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Abstract
Objective. To estimate the incidence of type 2 diabetes 
(T2D) in Mexican population. Materials and methods. 
Population based prospective study. At baseline (1990), the 
population at risk (1 939 non-diabetic adults 35-64 years) 
was evaluated with oral glucose tolerance test. Subsequent 
similar evaluations were done (1994, 1998, 2008). American 
Diabetes Association diagnostic criteria were applied. Re-
sults. The period of observation was 27 842 person-years, 
the cumulative incidence of T2D was 14.4 and 13.7 per 1 000 
person-years for men and women, respectively. Incidence was 
15.8, 15.7 and 12.7 per 1 000 person-years for the second 
(1994), third (1998) and fourth (2008) follow-up phases, 
respectively. The mean age at diagnosis was 44 years for 
prevalent cases and 56 years for incident cases. Conclu-
sions. This is the first estimate of long-term incidence of 
T2D in Mexican population. The incidence is among the 
highest reported worldwide. It remained with few changes 
throughout the study period.
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Resumen
Objetivo. Estimar la incidencia de diabetes mellitus tipo 2 
(T2D) en México. Material y métodos. Estudio prospecti-
vo, de base poblacional. En el examen basal (1990) se evaluó a 
1 939 participantes normoglucémicos, con curva de tolerancia 
a la glucosa. Se realizó examen similar en tres evaluaciones 
subsecuentes (1994, 1998, 2008). Se aplicaron criterios 
recomendados por la American Diabetes Association. Resul-
tados. En el tiempo de observación (27 842 años persona), 
la incidencia acumulada de T2D fue de 14.4 y 13.7 por 1 000 
años persona en hombres y mujeres, respectivamente. En 
evaluaciones intermedias de (1994, 1998 y 2008) fue de 15.8, 
15.7 y 12.7 por 1 000 años persona, respectivamente. Los 
casos prevalentes tuvieron edad promedio al diagnóstico de 
44 años; los incidentes de 56 años. Conclusiones. Esta es 
la primera estimación a largo plazo de la incidencia de T2D 
en población mexicana. Los resultados se encuentran entre 
los más altos informados en el mundo.
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There is national consensus that type 2 diabetes (T2D) 
is a public health problem of the highest priority 

for Mexico. This is due to its high prevalence (14% of 
total adults), its morbidity and mortality. These facts are 
reflected in significant human and economic costs. In 
addition, there is an ominous future since the proportion 
of the elderly in Mexico is growing significantly and T2D 
in this age group occurs in 25-30% of cases.1-5

 National health surveys suggest increments in the 
prevalence of T2D throughout the past three decades. If 
this is true, it could be the result of several factors, one 
of which might be that the increase in prevalence is the 
result of an increment in the incidence of T2D. Hence, 
to characterize appropriately the nature of the epidemic 
it is important to have estimates of the incidence of this 
pathologic condition. In the United States the estimated 
costs attributable to T2D were 245 billions in 2012, 41% 
higher than the previous calculation. In Mexico costs 
associated to T2D care are alarmingly (high and will 
increase). There is a need for evidence based scientific 
information that will be useful in the elaboration of 
an appropriate strategy in the construction of public 
policy. This is another area in which the estimation of 
the incidence of T2D will be of value.6,7

 There is published information demonstrating that 
the prevention of T2D is possible.8-10 A baseline estimate 
of the incidence of T2D will aid in the evaluation of the 
potential effects of preventive strategies.
 Incidence of T2D will be an important information 
to estimate the efficacy of interventions designed to di-
minish the prevalence of overweight and obesity. This is 
another area where information of the incidence of T2D 
might be of use.11,12 This prospective clinical investiga-
tion reports, for the first time in Mexican population, the 
cumulative incidence of T2D over 18 years of follow-up, 
in a low income adult urban population.

Materials and methods
The Mexico City Diabetes Study (MCDS) is a population 
based, prospective investigation that was designed to 
estimate the prevalence, incidence and natural history 
of T2D and cardiovascular risk factors, in low income 
urban adults residing in Mexico City. The study began 
in 1989 with the identification of a homogeneous low in-
come site. This was located in the delegación (borough) 
Álvaro Obregón. It encompasses six census tracts (áreas 
geoestadísticas básicas) defined by the Instituto Nacional 
de Geografía y Estadística. The following neighbor-
hoods were included: Francisco Villa, Molino de Santo 
Domingo, Unidad Habitacional Molino de Santo Do-
mingo, Liberales de 1857, Lomas de Santo Domingo and 
Real del Monte. After a complete household enumera-

tion and comprehensive census of the entire population 
permanently living in the area (15 532 inhabitants), we 
established that the eligibility criteria would be all men 
and non pregnant women, 35-64 years of age.
 Community centers, worship places, schools, 
meeting sites and opinion leaders were visited in order 
to achieve the best response rates to the invitation to 
participate in the study. Efforts were made to maintain 
a high level of community trust in the trained personnel 
at the field and in the staff that conducted the interviews 
and examinations.
 At baseline (1989-1990), a total of 3 319 subjects 
were interviewed and 2 282 examined (from a total 
of 3 505 eligible individuals). The final cohort was 
composed of 941 men and 1 341 women. We identified 
a total of 343 (15%) subjects with prevalent diagnosis 
of T2D, of which 179 (52%) were individuals that self 
reported they had T2D. We established that in order to 
consider them truly as patients with T2D, they must 
have been diagnosed by a physician and be under 
pharmacological therapy for diabetes (oral agents and/
or insulin therapy), regardless of their glycemic values. 
In 164 (48% of prevalent cases) we diagnosed T2D as a 
result of the survey. These subjects were unaware of their 
diabetic condition. Therefore the population at risk was 
1 939 non-diabetic participants. In the second follow-up, 
approximately four years later, 2 055 from the original 
cohort were interviewed and 1 773 participants were 
examined (717 men, 1 056 women). A third follow-up, 
performed also approximately four years latter, included 
2 093 interviewed and 1 594 examined individuals (647 
men, 947 women). The fourth follow-up, performed 
during 2008, included 1 253 participants that were in-
terviewed and 1 174 examined (462 men, 712 women).
 Home interviews were attempted in all eligible 
subjects. The questionnaire contained items to deter-
mine the presence of previously diagnosed T2D, and of 
cardiovascular risk factors, such as: overweight, obesity, 
hyperlipidemia, hypertension, tobacco use, physical 
activity, diet and self-care.
 After the home interview, participants were invited 
to a clinical and laboratory examination. All subjects 
were asked to arrive to the clinic with 12 hours of fasting 
prior to the exam. Informed consent was obtained from 
all participants in accordance with the ethical principles 
for medical research involving human subjects. The 
institutional review boards of the Centro de Estudios 
en Diabetes and the Instituto Nacional de Salud Pública 
approved the protocol. 
 Each evaluation was performed in a standardized 
manner; participants were examined in a disposable 
gown and no shoes. Anthropometry included: height, 
weight, waist and hip circumferences, tricipital and 
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sub-scapular skin folds. Blood pressure (BP) was 
measured three times, using a calibrated random zero 
sphygmomanometer, in the sitting position after 5 min 
of rest, the mean of the last two readings was used.13 In 
all phases of the study, an oral glucose tolerance test, 
using 75 gr of glucose load was performed, fasting and 
2 hours insulin, and lipids profile were obtained.
 The laboratory used standardized protocols to 
measure metabolic variables. The results of the clinical 
and laboratory evaluation with medical interpretation 
and recommendations were delivered to every par-
ticipant. International diagnostic criteria were applied. 
T2D was defined as the American Diabetes Association 
recommends:14 Fasting glucose ≥126 mg/dl, and/or 2 
hours glucose ≥ 200 mg/dl or when a participant self 
reported having been diagnosed by a physician and 
was on medication for type 2 diabetes, regardless of the 
blood glucose found in the laboratory result.
 When a participant was found to be deceased and 
the death certificate stated that he or she was diagnosed 
as T2D and we had not previously diagnosed him or her 
we accepted the diagnosis.
 Hypertension was diagnosed using the Joint Na-
tional Commission on Detection and Evaluation of Hy-
pertension (JNC VII) diagnostic criteria.15 Participants 
who self-reported having been diagnosed by a physi-
cian as hypertensive and were taking antihypertensive 
medications were considered hypertensive, regardless 
of the blood pressure value obtained. Every effort was 
made to obtain an interview with questionnaires, physi-
cal examination and laboratory tests.
 Subjects were classified as home interview non-
responders, when the individual declined to give the 
home interview despite several attempts in which 
our trained personnel approached him or her because 
eligibility status. As clinic examination non-responders 
when, having accepted the home interview the par-
ticipant refused to accept the examination in the initial 
evaluation, or sometime in the follow-up phases.
 During every phase of the study, efforts were made 
to determine the vital status of all study subjects, (even 
non responders). In all the deceased subjects, we tried 
to obtain a death certificate. When this was not possible 
we attempted a formal “verbal autopsy”, as a surrogate 
of the death certificate.
 The estimation of person-years was made by the 
contribution of time in the study of all participants, 
even those who refused at some point to continue in 
the investigation. We consider that the amount of time 
contributed by each person that refused to continue 
ended at the time they expressed that decision. Partici-
pants who died contributed with time until the date of 

death, stated in the death certificate, or informed by 
family members.
 Age at diagnosis was estimated as follows: If the 
participant accurately defined date of diagnosis (day, 
month and year) we took this as such, day 30 was consid-
ered when they knew month and year but not the exact 
day, June 30 was considered if they only remembered 
the year. If the participant was diagnosed at the exam, 
this date was considered as date of diagnosis.
 Statistical analysis was performed using STATA 11.0 
package.* It consisted on descriptive statistics, estima-
tion of every numeric variable, considering mean and 
standard deviation by gender and age group. Variables 
were analyzed with parametric and non-parametric tests 
depending on their distribution.

Results
Table I shows the results of the response rates observed 
throughout the study period by gender. The participa-
tion rate decreased progressively due to losses (n=62, 
2.7%), deaths (n=321, 14%) or clinic non-responders 
(n=327, 14.3%).
 A total of 732 cases of T2D were identified (32% 
of the entire study population). Of the 343 participants 
with T2D (15%) found at baseline, 179 were self reported 
subjects and were significantly older (53.6 vs 50.1, p<.05), 
less obese (BMI 28 vs 30, p<.05) and had shorter waist 
circumference (98 vs 103, p=.06) compared to the indi-
viduals that were also prevalent cases, but were identi-
fied as T2D as a result of the survey.
 Table II shows, by gender, the estimated cumula-
tive incidence of T2D for the total study period. The 
incidence for the intermediate stages of our investiga-
tion is shown. The number of incident cases was 389 
(17% of the total study population), 164 men and 225 
women. The study period (1990-2008), encompassed 
27 842 person-years. Cumulative incidence was 14.4 
and 13.7 by 1 000 person-years for men and women, 
respectively. The incidence per follow-up phase was 
15.8 (1990-1994), 15.7 (1994-1998) and 12.7 (1998-2008), 
by 1 000 person-years respectively.
 All incident cases were diagnosed by oral glucose 
tolerance test except for 12 individuals in which T2D 
was diagnosed by death certificate (3.08% of the incident 
cases). Verbal autopsy was performed but we did not 
identified cases of T2D with this instrument.

* StataCorp. Stata Statistical Software: Release 11. Texas: StataCorp 
LP, College Station; 2009.
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Table I

Total population at baseline and during follow

up phases. Mexico city diabetes study (1990-2008). 
Mexico, 2013

Baseline 1990-1991 Participants

Total population

Eligible subjects 

Interviewed

Examined 

15 532

  3 505

  3 319

  2 282 

Gender (examined) %

Men (941) 41.2

Women (1 341) 58.8

Follow up 2 (1993-1994) Total (% from examined at baseline)

Interviewed

Examined

2 055 (90.0%)

1 773 (77.7%)

Gender (examined) %

Men (717) 40.4

Women (1 056) 59.5

Follow up 3 (1997-1998) Total (% from examined at baseline)

Interviewed

Examined

2 093 (91.7 %) 

1 594 (69.8%) 

Gender (examined) %

Men (647) 40.5

Women (947) 59.4

Follow up 4 (2008-2009) Total (% from examined at baseline)

Interviewed

Examined

1 253 (54.9%) 

1 174 (51.4%) 

Gender (examined) %

Men (462) 39.3

Women (712) 60.6

Total of: N (%)

Losses

Deaths 

Non-responders

62 (2.7)

321 (14)

327 (14.3)

 The age at diagnosis frequency histogram for the 
entire population is shown in figure 1(A). It suggests two 
modes, figure 1 (B, C) shows the frequency distribution 
of age at diagnosis, by diagnostic status (prevalent or 
incident, respectively). The mean age at diagnosis of 

subjects classified as prevalent is less than those classi-
fied as incident (44.4 vs. 55.9 years, respectively).
 At baseline, when subjects entered the study, 
prevalent cases were significantly older than incident 
ones (52.3 vs 46.2 years, p<.05) and also had lower BMI 
(28.8 vs 30.0, p<.05), waist (100.1 vs 101.1, p>.05) and hip 
circumference (100.1 vs 102.7, p <.05).
 Table III represents, in percentiles, the distribution 
of age at diagnosis of our studied subjects. It shows that 
25% of the T2D cases were diagnosed either at or before 
43.5 years old. We present a comparison by percentile 
between incident and prevalent cases. The entire age 
distribution tends to be younger in prevalent cases. 
Fifty per cent of incident diabetic subjects received their 
diagnosis being 10 years older than subjects classified 
as prevalent at baseline.
 In figure 2 we present selected publications in which 
incidence of T2D is informed, expressed in person-years, 
and representing several populations and ethnic groups. 
It is shown from the highest to the lowest reported 
incidence. We include these publications based on com-
parable methods. It can be noted that our results occupy 
the seventh position among the studies selected.16-21

Table II

incidence of type 2 diabetes throughout

the study. Mexico city diabetes study (1990-2008). 
Mexico, 2013

Cases Person-Years Incidence y 1000

Follow up 2 (1990-1994)

     Total 94 5 964.2 0.0158 15.8

     Men 44 2 487.1 0.0177 17.7

     Women 50 3 477.1 0.0144 14.4

Follow-up 3 (1994-1998)

     Total 87 5 552.4 0.0157 15.7

     Men 35 2 262.0 0.0155 15.5

     Women 52 3 290.5 0.0158 15.8

Follow-up 4 (1998-2008)

     Total 208 16 326.1 0.0127 12.7

     Men   85  6 637.6 0.0128 12.8

     Women 123  9 688.6 0.0127 12.7

Total studied time (1990-2008)

     Total 389 27 842.7 0.0140 14.0

     Men 164 11 386.6 0.0144 14.4

     Women 225 16 456.1 0.0137 13.7
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Discussion
This is the first investigation in Mexican population de-
signed to obtain an estimate of the long term incidence of 
T2D. The data presented demonstrates that a significant 
proportion of individuals (25% of subjects with T2D) 
have a clinical presentation at younger ages. This “early 
onset” T2D has been identified previously and coincides 
with an estimate of 25% of the entire T2D population.22 
The experimental design of the study has to be taken 
into account in order to interpret the interactions of 
the concepts of age at diagnosis and age of entry to the 
study. This is the reason why prevalent cases are older 
at the entry phase and younger at the age of diagnosis 
when compared to incident cases.
 The fact that we found relatively stable incidence 
throughout the study, should be taken with caution, 
because by design, our investigation initiates in a group 

Table III

Age at diagnosis of t2d percentile distribution. 
Mexico city diabetes study (1990-2008).

Mexico, 2013
 

Percentiles 10% 25% 50% 75% 90%

Combined men and women

     Age in years 38.4 43.5 49.4 56.4 64.7

Total men

     Age in years 37.4 43.3 49.6 56.2 63.8

Total women

     Age in years 39.6 43.7 49.3 56.8 64.7

Incident cases combined men and women

     Age in years 45.0 49.7 55.3 61.6 69.1

Prevalent cases combined men and women

     Age in years 36.1 40.1 44.2 48.6 53.7
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figure 1. age at diagnosis of t2d frequency histograM, Mexico city diabetes study (1990-2008). Mexico, 2013
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of subjects in which, though were relatively young, we 
could have missed an increment in the incidence within 
the younger of them (less than 35 years of age). The fact 
that we found a decrement from 15.7 to 12.7 per 1 000 
person-years in the last phase of our investigation sug-
gests that the survival of the healthiest, with lesser risk 
to T2D, might be expressed with lower incidence rates 
in this age group.
 The comparison with the incidences reported 
in other populations, sheds light in the study of the 
phenomenon. The highest reported incidence, by 
person-years, corresponds to Pima indians. These 
comparisons demonstrate that the Mexican population 
is situated among the high incidence levels of T2D 
worldwide16-21 (figure 2). 
 The group that studies the Pima indian population 
reported no increment in the incidence of T2D through 
three follow-up periods. They found the following 
incidences: 25.3 (1965-1977), 22.9 (1978-1990) and 23.5 
(1991-2003) cases per 1 000 person-years respectively.16 
Although these incidence rates are considerably higher 
than those obtained in our study, both investigations 
coincide in the fact that incidence rates have remained 
relatively stable throughout the long period of obser-
vation. It should be noted that the incidence obtained 
in our investigation is higher than the reported in non 
Hispanics whites.23

 These findings are even more significant if we 
consider the results of a study done in a cohort of men 
followed for 23 years in England. In that investigation 

the incidence of T2D increased from 2-4 cases to 9-11 
cases per 1 000 person-years in the last period of obser-
vation. Authors conclude that this increment was due to 
the increase in weight of the population.24 This should 
be an alert signal, if we considered the rapid pace at 
which the obesity epidemic is occurring in Mexico.12,25 
Other researchers found that the incidence of T2D was 
higher in low income subjects compared to high income 
individuals (20.4 vs 9.2 cases per 1 000 person-years).26 
Whereas weight gain and poverty have a promoting 
effect, inducing higher incidence of T2D, as evidenced 
by these studies, the Mexican population is at risk of 
reaching even higher incidence rates.
 The limitations of the metric used to estimate the 
incidence of T2D in any given population (person-
years) should be recognized. It assumes a uniform risk 
throughout the follow-up period. Also, a population-
based study with a long follow-up period is susceptible 
to selection bias. Despite these limitations, this approach 
is useful and valid for international comparisons and 
the assessment of the dynamics of the phenomenon.
 The evidence from this research provides data of 
potential use in the development of new strategies of 
interventions directed to the earliest phases of T2D with 
focus in the younger age group.
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