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OBJECTIVE

To investigate the trends in diabetes prevalence, diagnosis, and management
among Mexican adults who were participants in a long-term prospective study.

RESEARCH DESIGN AND METHODS

From 1998 to 2004, 159,755 adults from Mexico City were recruited to a pro-
spective study, and from 2015 to 2019, 10,144 survivors were resurveyed. Dia-
betes was defined as self-reported diagnosis, glucose-lowering medication use, or
HbA1c ‡6.5%. Controlled diabetes was defined as HbA1c <7%. Prevalence estimates
were uniformly standardized for age, sex, and residential district. Cox models
explored the relevanceof controlledand inadequately controlleddiabetes to cause-
specific mortality.

RESULTS

During 1998–2004 and 2015–2019, 99,623 and 8,986 participants were aged 45–84
years. Diabetes prevalence had increased from 26% in 1998–2004 to 35% by 2015–
2019. Of those with diabetes, the proportion previously diagnosed had increased
from 76% to 89%, and glucose-loweringmedication use among them had increased
from 80% to 94%. Median HbA1c among those with diabetes had decreased from
8.2% to 7.3%, and the proportion of participants with controlled diabetes had
increased from 16% to 37%. Use of blood pressure–lowering medication among
thosewith previously diagnosed diabetes had increased from35% to 51%, and their
use of lipid-lowering therapy had increased from 1% to 14%. The excess mortality
risk associated with diabetes accounted for 34% of deaths at ages 35–74 years, of
which 5% were attributable to controlled and 29% to inadequately controlled
diabetes.

CONCLUSIONS

Inadequately controlled diabetes is a leading cause of premature adult death in
Mexico. Improvements in diabetes management have increased diagnosis and
control, but substantial opportunities remain to improve treatment, particularly
with lipid-lowering therapy.

The prevalence of diabetes in Mexico is among the highest in the world, causing
approximately one-third of all premature deaths in adults (1) andmuch disability and
expense (2). In 2004, approximately half of allMexican adults hadnohealth insurance,
but the subsequent introduction of Seguro Popular (3) extended health insurance
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nationwide (4). The 2013 Mexican Na-
tional Strategy for Overweight, Obesity
and Diabetes aimed to improve health
education and earlier identification and
monitoring of major health risk factors
(5). In 2016, diabetes was declared an
epidemic and a national Mexican health
emergency (6).
The Mexico City Prospective Study

(MCPS) is a blood-based prospective
study of 150,000 Mexican adults who
were originally recruited between 1998
and 2004. The prevalence of diagnosed
diabetes at recruitment rose from 5% at
age 40 years to 20% at age 60 years, and
diabetes at baseline was associated
with a quadrupling of all-cause mortality
at ages 35–74 years (more than double
the proportional excess expected from
studies of diabetes in high-income coun-
tries) (1,7), with particularly high abso-
lute excesses of mortality from cardiac
disease, kidney disease and infection and
with the magnitude of the excess risk
directly associated with the extent of
glycemic control (8). National Mexican
surveysperformedperiodically from2000
to 2018 (9–12), each involving approxi-
mately 45,000 people, found that the
prevalence of diagnosed diabetes pro-
gressively rose over this period, but large
surveys assessing temporal trends in un-
diagnoseddiabetes, glycemic control, or
management of other risk factors are
also needed (13,14).
The primary aim of this report is to use

data from the MCPS to estimate how
theprevalenceofdiabetes, its treatment,
and its control in the population of Mexico
City has changed between 1998–2004 and
2015–2019. A secondary aim is to put
Mexicandiabetes prevalence and control
into perspective, by providing updated
analysesof theMCPSdatawith respect to
quantifying the relevance of controlled
and uncontrolled diabetes (defined by a
threshold HbA1c level of 7%) to mortality
in this population.

RESEARCH DESIGN AND METHODS

Study Design and Oversight
Study design, sampling methods, and
follow-uphavebeen reported (8). Briefly,
in1998–2004,householdsfromtwoneigh-
boring districts in Mexico City (Coyoacán
and Iztapalapa) were visited systemati-
cally, and all adults aged$35 years were
invited to participate. Age, sex, socioeco-
nomic status, smoking, and self-reported
disease history (including diabetes and

duration of diagnosis) and medication
usewere recorded. A question related to
healthserviceswasaddedpartwaythrough
recruitment, and as a result, answers
to this question were collected only in
Iztapalapa.Trainednursesmeasuredheight,
weight, hip, and waist circumferences
and sitting blood pressure and collected
a 10-mL venous blood sample. In 2015–
2019, a repeat surveywas performed in a
subset of surviving participants. For this
resurvey, streets within the two study
districts in which participants were pre-
viously recruited in 1998–2004 were
selected at random and then systemat-
ically revisited to identify participants
who were still alive, living at the same
address, and willing to take part in a
further survey. Resurvey information
was collected electronically and included
similar questions to those asked at the
original survey in 1998–2004 (e.g., on
prior diseases and medications).

Blood samples from both the 1998–
2004 and 2015–2019 surveys were sep-
arated and frozen in a central laboratory
in Mexico City. Plasma and buffy coat
sampleswere transported toOxford,U.K.,
for long-term storage. Buffy coat samples
were analyzed for HbA1c in the ISO17025-
accredited Wolfson laboratories, using
validated high-performance liquid chro-
matographymethods (15)andcalibrators
traceable to International Federation of
Clinical Chemistry standards (16).

Approval was granted by ethics com-
mittees from the Mexican Ministry of
Health, Mexican National Science and
Technology Council, and University of
Oxford. At both surveys, study partic-
ipants provided written informed
consent.

Mortality Follow-Up
Mortality to 1 January 2018 was tracked
through probabilistic linkage to the na-
tional death register, which codes all dis-
eases mentioned on the death certificate
according to the International Classifica-
tion of Diseases, 10th Revision (ICD-10).
Study clinicians reviewed and, where nec-
essary, recoded the underlying cause of
death (in particular by accepting diabetes
as the underlying cause only for deaths
resulting from an acute diabetic crisis) (1).

Statistical Analysis
We defined diabetes as previously diag-
nosed (self-reported medical diagnosis or
use of any glucose-lowering medication)

orundiagnosed (nopreviousdiagnosisbut
HbA1c $6.5%) and defined good control
as HbA1c,7% (17). The few with missing
or implausible HbA1c were excluded. To
facilitate comparisons between the two
surveys (1998–2004 vs. 2015–2019),
cross-sectional analyses of each survey
were restricted to participants aged 45–
84 years at the time of that survey
(because few were aged .84 years in
1998–2004 or aged ,45 years in 2015–
2019). Prevalence estimates for each of
the four 10-year age ranges (from 45–54
to75–84years)wereuniformly standard-
ized for sex and district of residence and
then averaged to calculate overall uni-
formly age-, sex-, and district-standard-
ized prevalence at ages 45–84 years.

Cox regression was used to estimate
the prospective relevance of controlled
and inadequately controlled diabetes to
all-cause mortality at ages 35–74 years
(excluding mortality at ages 75–84 years
for consistencywithourprevious analyses
of premature mortality) (1,8). As before,
these analyses excluded those with any
other chronic disease at recruitment (vas-
cular disease, chronic kidney disease,
cancer, cirrhosis, or emphysema) and
were adjusted for age at risk (5-year
categories), residence (two districts), ed-
ucational level (four groups), smoking
status (never, former, current but not
daily, daily [,10 cigarettes per day], or
daily [$10 cigarettes per day]), and
anthropometric characteristics (height,
weight,andwaistandhipmeasurements).
Excess mortality associated with con-
trolled and inadequately controlled
diabetes was then estimated using pre-
viously describedmethods (1,8). Analyses
were performed with SAS (version 9.4)
and R software (version 3.5.1) (www.r-
project.org/).

RESULTS

Of 112,333 households with eligible par-
ticipants visited from April 1998 to Sep-
tember 2004, 106,059 (94%) had at least
one adult agreeing to participate, and a
total of 159,755 participants were re-
cruited. Of these, 99,623 were aged 45–
84 years and had complete data for the
analyses in this report. From June 2015
to February 2019, 29,011 households of
originally recruited participants were ran-
domly selected and revisited, from which
8,278 (29%) households provided a total
of 10,144participantswhostill lived at the
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same address, were home at the time of
the revisit, and agreed to take part in the
resurvey. Of these, 8,986 were aged 45–
84 years and had complete data. The
characteristics of the 99,623 participants
aged45–84years inthe1998–2004survey
and the 8,986 participants aged 45–84
years in the 2015–2019 resurvey are
shown in Supplementary Table 1.
The uniformly age-, sex-, and district-

standardized prevalence of diabetes (di-
agnosed or undiagnosed) at ages 45–84
yearswas 26% in the 1998–2004baseline
survey (midpoint 2002) but 35% by the
2015–2019 resurvey (midpoint 2017)
(Table 1). In both surveys, the prevalence
of diabetes was highest at ages 65–74
years (32% in 1998–2004 vs. 41% in
2015–2019). Of those with diabetes,
the proportion previously diagnosedwas
76% in 1998–2004 and 89% in 2015–
2019, and of those with previously di-
agnoseddiabetes, 80% in1998–2004and
94% in 2015–2019 were on at least one
glucose-lowering medication.
HbA1c in those without diabetes was

similar in 1998–2004 and 2015–2019
(Supplementary Table 1 and Fig. 1). In
those with diabetes, however, median
HbA1c was ;0.9% higher in 1998–2004
than in 2015–2019 (standardizedmedian
8.2% vs. 7.3%). The prevalence of very
poor control among those with diabetes
(HbA1c.10%) fell from28%in1998–2004
to 18% in 2015–2019, and the proportion
with good control (HbA1c,7%) rose from

only 16% in 1998–2004 to 37% in 2015–
2019 (Table 1). In both surveys, HbA1c
levels were higher in younger than older
participants with diabetes (Fig. 1), but
within each age range, the prevalence
of good control improved between the
two surveys (Table 1).

The age-specific (and sex- and district-
standardized) prevalence of controlled
diabetes, treated but inadequately con-
trolled diabetes, diagnosed but untreated
diabetes, and undiagnosed diabetes is
shown in Fig. 2. The increase between
1998–2004 and 2015–2019 in the pro-
portion of those with diabetes whose
disease was being adequately controlled
(Table 1) was counterbalanced by the
increase in diabetes prevalence over this
time period, so there was little net
change in the prevalence of diagnosed
but inadequately controlled diabetes
(average across all ages 16% in 1998–
2004 and 18% in 2015–2019) or in the
overall prevalence of inadequately con-
trolled diabetes (average across all ages
22% in 1998–2004 and 22% in 2015–
2019).

The increased use of glucose-lowering
medications between 1998–2004 and
2015–2019 reflected a large increase
in biguanide use (mainly metformin)
that exceeded the drop in sulfonylurea
use (Fig. 3). There was also a moderate
increase in insulin use. The proportion of
people with diabetes taking at least two
glucose-lowering medications increased

from 13% in 1998–2004 to 42% in 2015–
2019 (Supplementary Table 2). Insulin
use was higher in those with than with-
out self-reported cardiovascular disease
(CVD) or chronic kidney disease (CKD),
but biguanide use was lower in those
with CVD or CKD (perhaps reflecting the
relative contraindication ofmetformin to
low kidney function).

Use of an antihypertensivemedication
(predominantly an angiotensin-converting
enzyme inhibitor or angiotensin II recep-
tor blocker), aspirin, or lipid-lowering drug
(predominantly a statin) increased be-
tween 1998–2004 and 2015–2019 (Fig. 3
and Supplementary Fig. 1). Of those with
previously diagnosed diabetes, use of an-
tihypertensive medication increased from
35% to 51%, use of aspirin increased from
3%to12%, anduseof a lipid-loweringdrug
increased from 1% to 14%. Among people
with diabetes, use of these medications
was higher in thosewith thanwithout CVD
or CKD, but even among those with CVD,
only just over one-thirdwere taking aspirin
or a lipid-lowering drug.

During follow-up, which was for a
median of 16 (IQR 15–17) years among
survivors, there were 9,465 deaths at
ages 35–74 years. Among those who had
at recruitment reported no chronic dis-
ease other than diabetes, the all-cause
mortality rate ratio at these ages com-
paring those with versus without diabe-
tes at baseline was 2.3 (95% CI 2.1–2.5)
for controlledand3.9 (95%CI3.8–4.1) for

Table 1—Age-specific prevalence, diagnosis, treatment, and control of diabetes at recruitment and resurvey

Age, years

Diagnosed or
undiagnosed
diabetes, %

Of those with
diabetes, percent

previously
diagnosed

Of those previously
diagnosed, percent

on glucose-
lowering treatment

Controlled diabetes, %

All those
with

diabetes

Those with
previously
diagnosed
diabetes

Those with previously
diagnosed diabetes on

glucose-lowering
treatment

Recruitment (1998–2004)
45–54 18 70 78 10 15 19
55–64 28 77 79 14 18 23
65–74 32 81 82 18 22 28
75–84 28 77 82 22 28 35
Overall, 45–84 26 76 80 16 21 26

Resurvey (2015–2019)
45–54 25 83 92 29 35 38
55–64 35 88 94 33 38 40
65–74 41 92 95 40 44 46
75–84 38 94 94 44 47 50
Overall, 45–84 35 89 94 37 41 44

Controlled diabetes is defined as HbA1c,7.0%. Percentageswithin each 10-year age range are uniformly standardized for sex and district of residence.
The four age-specific prevalences are then averaged to give the uniformly age-, sex-, and district-standardized estimates at ages 45–84 years. Among
participants aged 35–44 years at the baseline survey, percentage estimates were (following the order of the columns above) 7, 60, 72, 9, 15, and 20%.
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inadequately controlled diabetes (Sup-
plementary Table 3). Particularly for in-
adequately controlled diabetes, these
rate ratios were larger at younger than
older ages, and the absolute excess risks
associated with them accounted for 34%
of all mortality at ages 35–74 years (5%
for controlled diabetes plus 29% for in-
adequately controlled diabetes). Deaths
resulting from cardiac, renal, and infec-
tious diseases had the largest absolute
excess risk associated with diabetes (Sup-
plementary Fig. 2).

CONCLUSIONS

Diabetes and poor glycemic control are
common in Mexico and carry a much
worse prognosis than in high-income
countries (1). Comparing the baseline
survey in 1998–2004with the2015–2019
resurvey, the age-, sex-, and district-
standardized prevalence of diabetes at
ages 45–84 years increased from approx-
imately one-quarter to approximately
one-third, the proportion of those with
diabetes who were unaware of this de-
creased from approximately one-quarter

to approximately one-tenth, and the use
of at least one glucose-lowering medi-
cation (particularly metformin and in-
sulin) increased from 80% to 94%, with
;40% now taking at least two glucose-
loweringmedications. Correspondingly,
among those with diabetes, the average
HbA1c decreased, and the proportion
withcontrolleddisease (HbA1c,7%)more
than doubled. However, these improve-
ments in diagnosis and treatment were
counterbalanced by the increase in di-
abetes prevalence, so the prevalence of
diagnosed but inadequately controlled
diabetes had not changed much.

A limitation of our study is that it is
derived from just two districts of Mexico
City and so is not representative of the
whole of Mexico. Despite this, our esti-
mate of the prevalence of diabetes at
ages 45–84 years at recruitment is similar
to thenationally representative Encuesta
Nacional de SAlud y NUTricion (ENSA-
NUT) study in 2006 (14). Similarly, our
estimate of the prevalence at resurvey is
consistent with estimates for Mexico by
the Global Burden of Disease investiga-
tors (18) (Supplementary Table 4) but
somewhat higher than the ENSANUT
2016 estimate of 26% among 3,700 adults
aged $40 years (13). This could reflect
differences in the age distribution be-
tween the two studies, because diabetes
prevalence in ENSANUT at ages 60–69
years (average age 65 years) was similar
to the prevalence at ages 55–74 years in
our resurvey. Our estimates of the pro-
portion of those whose diabetes was
controlled (16% in 1998–2004and37% in
2015–2019) are also somewhat higher
than those reported in the ENSANUT
studies [5% in ENSANUT 2006 (14) and
31% in ENSANUT 2016 (13)]. The higher
proportions of participants with control
of their diabetes in our study might
reflect the higher mean age in our study,
because we found control to be worse
among younger adults. Taken together,
the proportion of those with diabetes
whose disease is controlled in Mexico is
low compared with, for example, the
average across all U.S. populations be-
tween 2011 and 2016, in which 56% of
those with diabetes were estimated to
have their diabetes controlled (19).

Our study reinforces the previous find-
ings of the ENSANUT surveys but extends
them in three important ways: first, by
providing information on the use of di-
abetes drugs (and other drugs that

Figure 1—Mean HbA1c by age in those with versus without diabetes at recruitment (1998–2004)
and resurvey (2015–2019). HbA1c denotes glycosylated hemoglobin. Percentages adjusted for sex
and district of residence. Diabetes defined as self-reported previous medical diagnosis, use of
glucose-lowering medication, or measured HbA1c $6.5%.
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reduce cardiovascular risk, such as lipid-
lowering drugs); second, by presenting
key results separately at different ages;
and third, by relating diabetes control at
recruitment directly to subsequent mor-
tality. In our study, similar approaches to
data collection were used at both sur-
veys, and results were not fed back to
participants (therefore, it is unlikely that
the information recorded at resurvey
would have been influenced by the fact
that they had taken part in a similar
survey more than a decade earlier). Al-
though those involved in the 2015–2019
resurvey were (necessarily) study partic-
ipants who had survived until 2015–
2019, our uniform standardization by
age, sex, and district ensures that the
prevalence estimates for the 2015–2019
period provide valid comparisons with
the equivalent estimates from the 1998–
2004 period (and would also account for
differences between the two surveys in

factors correlated with age, such as du-
ration of diabetes).

The characteristics of this study al-
lowed reliable and detailed assessment
of changes in diabetesmanagement over
the past ;15 years among adults in
Mexico City. Data were drawn from a
large study with high volunteer rates
from two large municipalities, which
are home to ;2.5 million people,
representing a large spectrum of socio-
economic status in the city. To enable
like-with-like comparisons between re-
cruitment and resurvey, our estimates
were uniformly standardized for age (the
largest determinant for prevalence of
diabetes), sex, and district. The observed
increase in the standardized prevalence
of diabetes between the 1998–2004 and
2015–2019 surveys is in close agreement
with the country’s diabetes projections
(20) and is in concordance with the high
incidence rate of diabetes (21) in this

population. The upsurge of diabetes in
Mexico has been attributed to the un-
derlying increase of overweight and obe-
sity in thecountry in the last 20years (11).
Improving diet and increasing physical
activity among the population could po-
tentially help to control the epidemic of
diabetes in the long term, but these
would also likely contribute to achieving
better glycemic control among individ-
uals with the disease (17). The improve-
ments seen in diagnosis and treatment
use between the two surveys reflect a
range of factors, including, perhaps, sec-
ular changes in education (the standard-
ized prevalence of having been educated
to at least college level doubled between
the two surveys).

An important finding from our study is
themajoropportunity to improve theuse
of other treatments proven to reduce
CVD risk (22,23) or CKD progression (24).
Although half of those with diabetes

Figure 2—Prevalence and control of diabetes at ages 45284 years at recruitment (1998–2004) versus resurvey (2015–2019). Prevalence estimates are
standardized for sex anddistrict of residence. Full bars represent the age-specific prevalence of diabetes, shownat the topof the bars in bold. Category-
specific prevalence is shown in italics inside the relevant block within bars. Diabetes defined as previously diagnosed diabetes (i.e., previous medical
diagnosis or useof glucose-loweringmedication) or undiagnoseddiabetes (i.e., nopreviousdiagnosis butHbA1c$6.5%). Controlleddiabetes definedas
HbA1c ,7%.
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were on antihypertensive treatment and
;40%were on an angiotensin-converting
enzyme inhibitor or angiotensin II re-
ceptor blocker by the 2015–2019 survey,
the proportion using a statin was only
14% and was only one-third in those
who also had a history of CVD. Use of
statins is also suboptimal in the U.S. but
higher than in Mexico. In 2013, 58% of
those recently diagnosed with diabetes
or with atherosclerotic CVD in the U.S.
were treatedwith a statin (25). Statin use
in Mexico has been reported to be even
lower than seen in our results (26), despite
Mexican clinical guidelines beginning to
recommend statin use in middle-aged
adults with diabetes in 2004 (27,28) after
the clear evidence of benefit from ran-
domized trials (29). Such extremely low
statin uptake in Mexico may result from
historical limited availability in public
primary care and a perception that re-
sults of a diagnostic blood lipid panel are
necessary before initiating such therapy
(with point-of-care testing reimbursed
by Seguro Popular introduced only in

2017 in an attempt to address this issue).
Afire-and-forgetapproach(i.e.,prescribing
a generic moderately intensive statin to
people at high cardiovascular risk with-
out further systematic lipid testingordose
adjustment) could be a simple strategy to
address the challenge of supplying the
millions of peoplewith diabetes inMexico
with effective lipid-lowering therapy and
reducing vascular mortality (30).

Inadequately controlled diabetes was
associated with a much greater excess
mortality than controlled diabetes, ac-
counting for ;30% of all premature
deaths in this Mexican population, with
the excess risk associatedwith controlled
diabetes accounting for a further 5% of
prematuredeaths. If anything, thesemay
be underestimates, because they are
based on single baseline assessments of
diabetes and HbA1c. The excessmortality
risk associated with diabetes is likely to
be mediated through a range of mech-
anisms, including nonglycemic risk factors
related to the synergistic effects of ad-
iposity, high blood pressure, CKD, and

dyslipidemia (31,32), whereas some of
the differences in mortality risk seen
betweenthosewithcontrolledversusun-
controlled diabetes may be due to dif-
ferential use of risk-reducing treatments.
Future analyses of these and other data
(including genetic data) will explore such
research questions. Until then, public
health and fiscal interventions on the
lifestyle drivers of adiposity would likely
help reduce the rise in diabetes and help
Mexico meet the global World Health
Organization target to halt by 2025 the
rise in the age-standardized adult prev-
alence of diabetes from its 2010 level
(33). The challenge facing Mexico, and
many other health care systems around
the world, is how to deliver cost-effectively
(30)andequitably to thegrowingmillions
ofpeoplewhohavediabetes simpleglucose-
lowering, antihypertensive, and lipid-
lowering therapies.
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López, JorgeRicardoMedinaTorres, JoselynAdalı́
Garcı́a Pantoja, Juan Pablo Hernández Canales,
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emergencia epidemiológica por diabetes mellitus y
obesidad. Accessed 6 May 2020. Available from
https://www.gob.mx/salud/prensa/emite-la-
secretaria-de-salud-emergencia-epidemiologica-
por-diabetes-mellitus-y-obesidad
7. Rao Kondapally Seshasai S, Kaptoge S,
Thompson A, et al.; Emerging Risk Factors Col-
laboration. Diabetes mellitus, fasting glucose,
and risk of cause-specific death. N Engl J Med
2011;364:829–841
8. Herrington WG, Alegre-Dı́az J, Wade R, et al.
Effect of diabetes duration and glycaemic control
on 14-year cause-specific mortality in Mexican
adults: a blood-based prospective cohort study.
Lancet Diabetes Endocrinol 2018;6:455–463
9. Olaiz G, Rojas R, Barquera S, et al. Encuesta
Nacional de Salud 2000. Tomo 2. La salud de los
adultos, 2003. Accessed 19 May 2020. Available
from https://ensanut.insp.mx/encuestas/ensa2000/
informes.php
10. Olaiz-FernándezG,Rivera-DommarcoJ,Shamah-
Levy T, Rojas R, Villalpando-Hernández S, Hernández-
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