. Both sources maintain records for
all deaths in the country, including multiple
causes of death and standard socio-
demographic characteristics. All deaths
coded to Diabetes Mellitus in the MCD
dataset between 1999 and 2001 in the US
(640,543 deaths), and between 2004 and
2005 in Mexico (182,796 deaths) were
included in the analysis to maximize
predictive power. Analysis was limited to
deaths above the age of 20 years because
very few diabetes deaths occur at younger
ages. Deaths for which injuries were the
UCD were excluded from the analysis
because they were assumed to be correctly
assigned.

Statistical model. We used multinomial
logistic regression to estimate the relative
risk ratios (RRR) of a death, for which
diabetes was recorded as an MCD, being
assigned to diabetes versus to cardiovascular
diseases, other non-communicable diseases,
or communicable diseases as the UCD. The
multinomial logistic regression estimates the
RRRs for observing a dependent variable
with more than two outcome categories as a
function of independent covariates; the
statistical basis and applications to
epidemiological ~ data are  described
elsewhere (14; 15). RRRs were estimated
for assignment to each of the disease
clusters relative to assignment to diabetes.
The independent variables in the regression
were exogenous individual- and community-
level variables listed in Table 1.



We used the coefficients of the multinomial
logistic ~ regression to  predict the
probabilities that each death would be
assigned to each of these four disease
clusters if the individual and community
characteristics were those of a fixed
reference category, as defined in Table 1.
Although any fixed category could be used
for the purpose of comparability, the
reference category in Table 1 is one that is
expected to represent the highest access to
specialized healthcare, and hence the
greatest likelihood of valid cause of death
assignment, above and beyond
comparability. We controlled for age to
avoid confounding effects of factors that
may also be associated with age. However,
we did not use a reference age category in
the adjusted (predicted) probabilities
because some causes of death are expected
to have true age patterns, which should be
preserved. For the same reason, we adjusted
the regressions for body mass index (BMI)
and systolic blood pressure (SBP) but did
not standardize these variables in the
prediction stage to retain true
epidemiological  differences.  Predicted
probabilities were aggregated by sex, age
groups, and state to produce comparable
estimates of diabetes deaths, and those of
other disease clusters for each state.

All analyses were conducted separately for
the US and Mexico, to account for potential
differences in the case-fatality of diabetes
patients in the two countries.

RESULTS

Observed cause of death statistics (national
and state patterns). Excluding deaths from
injuries, diabetes and cardiovascular
diseases, respectively, comprised 33% and
39% of underlying causes of death among
the universe of deaths with diabetes as one
of the MCD in the US, and 67% and 14% in
Mexico (Figures la and 1b). Cancers (10%
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in the US and 6% in Mexico) and a number
of other non-communicable diseases
accounted for the remaining proportion,
except for a small proportion of deaths
assigned to communicable diseases (4% in
the US and 3% in Mexico). Nearly 3% and
14% of all deaths in the US and Mexico,
respectively, are currently assigned to
diabetes; 38% and 23% are assigned to
cardiovascular diseases.

In both countries there were large
discrepancies at the state level between the
rates of diabetes as UCD and the rates of
deaths for which diabetes appears as one of
the MCDs on the death certificate (Figure
2a). For example, in 2001, age-standardized
(using 2000 US population > 20 years)
diabetes MCD death rates in Hawaii, Utah,
and Louisiana were between 10.0 and 10.7
per 10,000 but age-standardized diabetes
UCD death rates varied by a factor of more
than three (1.8 in Hawaii, 4.4 in Utah, and
5.8 in Louisiana). Similarly, Baja California
Sur and Guanajuato had age-standardized
(using 2000 Mexico population > 20 years)
diabetes MCD death rates of 16.0 and 16.6
per 10,000 but age-standardized diabetes
UCD death rates varied by a factor of 1.6
(8.0 in BCS and 13.0 in Guanajuato).

Regression analysis. In-hospital deaths, for
which more clinical information may be
available, = had  substantially  higher
probabilities than out-of-hospital deaths of
being assigned to cardiovascular diseases
(RRR =1.16 in the US and 1.87 in Mexico)
(Table 2). In-hospital deaths also had a
higher probability of assignment to
communicable diseases (RRR = 2.89 in the
US and 2.84 in Mexico), possibly due to
sepsis deaths. Assignment to other non-
communicable diseases was less likely for
in-hospital deaths relative to out-of-hospital
deaths (RRR = 0.91) in the US, and more
likely (RRR = 1.42) in Mexico.



In the US, the number of cardiologists was
inversely associated with assignment to
cardiovascular, other non-communicable
and communicable diseases, with a 4%, 4%,
and 6% reduction in the probability relative
to assignment to diabetes for each additional
cardiologist per 100,000  residents,
respectively. The probabilities of being
assigned to cardiovascular, other non-
communicable and communicable diseases
relative to diabetes increased with additional
number of endocrinologist and nephrologists
(only some of these results were significant).
These results may reflect actual or perceived
diabetes treatment, or additional medical
knowledge used in certification, with higher
specialized diabetes care.

In the US, compared to white men, almost
all other race-ethnicity-sex groups had lower
probabilities of being assigned to
cardiovascular and other non-communicable
causes relative to diabetes. The sex pattern
was reversed in Mexico. Decedents with
below-high-school education had a smaller
likelihood  of  being  assigned to
cardiovascular diseases and other non-
communicable diseases in both the US and
Mexico compared to individuals that
achieved college or more. There was a
higher probability of being assigned to
cardiovascular diseases (RRR = 1.19) and
other non-communicable (RRR = 1.27) and
lower to communicable (RRR = 0.77) if
individuals were insured. These findings
may all demonstrate differential treatment of
diabetes and/or differential availability of
information at the time of certification.

The probability of the death of a confirmed
diabetic decedent being assigned to
cardiovascular disease, relative to diabetes,
increased with state BMI and SBP (RRR =
1.03 and RRR = 1.01 for each unit change in
BMI and SBP, respectively, in the US; RRR
= 1.20 and RRR = 1.01, respectively, in
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Mexico). This finding likely represents a
true epidemiological pattern, in which,
among those with confirmed diabetes, living
in a population with higher BMI and SBP
reflects an increased risk of cardiovascular
mortality. For deaths assigned to other non-
communicable and communicable diseases,
the probability increased with higher BMI in
both countries, possibly because of the
effects of BMI on non-communicable
diseases as well as general health status.
There were no clear effects for SBP for non-
cardiovascular causes.

Adjusted cause of death statistics (national
and state patterns). After standardizing for
the effects of individual- and community-
level determinants, the relationship between
diabetes UCD and diabetes MCD mortality
across states was substantially strengthened
in both the US and Mexico (Figure 2b). In
the US, UCD diabetes deaths declined most
in Utah, New Mexico, New Jersey and
Louisiana, with the adjusted rates 32%-45%
lower than the observed rates. The largest
increase in diabetes death rates occurred in
Hawaii and California, with a 64% and 17%
increase in diabetes death rate after
adjustment respectively. In Mexico, adjusted
UCD diabetes death rates were smaller than
observed ones in all states, with the largest
decreases in Guanajuato, Tabasco, and
Puebla (34% for each), and the smallest
decreases in Baja California Sur (3%) and
Nuevo Ledn (12%).

After standardizing the individual- and
community-level determinants to the
reference values in Table 1, of the universe
of deaths with diabetes as an MCD, the
number of deaths with diabetes as the UCD
declined from 71,276 (33% of diabetes
MCD deaths) to 63,874 (30%) in the USA
(2001), and from 63,607 (67% of diabetes
MCD deaths) to 48,318 (51%) in Mexico
(2005) (Table 3). Cardiovascular diseases



increased from 85,134 (39% of diabetes
MCD deaths) to 98,583 (46%) in the US,
and from 13,070 (14% of diabetes MCD
deaths) to 22,539 (24%) in Mexico. There
was also an increase for communicable
diseases in both countries but the change for
other non-communicable diseases was in
opposite direction for the two countries.

In addition to these direct diabetes deaths,
high blood glucose increases the risk of
mortality from cardiovascular outcomes.
Using data on blood glucose from the

nationally-representative National Health
and  Nutrition  Examination  Survey
(NHANES) 1999-2002 in the US and

Encuesta Nacional de Salud (National
Health Survey, ENSA) 2000 in Mexico, and
using methods described in detail elsewhere
(16), an estimated 106,543 IHD deaths (21%
of all IHD deaths) and 19,757 stroke deaths
(12% of all stroke deaths) were attributable
to higher-than-optimal blood glucose in the
US, and 14,224 THD deaths (26%) and 5,273
stroke deaths (19%) in Mexico.

DISCUSSION

Definitive identification of incomparable
coding between diabetes and other diseases
among diabetic patients requires detailed
prospective  studies, with standardized
cause-of-death certification. In this analysis,
we retrospectively investigated some of the
individual and community determinants of
cause of death assignment with the aim of
enhancing the cross-state comparability of
diabetes death rates in the US and Mexico.

Standardizing the assignment of diabetes
deaths in this analysis to a reference level of
individual and community determinants led
to significant changes in the diabetes pattern
across states and race-sex groups and
improved the cross-state comparability of
the diabetes cause of death statistics. In
addition to improved comparability, the
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reference level of individual and community
determinants used in this analysis is one that
is expected to provide the most valid cause
of death statistics; standardizing to this
reference level led to reduction in the
number of deaths assigned directly to
diabetes in both the US and Mexico .

This study is affected by a number of
limitations. Whether a death occurred in
hospital, the number of specialized doctors
per capita, and the autopsy variable were
valuable proxies for clinical information and
diagnostic skills at the community level.
Better information on training and
diagnostic facilities of the hospitals in which
individuals died would allow a more direct
assessment of these factors. The death
certificate itself may contain errors (e.g.
educational attainment and race, which are
provided by next of kin). The finding on the
role of race, ethnicity, and sex may reflect
differences in quality of care experienced by
minority patients (17) and differential
practices in cause of death assignment, or
actual epidemiological differences in the
natural history of diabetes. Finally, our
analysis focused on comparability across
states in the same country, which limits its
application to cross-country comparability.

Above and beyond  comparability,
improving the overall validity of death
certificates is important for public health
planning. Improving validity and
comparability requires better training in
cause of death certification, accessible
information on medical history (e.g. through
linked records), and standardized (and
ideally automated) coding. Together with
such national efforts, the new revision of the
International  Classification of Disease
should provide further clarity on the
assignment of the underlying cause of death
as related to diabetes and cardiovascular
diseases.



Diabetes mortality statistics in the US and Mexico

REFERENCES

1. Bender AP, Spratka JM, Jagger HG, Muckala KH, Martin CP, Edwards TR: Incidence,
prevalence, and mortality of diabetes mellitus in Wadena, Marshall, and Grand Rapids,
Minnesota: the Three-City Study. Diabetes Care 9:343-350, 1986

2. Bild DE, Stevenson JM: Frequency of recording of diabetes on U.S. death certificates:
analysis of 1986 National Mortality Followback Survey. J Clin Epidemiol 45:275-281, 1992
3. Geiss LS, Herman WH, Smith PJ: Mortality in Non-Insulin-Dependent Diabetes. In
Diabetes in America 2nd ed. Harris MI, Cowie CC, Stern MP, Eds. Washington, D.C., U.S.
Govt. Printing Office, 1995, p. 233-257

4. Gu K, Cowie CC, Harris MI: Mortality in adults with and without diabetes in a national
cohort of the U.S. population, 1971-1993. Diabetes Care 21:1138-1145, 1998

5. Ochi JW, Melton LJ, Palumbo PJ, Chu CP: A population-based study of diabetes mortality.
Diabetes Care 8:224-229, 1985

6. Palumbo PJ, Elveback LR, Chu CP, Connolly DC, Kurland LT: Diabetes mellitus:
incidence, prevalence, survivorship, and causes of death in Rochester, Minnesota, 1945-1970.
Diabetes 25:566-573, 1976

7. Panzram G: Mortality and survival in type 2 (non-insulin-dependent) diabetes mellitus.
Diabetologia 30:123-131, 1987

8. Goldacre MJ, Duncan ME, Cook-Mozaffari P, Neil HAW: Trends in mortality rates for
death-certificate-coded diabetes mellitus in an English population 1979-99. Diabetic Medicine
21:936-939, 2004

9. Jougla E, Papoz L, Balkau B, Maguin P, Hatton F, The Eurodiab Subarea CSG: Death
Certificate Coding Practices Related to Diabetes in European Countries--The 'EURODIAB
Subarea C' Study. Int. J. Epidemiol. 21:343-351, 1992

10. Lu TH, Hsu PY, Bjorkenstam C, Anderson RN: Certifying diabetes-related cause-of-
death: a comparison of inappropriate certification statements in Sweden, Taiwan and the
USA. Diabetologia 49:2878-2881, 2006

11. Gerstein HC, Yusuf S: Dysglycaemia and risk of cardiovascular disease. Lancet 347:949-
950, 1996

12. Stamler J, Vaccaro O, Neaton JD, Wentworth D: Diabetes, other risk factors, and 12-yr
cardiovascular mortality for men screened in the Multiple Risk Factor Intervention Trial.
Diabetes Care 16:434-444, 1993

13. Tierney EF, Geiss LS, Engelgau MM, Thompson TJ, Schaubert D, Shireley LA, Vukelic
PJ, McDonough SL: Population-based estimates of mortality associated with diabetes: use of
a death certificate check box in North Dakota. Am J Public Health 91:84-92, 2001

14. Stata Corporation. Stata Base Reference Manual, Stata Press, 2005

15. Rothman KJ, Greenland S: Modern Epidemiology. Philadelphia, Lippincott-Raven, 1998
16. Danaei G, Lawes CM, Vander Hoorn S, Murray CJ, Ezzati M: Global and regional
mortality from ischaemic heart disease and stroke attributable to higher-than-optimum blood
glucose concentration: comparative risk assessment. Lancet 368:1651-1659, 2006

17. Agency for Healthcare Research and Quality USDoHaHS: National Healthcare Disparities
Report. . Rockville, MD.

18. Ezzati M, Martin H, Skjold S, Hoorn SV, Murray CJL: Trends in national and state-level
obesity in the USA after correction for self-report bias: analysis of health surveys. J R Soc
Med 99:250-257, 2006



TABLE 1. Model variables, descriptions, and data sources.

Diabetes mortality statistics in the US and Mexico

Independent Values Data sources Reference Reasons for
variable us® Mexico * value for inclusion in
adjusted analysis
estimates
Sex Male, female Death record | Death record | Male
Race and White NH males, white | Death record | NA White
Hispanic NH females, black NH NH Males
ethnicity males, black NH
females, Hispanic Indicators of
males, Hispanic socioeconomic
females, other NH determinants of
males, other NH access, utilization,
Females and quality of care
Insurance Status | Insured / not insured NA Death record | Insured
Educational Less than high school, Death record | Death record | College-
Level less than college, educated
college or post-graduate
Place of death In-hospital (defined as | Death record | Death record | In-hospital Indicator of a more
hospital or healthcare complete medical
facility), out-of-hospital history before/at
the time of death
Age 5-year intervals from 20 | Death record | Death record | Decedent’s Incorporating the
to 85+ actual age true age patterns of
diabetes and other
causes of death
Systolic blood Mean SBP by sex, 5- BRFSS © ENSANUT | Actual SBP of
pressure (SBP) year age groups, and corrected for | 2005-6 ¢ the decedent’s
state of residency bias in self- state, age
reported group and sex
hypertension Risk factors for
status based diabetes and/or
on cardiovascular
NHANES ° deaths; community
Body mass index | Mean BMI by sex, 5- BRFSS © ENSA 2000 | Actual BMI of | level data were
(BMI) year age groups, and corrected for | © the decedent’s | used because death
state of residency bias in self- state, age certificate does not
reported group and sex | include these data
weight and for individuals.
height based
on
NHANES °
8)
Necropsy Necropsy performed, NA Death record | Performed
not performed
County-level estimate Dartmouth NA 80™ percentile Indi £
Cardiologists, of cardiologists, Atlas of all national " 1c.a;f)rs do
Endocrinologists, | endocrinologists and of Health counties speclatize
; : d medical
Nephrologists nephrologists per Care (7.6 per knowledge used in
100,000 residents; 100,000) assigning causes of
ranges (1.9-12.7), (0.1- (1.3 per death
4.3), and (0.1-3.7), 100,000) ’
respectively (1.8 per
100,000)
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* NA refers to those variables for which data in one country were not available and not included in analysis for that
country.

® NH refers to non-Hispanic.

¢ BRFSS: Behavioral Risk Factor Surveillance System; NHANES: National Health and Nutrition Examination
Survey; ENSA: Encuesta Nacional de Salud (National Health Survey); ENSANUT: Encuesta Nacional de Salud y
Nutricion (National Health and Nutritional Survey)

4 The Dartmouth Atlas of Health Care (year 1999) (http://www.dartmouthatlas.org) provides estimates for Hospital
Referral Region, which are linked to zip codes, which can in turn be mapped to county codes. Because zip codes do
not map exactly to county boundaries, counties that did not have a value for cardiologists were assigned the same
value as the adjacent county with the closest per capita income.
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TABLE 2. Relative risk ratios (RRRs), p-values, and confidence intervals for the multinomial
logistic regression. For each outcome and for each independent variable, RRR measures the
probability of death being assigned to that disease category relative to diabetes, and relative to
the same probability if the independent variable were set to its reference value which has an RRR
of 1.0 (see reference (14) for details).

United States

Cardiovascular diseases ?

Other non-communicable °

Communicable °

RRR p 95% CI RRR p 95% CI RRR p 95% CI
Race-sex

White NH males 1.00 1.00 1.00
White NH females 0.78 <0.001 | 0.76-0.80 1.04 0.008 1.01-1.07 1.02 0.394 0.97-1.08
Black NH males 0.83 <0.001 | 0.81-0.86 0.83 <0.001 | 0.81-0.85 1.15 <0.001 | 1.09-1.22
Black NH females 0.66 <0.001 | 0.64-0.68 0.79 <0.001 | 0.76-0.81 0.89 0.001 0.84-0.95
Hispanic males 0.79 <0.001 | 0.76-0.81 0.79 <0.001 | 0.76-0.82 1.05 0.253 0.97-1.13
Hispanic Females 0.59 <0.001 | 0.57-0.61 0.78 <0.001 | 0.75-0.82 0.86 0.001 0.79-0.94
Other NH males 1.01 0.605 0.96-1.07 0.91 0.004 0.86-0.97 1.27 <0.001 | 1.13-1.42
Other NH females 0.73 <0.001 | 0.69-0.77 0.87 <0.001 | 0.81-0.92 1.16 0.017 1.03-1.30

Place of Death (in
hospital) 1.16 <0.001 | 1.14-1.17 0.91 <0.001 | 0.90-0.92 2.89 <0.001 | 2.80-2.98
Educational Level

Below high school 0.94 <0.001 | 0.93-0.96 0.95 <0.001 | 0.93-0.97 0.97 0.232 0.93-1.02
Below college 1.00 0.886 0.98-1.01 1.01 0.357 0.99-1.03 1.00 0.858 0.97-1.04

College or more 1.00 1.00 1.00

Age (years)

20-24 0.17 <0.001 | 0.13-0.24 0.30 <0.001 | 0.23-0.37 0.80 0.334 0.51-1.25
25-29 0.22 <0.001 | 0.18-0.27 0.27 <0.001 | 0.22-0.32 1.07 0.653 0.79-1.45
30-34 0.39 <0.001 | 0.35-0.44 0.30 <0.001 | 0.26-0.34 1.12 0.328 0.89-1.40
35-39 0.51 <0.001 | 0.47-0.56 0.30 <0.001 | 0.27-0.33 1.26 0.01 1.06-1.50
40-44 0.66 <0.001 | 0.62-0.71 0.39 <0.001 | 0.36-0.42 1.44 <0.001 | 1.25-1.65
45-49 0.76 <0.001 | 0.72-0.80 0.46 <0.001 | 0.44-0.49 1.29 <0.001 | 1.15-1.45
50-54 0.93 0.001 0.89-0.97 0.56 <0.001 | 0.53-0.59 1.10 0.059 1.00-1.23
55-59 0.98 0.272 0.95-1.02 0.70 <0.001 | 0.67-0.73 1.03 0.526 0.94-1.12
60-64 1.00 0.862 0.97-1.03 0.85 <0.001 | 0.82-0.88 0.96 0.352 0.89-1.04

65-69 1.00 1.00 1.00
70-74 1.05 <0.001 | 1.03-1.08 1.10 <0.001 | 1.07-1.13 1.20 <0.001 | 1.13-1.27
75-79 1.04 0.01 1.01-1.08 131 <0.001 | 1.26-1.36 133 <0.001 | 1.23-1.44
80-84 1.11 <0.001 | 1.07-1.15 1.25 <0.001 | 1.20-1.30 1.62 <0.001 | 1.49-1.76
85+ 1.15 <0.001 | 1.11-1.19 1.13 <0.001 | 1.09-1.18 2.14 <0.001 | 1.97-2.32
SBP 1.01 <0.001 | 1.01-1.01 0.98 <0.001 | 0.98-0.98 1.00 0.559 0.99-1.00
BMI 1.03 <0.001 | 1.02-1.03 1.02 <0.001 | 1.01-1.03 1.02 0.002 1.01-1.04
Cardiologists 0.96 <0.001 | 0.95-0.96 0.96 <0.001 | 0.95-0.96 0.94 <0.001 | 0.93-0.95
Endocrinologists 1.03 0.001 1.01-1.05 1.05 <0.001 | 1.03-1.07 1.13 <0.001 | 1.08-1.18
Nephrologists 1.07 <0.001 | 1.05-1.08 1.01 0.284 0.99-1.03 1.19 <0.001 | 1.14-1.23

Mexico

10
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Cardiovascular diseases

Other non-communicable

Communicable

RRR p 95% CI RRR p 95% ClI RRR P 95% CI
Sex (Females) 1.26 <0.001 | 1.22-1.30 1.00 0.97 0.97-1.03 1.16 <0.001 | 1.08-1.24
Insurance
(insured) 1.19 <0.001 | 1.15-1.23 1.27 <0.001 | 1.24-1.31 0.77 <0.001 | 0.73-0.82
Necropsy
(performed) 1.42 <0.001 | 1.25-1.60 1.10 0.124 | 0.97-1.25 1.32 0.016 1.05-1.66
Place of Death (in
hospital) 1.87 <0.001 | 1.81-1.92 1.42 <0.001 | 1.38-1.46 2.84 <0.001 | 2.67-3.03
Educational Level
Below high school 0.73 <0.001 | 0.70-0.77 0.76 <0.001 | 0.73-0.79 0.97 0.486 | 0.87-1.07
Below college 0.89 0.001 0.84-0.95 0.91 0.003 0.86-0.97 0.92 0.184 | 0.80-1.04
College or more 1.00 1.00 1.00
Age (years)
20-24 0.22 <0.001 | 0.11-0.46 0.45 <0.001 | 0.31-0.66 2.61 <0.001 | 1.60-4.26
25-29 0.17 <0.001 | 0.09-0.33 0.62 0.001 0.48-0.81 4.48 <0.001 | 3.20-6.27
30-34 0.33 <0.001 | 0.24-0.44 0.67 <0.001 | 0.55-0.81 2.56 <0.001 | 1.92-3.39
35-39 0.38 <0.001 | 0.30-0.48 0.90 0.158 | 0.79-1.04 3.24 <0.001 | 2.59-4.05
40-44 0.48 <0.001 | 0.42-0.55 0.85 0.002 0.77-0.94 2.13 <0.001 | 1.78-2.55
45-49 0.63 <0.001 | 0.57-0.70 0.96 0.292 | 0.88-1.04 1.51 <0.001 | 1.28-1.78
50-54 0.65 <0.001 | 0.60-0.70 0.88 <0.001 | 0.83-0.94 1.24 0.001 1.09-1.42
55-59 0.73 <0.001 | 0.69-0.78 0.88 <0.001 | 0.83-0.93 1.06 0.399 0.93-1.20
60-64 0.85 <0.001 | 0.81-0.90 0.92 0.001 0.87-0.96 1.02 0.772 0.91-1.14
65-69 1.00 1.00 1.00
70-74 1.52 <0.001 | 1.44-1.61 1.20 <0.001 | 1.14-1.27 1.44 <0.001 | 1.28-1.62
75-79 1.66 <0.001 | 1.57-1.76 1.27 <0.001 | 1.20-1.34 1.56 <0.001 | 1.38-1.76
80-84 1.83 <0.001 | 1.72-1.94 1.20 <0.001 | 1.14-1.28 1.79 <0.001 | 1.58-2.03
85+ 1.72 <0.001 | 1.62-1.83 1.07 0.031 1.01-1.14 2.34 <0.001 | 2.06-2.64
BMI 1.20 <0.001 | 1.19-1.22 1.06 <0.001 | 1.05-1.08 1.15 <0.001 | 1.12-1.18
SBP 1.01 <0.001 | 1.01-1.02 1.00 0.092 | 0.99-1.00 1.01 <0.001 | 1.01-1.02

* Cardiovascular diseases include rheumatic heart disease, hypertensive disease, ischaemic heart disease,
cerebrovascular disease, inflammatory heart diseases, and other cardiac diseases. The corresponding ICD-10 codes

are: 100-199.

® Other non-communicable diseases include malignant neoplasms,

other neoplasms, endocrine disorders, neuro-psychiatric conditions, sense organ diseases, respiratory diseases,
digestive diseases, genito-urinary diseases, skin diseases, musculo-skeletal diseases, congenital anomalies, and
oral conditions. The corresponding ICD-10 codes are: C00-C97, D00-D48, D65-D89, E03-E07, E15-E16, E20-E34,
E51-E88, FO1-F99, G06-G98, HO0-H61, H68-H93, J30-J98, K00-K92, N00-N64, N75-N98, L00-L98, M00-M99,

Q00-Q99.

¢ Communicable diseases include infectious and parasitic diseases, respiratory infections, maternal conditions,
conditions arising during the perinatal period, and nutritional deficiencies. The corresponding ICD-10 codes are:
A00-B99, G00-G04, N70-N73, J00-J06, J10-J18, J20-J22, H65-H66, O00-099, P00-P96, E00-E02, E40-E46, ESO,

D50-D64

Notes:

1) Diabetes includes type I and II, malnutrition related, and other diabetes. The corresponding ICD-10 codes are

E10-E14.
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2) We did not include deaths assigned to injuries (intentional and unintentional) as the underlying cause of death in
the statistical analysis of coding comparability because assignment to external causes is substantially more likely to
be valid/comparable. The corresponding ICD-10 codes are VO1-Y89.

3) NH refers to non-Hispanics. Age group 65-69 years, educational level of college or more, and the race-sex
combination of white-NH-males in the US and males in Mexico were the absorbed categories (i.e. RRR = 1.0) for
the models. All relative risk ratios are in reference to these groups.
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TABLE 3. Observed and adjusted numbers and proportions of UCDs assigned to different disease clusters among deaths with
diabetes as one of the MCDs in the United States (2001) and Mexico (2005).

United States (2001)

Diabetes Cardiovascular diseases Other no(rjli-sc;:ar:er:unlcable Communicable diseases

Observed Corrected Observed Corrected Observed Corrected Observed Corrected

20-44 Male 1,580 (51%) 1,476 (47%) 864 (28%) 946 (30%) 507 (16%) 481 (15%) 174 (6%) 222 (7%)

Female | 1,076 (49%) 1,059 (48%) 523 (24%) 599 (27%) 488 (22%) 400 (18%) 131 (6%) 159 (7%)

45-60 | Male 5,516 (38%) 5,067 (35%) 5,603 (39%) 5,975 (42%) 2,678 (19%) 2,658 (19%) 562 (4%) 659 (5%)

Female | 4,015 (39%) 3,564 (35%) 3,367 (33%) 4,377 (42%) 2,495 (24%) 1,911 (19%) 450 (4%) 475 (5%)

60+ Male | 25,691 (30%) | 24,747 (29%) 34,946 (41%) 37,369 (44%) 21,599 (25%) 19,174 (23%) 2,897 (3%) 3,843 (5%)
Female | 33,398 (33%) | 27,960 (28%) 39,831 (40%) 49,316 (49%) 23,700 (24%) 18,406 (18%) 3,511 (3%) 4,757 (5%)

20+ Male | 32,787 (32%) | 31,290 (30%) 41,413 (40%) 44,289 (43%) 24,784 (24%) 22,313 (22%) 3,633 (4%) 4,725 (5%)
Female | 38,489 (34%) | 32,584 (29%) 43,721 (39%) 54,293 (48%) 26,683 (24%) 20,717 (18%) 4,092 (4%) 5,391 (5%)

Mexico (2005)

Diabetes Cardiovascular diseases Other nogi—sceoargen;unlcable Communicable diseases

Observed Corrected Observed Corrected Observed Corrected Observed Corrected

20-44 Male 1,785 (73%) 1,475 (60%) 132 (5%) 262 (11%) 370 (15%) 512 (21%) 172 (7%) 210 (9%)
Female | 1,307 (75%) 1,119 (64%) 96 (5%) 145 (8%) 244 (14%) 360 (21%) 102 (6%) 125 (7%)

45-60 | Male 7,134 (70%) 5,455 (53%) 1,128 (11%) 2,107 (21%) 1,659 (16%) 2,234 (22%) 331 (3%) 455 (4%)
Female | 6,656 (70%) 5,520 (58%) 969 (10%) 1,537 (16%) 1,536 (16%) 2,039 (22%) 286 (3%) 352 (4%)
60+ Male | 20,339 (65%) | 14,642 (47%) 4,817 (15%) 8,822 (28%) 5,189 (17%) 6,539 (21%) 874 (3%) 1,216 (4%)
Female | 26,367 (67%) | 20,089 (51%) 5,925 (15%) 9,663 (25%) 5,880 (15%) 8,193 (21%) 1,211 (3%) 1,438 (4%)
20+ Male | 29,264 (67%) | 21,578 (49%) 6,079 (14%) 11,194 (25%) 7,218 (16%) 9,285 (21%) 1,377 (3%) 1,881 (4%)
Female | 34,338 (68%) | 26,735 (53%) 6,991 (14%) 11,345 (22%) 7,663 (15%) 10,595 (21%) 1,601 (3%) 1,917 (4%)
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FIGURE 1. Distribution of the UCD among deaths for which diabetes was included as
one the MCDs.

Note: ONC refers to the category “other non-communicable diseases”; C refers to
“communicable diseases”
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FIGURE 2. Death rates of diabetes mellitus (DM) as the underlying cause of death
(UCD) versus anywhere in the multiple contributing causes of death (MCD) for US states
and the District of Columbia (2001), and Mexican states and the Federal District (2005).
Deaths in ages > 20 years are included. Rates in each state are age-standardized to their
country’s 2000 population.
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