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Abstract

Background—Most large, prospective studies of the effects of diabetes on mortality have
focused on high-income countries where patients have access to reasonably good medical care and
can receive treatments to establish and maintain good glycemic control. In those countries,
diabetes less than doubles the rate of death from any cause. Few large, prospective studies have
been conducted in middle-income countries where obesity and diabetes have become common and
glycemic control may be poor.

Methods—From 1998 through 2004, we recruited approximately 50,000 men and 100,000
women 35 years of age or older into a prospective study in Mexico City, Mexico. We recorded the
presence or absence of previously diagnosed diabetes, obtained and stored blood samples, and
tracked 12-year disease-specific deaths through January 1, 2014. We accepted diabetes as the
underlying cause of death only for deaths that were due to acute diabetic crises. We estimated rate
ratios for death among participants who had diabetes at recruitment versus those who did not have
diabetes at recruitment; data from participants who had chronic diseases other than diabetes were
excluded from the main analysis.

Results—At the time of recruitment, obesity was common and the prevalence of diabetes rose
steeply with age (3% at 35 to 39 years of age and >20% by 60 years of age). Participants who had
diabetes had poor glycemic control (mean [£SD] glycated hemoglobin level, 9.0+£2.4%), and the
rates of use of other vasoprotective medications were low (e.g., 30% of participants with diabetes
were receiving antihypertensive medication at recruitment and 1% were receiving lipid-lowering
medication). Previously diagnosed diabetes was associated with rate ratios for death from any
cause of 5.4 (95% confidence interval [CI], 5.0 to 6.0) at 35 to 59 years of age, 3.1 (95% CI, 2.9 to
3.3) at 60 to 74 years of age, and 1.9 (95% ClI, 1.8 to 2.1) at 75 to 84 years of age. Between 35 and
74 years of age, the excess mortality associated with previously diagnosed diabetes accounted for
one third of all deaths; the largest absolute excess risks of death were from renal disease (rate
ratio, 20.1; 95% ClI, 17.2 to 23.4), cardiac disease (rate ratio, 3.7; 95% ClI, 3.2 to 4.2), infection
(rate ratio, 4.7; 95% ClI, 4.0 to 5.5), acute diabetic crises (8% of all deaths among participants who
had previously diagnosed diabetes), and other vascular disease (mainly stroke). Little association
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was observed between diabetes and mortality from cirrhosis, cancer, or chronic obstructive
pulmonary disease.

Conclusions—In this study in Mexico, a middle-income country with high levels of obesity,
diabetes was common, glycemic control was poor, and diabetes was associated with a far worse
prognosis than that seen in high-income countries; it accounted for at least one third of all deaths
between 35 and 74 years of age. (Funded by the Wellcome Trust and others.)

Methods

DIABETES IS INCREASINGLY COMMON IN many countries1,2 and has been found to increase the
risk of death from a wide range of diseases.3 However, most large studies of diabetes have
been conducted in high-income countries where patients have access to good medical care
and can receive treatments to establish and maintain good glycemic control. In a meta-
analysis of 97 prospective studies, which were conducted mainly in high-income countries,
self-reported diabetes less than doubled the rate of death from any cause.3,4 In contrast, in
middle-income and low-income countries, where resources to manage diabetes may be more
limited and vascular-protective medications may be underused,5 the effects of diabetes on
mortality from other diseases could be substantially larger. In many such countries, the
prevalence of diabetes has increased considerably over the past few decades.1,2

Mexico is a middle-income country6 that has among the highest prevalences of obesity and
diabetes in the world,1,7 and among persons with diabetes in Mexico, glycemic control is
often poor8 and is often not combined with treatment to control other risk factors (e.g.,
blood pressure and cholesterol). We report the findings from a prospective study of the effect
of diabetes on cause-specific mortality in approximately 150,000 Mexican adults who were
followed for an average of 12 years.

Recruitment and Study Oversight

From 1998 through 2004, we visited households within two districts of Mexico City and
invited all residents 35 years of age or older to participate in a prospective study.9 We
recorded age, sex, socioeconomic status, lifestyle factors (e.g., alcohol intake, smoking
status, and physical activity), current medications, and medical history (including previously
diagnosed diabetes). We measured height, weight, and waist and hip circumferences and
measured blood pressure while the participant was sitting. A 10-ml blood sample was
obtained from each participant, transported at 4 to 10°C in insulated boxes that contained ice
packs, refrigerated overnight at 4°C, and then separated the next morning. Plasma and buffy-
coat samples were stored locally at —80°C, then transported on dry ice to Oxford (United
Kingdom) for long-term storage over liquid nitrogen.

Research ethics approval was obtained from the Mexican Ministry of Health, the Mexican
National Council for Science and Technology, and the University of Oxford, United
Kingdom. All the study participants provided written informed consent. The authors vouch
for the accuracy and completeness of the data.
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Glycated Hemoglobin Measurements

Assays of glycated hemoglobin can be performed reliably10 from buffy-coat samples. We
performed these assays in the International Organization for Standardization (1SO) 17025-
accredited Wolfson Laboratories of the Clinical Trial Service Unit and Epidemiological
Studies Unit, by means of validated high-performance liquid chromatography with the use
of HA-8180 analyzers (Arkray) with calibrators traceable to standards specified by the
International Federation of Clinical Chemistry (IFCC). The resulting values were expressed
in IFCC units of millimoles per mole; we then converted the values to Diabetes Control and
Complications Trial (DCCT) glycated hemoglobin percentages by multiplying the number
of millimoles per mole by 0.0915 and adding 2.15.11

Mortality Follow-up

Death registration in Mexico City is reliable and complete, with almost all adult deaths
certified medically and with few attributed to unknown causes.12 Deaths were tracked up to
January 1, 2014, through electronic linkage to the death registry. Deaths of study participants
that were recorded in the death registry were confirmed by subsequent visits to the
participants’ homes. All diseases noted on the death certificate are coded in the registry
according to criteria specified in the /nternational Classification of Diseases, 10th Revision
(ICD-10).13 Study clinicians reviewed death certificates and accepted diabetes as the
underlying cause only for deaths that were considered to be due to acute diabetic crises. For
all other deaths with any mention of diabetes as an immediate or antecedent cause of death
(i.e., in Part | of the death certificate), the study clinicians selected an appropriate underlying
cause other than diabetes.

Statistical Analysis

For the main analyses in this study, the presence of diabetes was defined as a (self-reported)
previous medical diagnosis of diabetes, the use of antidiabetic medication, or both. We also
performed sensitivity analyses in which the definition of diabetes was expanded to include a
baseline glycated hemoglobin level of at least 6.5%. Participants who had received a
diagnosis of diabetes before 35 years of age and who required insulin at the time of
recruitment were considered likely to have type 1 diabetes.

The relationship between the presence of diabetes at the time of recruitment and the
mortality rate was evaluated with the use of a Cox regression model that excluded data from
participants who had certain other chronic diseases (i.e., chronic kidney disease, ischemic
heart disease, stroke, cirrhosis, cancer, or emphysema) and from participants for whom any
covariates were missing. These rate ratios for death were adjusted for the following
covariates: age at risk (up to ten 5-year age groups), location (two districts), educational
level (four groups), smoking status (never, former, light, moderate, or heavy), and
anthropometric characteristics (height, weight, and waist and hip measurements). Rate ratios
for death were not adjusted for either blood pressure or lipid levels, since these factors could
themselves be affected by diabetes and adjustment for them would make little difference.3
Most age-specific analyses combined the rate ratios for men and women (which were
generally similar).
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In all analyses, we standardized death rates to a uniform age distribution in men and women
combined by averaging all the age-specific rates in the age range of 35 to 74 years. We
anticipated that mortality rates among study participants could differ substantially from
those among other Mexicans. Therefore, to extrapolate our data to Mexico as a whole, we
estimated absolute disease-specific mortality rates by multiplying all our standardized death
rates by a common factor so that their total matched the Mexican national death rate for the
year 2012.14 For each disease category, we used the rate ratio at 35 to 74 years of age to
calculate the mean mortality rate among the proportions of persons with (p) and without (1 -
p) diabetes as rate ratiox A and A, respectively, with A calculated such that (p x rate ratio x
A) + (1 —-p) x A equaled the estimated disease-specific national mortality rate. Analyses
were performed with the use of SAS software, version 9.3 (SAS Institute) and the R
statistical package, version 2.11.1 (www.r-project.org/).

Of 112,333 eligible households visited, 106,059 (94%) yielded a total of 159,755 potential
study participants. Of these potential participants, 8135 had a history of ischemic heart
disease, stroke, cancer, cirrhosis, chronic obstructive pulmonary disease, or chronic kidney
disease and the data from these participants were therefore excluded from our analyses of
rate ratios; the data from an additional 5574 participants were excluded from our analyses
either because data were missing or because the participants were 85 years of age or older at
the time of recruitment. Table 1 shows the characteristics of the remaining 146,046
participants at the time of recruitment.

Self-Reported Diabetes Status and Glycated Hemoglobin at Recruitment

The prevalence of previously diagnosed diabetes among men and women combined
increased steeply with age, from 3% at 35 to 39 years of age to greater than 20% by 60 years
of age (Fig. 1). The mean (xSD) time from the diagnosis of diabetes to the time of
recruitment was 7+6 years among persons 35 to 59 years of age, 11+8 years among persons
60 to 74 years of age, and 13+9 years among persons 75 to 84 years of age (Table 1). Most
participants with diabetes had type 2 diabetes, because only 1% had received a diagnosis of
diabetes before 35 years of age and required insulin. Among all participants with previously
diagnosed diabetes, approximately two thirds reportedly used a sulfonylurea, approximately
one fifth used a biguanide, and approximately 80% used at least some antidiabetic
medication.

Baseline glycated hemoglobin levels were available for 142,101 participants (97%) (Table
1). Among those with previously diagnosed diabetes at the time of recruitment, 36% of
participants had a baseline glycated hemoglobin level of greater than 10.0%, and the mean
glycated hemoglobin level was 9.0% (and was even higher among younger participants)
(Fig. S1 in the Supplementary Appendix, available with the full text of this article at
NEJM.org). By contrast, the mean baseline glycated hemoglobin level among participants
without previously diagnosed diabetes was 5.6%, with only 5.8% of the participants having
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a level of at least 6.5% (which would indicate undiagnosed diabetes) and 1.5% having a
level of greater than 10.0%.

There was little difference in body-mass index between participants with and participants
without previously diagnosed diabetes (Table 1). However, among participants without
diabetes, body-mass index at the time of recruitment was strongly predictive of incident
diabetes during follow-up, as indicated by its strong relationship with the prevalence of
diabetes in a subgroup of survivors who were resurveyed from 2015 through 2016 (Fig. S1
in the Supplementary Appendix).

Diabetes and Rates of Death from Any Cause

Over the course of approximately 12 years of follow-up, 9674 deaths from all causes
occurred between 35 and 84 years of age among participants who had no known disease
other than diabetes before recruitment. Figure 1 shows the rate ratios for death from any
cause among participants with versus participants without previously diagnosed diabetes,
according to sex and age group. These rate ratios for death, which were similar for men and
women, were 5.4 (95% confidence interval [Cl1], 5.0 to 6.0) at 35 to 59 years of age, 3.1
(95% Cl, 2.9 to 3.3) at 60 to 74 years of age, and 1.9 (95% CI, 1.8 to 2.1) at 75 to 84 years
of age. The age-specific rate ratios were similar in the two study districts (data not shown).

Table 2 shows the excess number of deaths before 75 years of age associated with diabetes
that had been diagnosed before recruitment. Although previously diagnosed diabetes
represents a crude measure of exposure to diabetes and does not include the effects of
diabetes with onset during follow-up, the excess risk associated with previously diagnosed
diabetes still accounted for 30% of all deaths. When the definition of diabetes at the time of
recruitment was broadened to include all participants who had a glycated hemoglobin level
of at least 6.5% (i.e., to include participants who had diabetes that was undiagnosed), the
percentage of all deaths accounted for by the excess risk associated with diabetes increased
from 30% to 35% (Table S1 in the Supplementary Appendix).

Diabetes and Disease-Specific Mortality

Figure 2 lists the rate ratios for several underlying causes of death between 35 and 84 years
of age (for additional details on the specific causes of death, see Figs. S2 through S7 in the
Supplementary Appendix). Among participants in whom diabetes was diagnosed before
recruitment, 301 of the 3786 deaths (8%) were from acute diabetic crises. In addition, 92
deaths due to acute diabetic crises occurred among participants who did not have previously
diagnosed diabetes (median baseline glycated hemoglobin among these participants, 6.1%).
Thus, approximately three quarters of the deaths that were attributed to acute diabetic crises
during the 12-year follow-up period occurred among participants in whom diabetes had been
diagnosed before recruitment.

Likewise, with respect to mortality from the aggregate of all renal disease, 1032 deaths
occurred among participants with previously diagnosed diabetes and 390 deaths occurred
among those without previously diagnosed diabetes; thus, approximately three quarters of
the deaths from renal disease during the 12-year follow-up period occurred among persons
who had a diagnosis of diabetes before recruitment. The rate ratios for death from renal
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disease among patients with previously diagnosed diabetes were 31.1 (95% Cl, 24.2 to 39.8)
at 35 to 59 years of age, 13.9 (95% CI, 11.5 to 16.9) at 60 to 74 years of age, and 5.1 (95%
Cl, 4.1t0 6.3) at 75 to 84 years of age.

Apart from acute diabetic crises and renal disease, the conditions associated with the largest
rate ratios for death were cardiac disease, cerebrovascular and other vascular disease, and
infection. All involved similar age-specific rate ratios, which were more extreme at younger
ages (and virtually identical for men and women; data not shown).

Diabetes was also strongly associated with mortality from peptic ulcer disease but was not
associated with mortality from cirrhosis (which in most cases was alcoholic cirrhosis). There
was little association between diabetes and death from chronic obstructive pulmonary
disease, death from cancer as a whole, or death from particular types of cancer (Fig. S6 in
the Supplementary Appendix), although with respect to death from particular types of
cancer, the finding should be interpreted with caution, given the limited number of deaths
from cancer in this study.

Overall, between 35 and 74 years of age, the excess risk of death associated with diabetes
accounted for approximately one third of all deaths from vascular causes and one third of all
other deaths. The analyses of mortality were not affected materially when they were
repeated without adjustment for smoking status, level of education, and anthropometric
characteristics; when they were repeated with additional adjustment for alcohol intake,
physical activity, and blood pressure; when they were repeated with inclusion of data from
participants who had a previously diagnosed disease other than diabetes or with exclusion of
data from the first 5 years of follow-up (data not shown); or when the disease-specific
outcome used in the analyses was death from the disease of interest mentioned anywhere in
Part | of the death certificate (Fig. S8 in the Supplementary Appendix).

Estimates of Absolute Mortality

Figure 3 shows absolute estimated disease-specific mortality rates, standardized to national
mortality rates in Mexico for the year 2012, among persons with and persons without
previously diagnosed diabetes (see the Statistical Analysis section). Between 35 and 74
years of age, the absolute excess risk of death associated with diabetes was greatest for renal
disease, followed by cardiac disease, infection, acute diabetic crises, and the aggregate of all
other vascular diseases (mainly stroke).

Discussion

Diabetes is more common15 and has a much larger effect on mortality in Mexico than in
major high-income countries.3,4,16 By 60 to 74 years of age, approximately one quarter of
the participants in the current study had received a medical diagnosis of diabetes, as
compared with approximately 7% in the United Kingdom17 and approximately 15% in the
United States15 at the time of our baseline survey, and even after adjustment for other risk
factors, the rate of death from any cause between 35 and 74 years of age was approximately
four times as high among participants with diabetes as among those without diabetes. In
contrast, meta-analyses of prospective studies from mostly high-income countries showed
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that persons with diabetes had less than twice the rate of death from any cause as those
without diabetes.3

A probable explanation for our more marked rate ratios for deaths from any cause is
inadequate medical care, including poor glycemic control.18,19 More than one third of
participants with diabetes diagnosed before recruitment had a baseline glycated hemoglobin
level of greater than 10.0%, as compared with only approximately 5% of persons with
diagnosed diabetes in cohorts from high-income countries.3,16,20 Furthermore, 8% of all
deaths among persons with previously diagnosed diabetes in the current study were due to
acute diabetic crises, as compared with less than 1% of deaths among persons with diabetes
in the United States.21 In contrast to previous studies,3 our rate ratios for deaths from any
cause were similar in men and women, which perhaps reflects similar glycemic control and
duration of diabetes (Table 1).

A key feature of our study is that the study clinicians reviewed all death certificates, which
contained detailed information about the sequence of events leading up to death.22 World
Health Organization conventions for assigning the underlying cause of death attribute to
diabetes all deaths from vascular and renal diseases if diabetes was mentioned anywhere in
Part | of the death certificate.13 This coding system can result in the undercounting of deaths
from vascular and renal disease among persons with diabetes, which in turn can result in
artificially low rate ratios for death for the associations of diabetes with these diseases.
Hence, in the current study, we accepted diabetes as the underlying cause only for deaths
that occurred during acute diabetic crises. Our comparisons of study participants with versus
without previously diagnosed diabetes at recruitment therefore yielded appropriately large
rate ratios for death from vascular and, particularly, renal disease. Our coding conventions
do not, of course, affect the rate ratios for deaths from any cause, which are also large.

Our study has certain limitations. First, we cannot rule out some residual confounding.
Second, our study is not representative of Mexico as a whole. The participation rate in the
study was high, however, so the study should be reasonably representative of the adults who
were contacted at home (two thirds of whom were women) in the two study districts. In
addition, our baseline estimates of the prevalence of diabetes are similar to those obtained by
a large national survey in Mexico that was conducted at approximately the same time.23
Moreover, in subsequent nationally representative 2006 and 2012 surveys of Mexican adults,
glycemic control among persons with diagnosed diabetes was even worse than that reported
in our study8; therefore, our estimates of the importance of diabetes to mortality in Mexico
as a whole may even be slightly low. As in many prospective studies,3 we did not check self-
reports of medically diagnosed diabetes against medical records, but the glycated
hemoglobin findings (and high rate ratios for deaths from any cause) suggest that such
reports were reasonably reliable, with generally normal glycated hemoglobin levels among
persons who reported no diabetes.

Sensitivity analyses in which the definition of diabetes was broadened to include all
participants with a glycated hemoglobin level of at least 6.5% at baseline showed a higher
percentage of all deaths accounted for by diabetes than the percentage reported in the main
analysis (35% vs. 30%). Furthermore, the additional inclusion of deaths related to the effects
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of diabetes diagnosed after recruitment would result in an even higher percentage of deaths
accounted for by diabetes (perhaps approximately 40%; for example, 15% of the deaths
from acute diabetic crises occurred in persons who did not have previously diagnosed
diabetes and who had a baseline glycated hemoglobin level of less than 6.5%).

The greatest absolute excess risks of death associated with diabetes were from renal disease
(primarily chronic kidney disease), vascular disease, infection, and acute diabetic crises.
Assuming causality, approximately three quarters of the deaths between 35 and 74 years of
age among Mexicans with diabetes were due (directly or indirectly) to their diabetes. Age-
specific mortality rates correlated with the duration of diabetes (data not shown), so the
lifetime hazard would be even greater for persons in whom diabetes develops in early adult
life rather than in later adult life. Overall, we estimate that diabetes was a direct or indirect
cause of at least one third of all deaths between 35 and 74 years of age in our study, which is
double the indirect estimates for Mexico that relied on rate ratios for death from studies in
other countries.1,24 In addition to their relevance to Mexico, our results are relevant to many
other populations worldwide, including many millions of U.S. Mexican Americans, among
whom the prevalence of diabetes is twice as high as that among U.S. non-Hispanic white
persons15 and glycemic control is worse.20

In Mexico, the aggregate of mortality rates from vascular disease, diabetes, and renal disease
between 35 and 74 years of age increased slowly from 1998 to 2008, a period during which
rates declined steeply in the United States (Fig. S9 and S10 in the Supplementary
Appendix). When recruitment into this study ended in 2004, half of all Mexican adults had
no health insurance, but during the course of the next 8 years, health care provision
improved substantially with the introduction of Seguro Popular,25 which, during the period
from 2004 through 2012, extended health insurance nationwide.26 In 2008, mortality rates
from vascular, diabetic, and renal disease in Mexico began to decrease, which perhaps
reflected better health care provision.8 Nevertheless, mortality rates remain high, as does the
prevalence of diabetes.1,8

In this middle-income country, the large excess mortality associated with diabetes reflected
both the high prevalence of diabetes, which is partly due to widespread obesity that affects
the incidence of diabetes, and the poor prognosis associated with diabetes, which is partly
due to inadequate treatment of diabetes, associated risk factors,8 and diabetic complications.
Poor glycemic control increases the risk of microvascular disease,27 but during the period of
our study, regular testing for albuminuria was rare8 and renal-replacement therapy was
limited. Thus, persons with chronic kidney disease often had poor outcomes.28

Mexico recently introduced its National Strategy for Overweight, Obesity and Diabetes,
which includes health education, improved opportunities for exercise, taxation of sugary
drinks and high-calorie foods, and earlier identification and monitoring of risk factors,
including diabetes.29 Within a year after the introduction of this new national strategy,
preliminary data suggested that the consumption of sugary drinks had diminished.30
However, despite whatever is achieved in the next few decades by lifestyle interventions
(e.g., with respect to adiposity, exercise, and smoking),29-32 diabetes will still affect many
people in Mexico and will require treatment to reduce the risk of premature death.
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Health care delivery can target both diabetes itself and other determinants of the risk of
death or disability from the many different diseases that diabetes can cause.27,33-35 In this
middle-income country with a high prevalence of overweight and obesity and with
insufficient control of blood glucose, blood pressure, and cholesterol levels, diabetes was a
cause of at least one third of all deaths between 35 and 74 years of age (twice the current
indirect estimates for Mexico),1,24 with the excess mortality attributed chiefly to renal
disease, vascular disease, infection, and acute diabetic crises.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A Prevalence of Diabetes B Rate Ratios for Deaths of Any Cause
30+ No. of Deaths with Diabetes/
Mean, men and women Age at Risk  No. of Deaths without Diabetes Rate Ratio (95% Cl)
K 25
§ @ 35-59 yr
3 201 Women 443/801 - 55(48-62)
a Men 384/667 -+ 5.4 (4.7-62)
% 15 Both 827/1468 & 5.4(5.0-6.0)
§ 1 60-74 yr
2 ] Women 1036/1129 - 3.2 (2.9-3.5)
1 ] Men 745/1051 o+ 3.0 (2.7-3.3)
& Both 1781/2180 $ 3.1 (2.9-3.3)
0 75-84 yr
T T T T T T
0 30 40 50 60 70 80 Women 724/1152 -I- 2.0 (1.8-2.2)
Baseline Age (Y1) Men 454/1088 - 1.8 (1.6-2.0)
Both 1178/2240 & 1.9 (1.8-2.1)
T I | AN
1 2 4 6
Rate Ratio (with diabetes vs.
without diabetes)

Figure 1. Prevalence of Previously Diagnosed Diabetes and Its Relevance to Rates of Death from

Any Causeduring 12-Year Follow-up.

Panel A shows the prevalence of previously diagnosed diabetes among all study participants.
I bars represent 95% confidence intervals. The dashed lines indicate the age at which the
prevalence of diabetes was 20%. Panel B shows the rate ratios for death from any cause
among participants with and participants without previously diagnosed diabetes at
recruitment. The rate ratios for death exclude data from any participants who had previously
diagnosed chronic disease other than diabetes (chronic kidney disease, ischemic heart
disease, stroke, cirrhosis, cancer, or emphysema) and are adjusted for standard features (age,
smoking status, district, educational level, height, weight, and waist and hip circumferences).
The size of each square is proportional to the amount of data available, and unshaded
diamonds represent the values for men and women combined. Horizontal lines represent

95% confidence intervals.
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Age at risk

Cause of Death
Acute diabetic
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Cerebrovascular

Other vascular

Infective (mainly
respiratory or gastrointestinal)
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Ill-defined or other
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35-59
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without Diabetes
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36/49
30/78
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142/540
94/389
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35/98
43/174

41/127
81/170
53/195

26/112
34/90
2470

=

Rate Ratio (95% Cl)

-

T T T T
1 2 4 8 16

Rate Ratio (with diabetes vs. without diabetes)

T
32

31.1 (24.2-39.8)
13.9 (11.5-16.9)
5.1 (4.1-6.3)

4.6 (3.5-5.8)
3.4 (3.0-3.9)
2.0 (1.7-2.3)

46 (3.0-7.1
33 (2.6-4.1
1.9 (1.5-2.4)

7.2 (3.7-13.8)
2.5 (1.7-3.8)
1.4 (0.8-2.3)

8.6 (6.5-11.4)
3.8 (3.1-4.7)
25 (2.0-3.1

5.5 (2.4-12.4)
2.7 (1.7-4.2)
1.4 (0.9-2.2)

1.2 (0.9-1.7)
1.0 (0.9-1.2)
0.9 (0.7-1.1)

1.6 (1.1-2.3)
1.1(08-15
1.0 (0.7-1.6)

1.0 (0.2-4.9)
1.3 (0.8-1.9)
1.0 (0.7-1.4)

3.2 (2.2-4.6)
1.7 (1.3-2.3)
1.0 (0.7-1.3)

2.6 (1.6-4.1)
1.5 (1.0-2.2)
1.3 (0.8-2.1)

Figure 2. Relevance of Previously Diagnosed Diabetes to Cause-Specific Mortality during 12-

Year Follow-up.

Shown are the numbers of deaths and disease-specific rate ratios for death among
participants with versus participants without previously diagnosed diabetes at recruitment,
according to age group and to the disease to which the participant’s death was attributed.
The rate ratios for death exclude data from any participants who had previously diagnosed
chronic disease other than diabetes (chronic kidney disease, ischemic heart disease, stroke,
cirrhosis, cancer, or emphysema) and are adjusted for standard features (age, smoking status,
district, educational level, height, weight, and waist and hip circumferences). Rate ratios are
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not shown for deaths attributed to acute diabetic crises because all such deaths were due to
diabetes, irrespective of whether diabetes was diagnosed before recruitment. The size of
each square is proportional to the amount of data available. Horizontal lines represent 95%
confidence intervals. Of the 393 participants who died from an acute diabetic crisis, baseline
glycated hemoglobin levels were available for 389 participants, of whom 332 (85%) either
had diabetes diagnosed before recruitment or had a baseline glycated hemoglobin level of at
least 6.5% and 57 (15%) had no diagnosis of diabetes before recruitment and had a baseline
glycated hemoglobin level of less than 6.5%. Numerical values for the rate ratios may vary
slightly from the position of the squares because of rounding.
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[] Mortality rate without diabetes [] Excess risk of death associated
with diabetes before recruitment, or
acute diabetic crises

Cause of Death Rate Ratio (95% Cl)
Renal 20.1 (17.2-23.4)

Cardiac 3.7 (3.2-4.2)
Infective 4.7 (4.0-5.5)

Acute diabetic —

Cerebrovascular or
other vascular 3.5 (3.0-4.2)
Neoplastic 1.1 (0.9-1.3)
Cirrhotic 1.3 (1.0-1.6)

Chronic obstructive
pulmonary disease :I 1.2(0.8-1.7)
[ll-defined, oetrte;rr,n(; 2.0 (1.7-2.4)

|
0.0 0.2 0.4 0.6 0.8

Mean Mortality Rates (% per yr)

Figure 3. Mortality Ratesfor Each Cause of Death Among Participantswith and Participants
without Previously Diagnosed Diabetes.

Shown are the absolute estimated disease-specific rates of deaths according to the cause of
death among persons with and persons without previously diagnosed diabetes. The analysis
combines the percentages of participants in the current study who died between 35 and 74
years of age from particular diseases, the disease-specific rate ratios for death at 35 to 74
years of age, and 2012 national mortality rates in Mexico. The rates for all bars sum to the
rates of death from any cause. The unshaded portions of the bars represent the mortality rate
for the specific cause of death among participants without previously diagnosed diabetes.
The shaded portions of the bars represent excess risk of death that was either associated with
previously diagnosed diabetes or that was due to acute diabetic crises. The weighted average
of the death rates shown (for 16% of persons with diabetes plus 84% of persons without
diabetes) match uniformly age-standardized 2012 Mexican national rates at 35 to 74 years of
age for 50% men plus 50% women. Infective diseases include peptic ulcer disease and
exclude any infection in another plotted category. For stroke alone, annual rates of death
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were 0.05% among persons without previously diagnosed diabetes and 0.19% among
persons with previously diagnosed diabetes.
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Table 1
Baseline Characteristics of Participants 35to 84 Years of Age, According to Sex and
Diabetes Status at Recruitment.”
Variable Men (N = 47,887) Women (N = 98,159)
Previously No Previously Previously No Previously
Diagnosed Diagnosed Diagnosed Diagnosed
Diabetes (N = Diabetes (N = Diabetes (N = Diabetes (N =
6,229) 41,658) 12,839) 85,320)
Age —yr 59+11 52+12 59+11 50+12
Duration of diabetes — yr/ 97 NA 97 NA
Age of onset of diabetes <35 yr and insulin use at 73 (1) NA 142 (1) NA
baseline — no. (%)f
Glycated hemoglobin level
No. of participants with data¥ 6,085 40,352 12,587 83,077
Mean level — % 8.9+2.5 5.6+1.0 9.0+2.4 5.6+0.9
Median level (IQR) — % 8.7 (6.7-10.8) 5.4 (5.3-5.7) 8.8 (7.0-10.9) 5.4 (5.3-5.7)
Level 36.5% — no. (%) 4,818 (79) 2,412 (6.0) 10,342 (82) 4,706 (5.7)
Level >9.0% — no. (%) 2,866 (47) 892 (2.2) 6,137 (49) 1,584 (1.9)
Level >10.0% — no. (%)// 2,093 (34) 642 (1.6) 4,564 (36) 1,250 (1.5)
Residence — no. (%)
Coyoacén district 2,316 (37) 18,323 (44) 4,158 (32) 33,273 (39)
Iztapalapa district ™ 3,913 (63) 23,335 (56) 8,681 (68) 52,047 (61)
Graduated from university or college 932 (15) 10,598 (25) 498 (4) 11,032 (13)
Current smoker 2,430 (39) 18,788 (45) 1,804 (14) 17,935 (21)
Anthropometric and blood pressure measurements tt
Height — cm 163+7 16348 1507 150+9
Weight — kg 73+13 74+15 66+13 6617
Body-mass index?? 27.245.1 27.645.8 29.3%5.2 29.246.7
Wiaist circumference — cm 96+12 97+13 96+12 94+16
Hip circumference — cm 99+11 101+12 106+11 106+14
Waist-to-hip ratio 0.7+0.07 0.96+0.08 0.91+0.07 0.89+0.09
Blood pressure — mm Hg
Systolic 132+16 131+18 134+16 129421
Diastolic 85+10 85+12 84+10 83+13
Antidiabetic medication — no. (%)
Insulin 358 (6) NA 993 (8) NA
Biguanide, such as metformin 1,043 (17) NA 2,394 (19) NA
Sulfonylurea 4,235 (68) NA 8,847 (69) NA
Other antidiabetic medication 86 (1) NA 188 (1) NA
Other long-term medication — no. (%)
Antihypertensive medication
AnyS$ 1,281 (21) 3,567 (9) 4,359 (34) 12,006 (14)
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Variable Men (N = 47,887) Women (N = 98,159)
Previously No Previously Previoudly No Previously
Diagnosed Diagnosed Diagnosed Diagnosed
Diabetes (N = Diabetes (N = Diabetes (N = Diabetes (N =
6,229) 41,658) 12,839) 85,320)
Renin-angiotensin system inhibitor 1,012 (16) 2,626 (6) 3,425 (27) 8,756 (10)
Other 353 (6) 1,332 (3) 1,190 (9) 4,251 (5)
Any antithrombotic medication 138 (2) 911 (2) 298 (2) 2,277 (3)
Any lipid-lowering medication 92 (1) 167 (<0.5) 131 (1) 352 (<0.5)

*

Plus—minus values are means +SD. Differences between men with diabetes and men without diabetes were significant (P<0.05) for all
characteristics except waist circumference, diastolic blood pressure, and the use of antithrombotic medication. All differences between women with
diabetes and women without diabetes were significant except for body-mass index and hip circumference. Analyses excluded data from participants
with previously diagnosed chronic disease (chronic kidney disease, ischemic heart disease, stroke, cirrhosis, cancer, or emphysema). IQR denotes
interquartile range, and NA not applicable.

fAt recruitment, we recorded only the decade of diagnosis of diabetes; mean duration of diabetes was estimated by assuming each diagnosis date to
be in the middle of its possible range.

JtThese factors were considered to be indicative of type 1 diabetes.

§Glycated hemoglobin assays are available for 97% of participants.

”Glycated hemoglobin values that indicate no diabetes are nonnormally distributed, with many being several standard deviations above the median.

Values of at least 6.5% indicate undiagnosed diabetes; values greater than 9.0% reflect poor glycemic control. (Mean glycated hemoglobin was
8.4%, 9.1%, and 9.5% among participants who reported taking 0, 1, or at least 2 antidiabetic medications, respectively, but adherence to medication
is unknown.)

//Among participants with previously diagnosed diabetes, the percentage with a glycated hemoglobin level of greater than 10.0% was 44% among
persons 35 to 44 years of age, 44% among persons 45 to 54 years of age, 37% among persons 55 to 64 years of age, 27% among persons 65 to 74
years of age, and 19% among persons 75 to 84 years of age.

Hk

Iztapalapa is a poorer district than Coyoacan.
ﬁVaIues were standardized to the age distribution of all men and women without chronic disease (other than diabetes) at recruitment.
#The body-mass index is the weight in kilograms divided by the square of the height in meters.

§§Some participants were receiving more than one antihypertensive medication.
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Excess Risk of Death Associated with Previously Diagnosed Diabetes at Recr uitment.”

Ageat Recruitment No. of Participants Mean No. of Deaths during Follow-up Rate Ratio Excess Deaths before 75
Years of (and before 75 Year s of Age) for Death Years of Age Associated
Follow- from Any with Previously Diagnosed
up per Cause Diabetes
Survivor (95% CI)T

With Diabetes  Without Diabetes With Diabetes Without Diabetes No. of Deaths % of Total

35-44 yr 2,184 50,568 11.9 232 672 7.5 (6.5-8.7) 201 2240.3

45-54 yr 5,043 35,838 11.9 671 966 4.8 (4.4-5.3) 532 32+0.4

55-64 yr 5,753 21,230 11.7 1,128 1,348 3.3(3.0-3.5) 781 32+0.6

65-74 yr 4,431 13,179 5.3 577 662 2.7(24-3.1) 366 30£1.0

Total 17,411 120,815 2,608 3,648 1,880 30%

*
Plus—minus values are means +SE.

fEstimates of age-specific rate ratios for death among participants with diabetes at recruitment versus participants without diabetes at recruitment
were adjusted for age, sex, district, educational level, smoking status, height, weight, and waist and hip circumferences. Analyses excluded data
from participants with a previous diagnosis of chronic kidney disease or ischemic heart disease, stroke, cirrhosis, cancer, or emphysema.

1

When the definition of diabetes was expanded to include participants who had undiagnosed diabetes (glycated hemoglobin level >6.5%) at
recruitment, the percentage of all deaths associated with diabetes increased to 35% (Table S1 in the Supplementary Appendix). The attributable
fraction is approximately one third for both deaths from vascular disease and the aggregate of all other deaths. (This value still excludes any deaths

due to diabetes with an onset after recruitment among persons with a glycated hemoglobin level <6.5% at recruitment.)
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