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Abstract

Aim: To investigate the joint associations of diabetes and obesity with all-cause and

cardiovascular disease (CVD) mortality in the Mexico City Prospective Study.

Materials and Methods: In total, 154 128 participants (67.2% women) were included

in this prospective analysis. Diabetes was self-reported, while body mass index was

used to calculate obesity. Using diabetes and obesity classifications, six groups were

created: (a) normal (no diabetes and normal weight); (b) normal weight and diabetes;

(c) overweight but not diabetes (overweight); (d) overweight and diabetes (prediabe-

sity); (e) obesity but not diabetes (obesity); and (f) obesity and diabetes (diabesity).

Associations between these categories and outcomes were investigated using Cox

proportional hazard models adjusted for confounder factors.

Results: During 18.3 years of follow-up, 27 197 (17.6%) participants died (28.5%

because of CV causes). In the maximally adjusted model, participants those with the
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highest risk {hazard ratio (HR): 2.37 [95% confidence interval (CI): 2.24-2.51]}, fol-

lowed by those with diabesity [HR: 2.04 (95% CI: 1.94-2.15)]. Similar trends of associ-

ations were observed for CVD mortality. The highest CV mortality risk was observed

in individuals with diabesity [HR: 1.80 (95% CI: 1.63-1.99)], followed by normal

weight and diabetic individuals [HR: 1.78 (95% CI: 1.60-1.98)].

Conclusion: This large prospective study identified that diabetes was the main driver

of all-cause and CVD mortality in all the categories studied, with diabesity being the

riskiest. Given the high prevalence of both conditions in Mexico, our results reinforce

the importance of initiating prevention strategies from an early age.
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1 | INTRODUCTION

The prevalence of obesity, a complex and multi-etiological condition,

has tripled in the last 45 years worldwide, affecting both genders irre-

spective of socio-economic status.1–3 In 2019, 52% of the global pop-

ulation was overweight or obese (approximately 1.9 billion and

650 million adults, respectively).1 In the Americas region, the com-

bined prevalence of overweight and obesity increased from 58.2% in

1980 to 92.5% in 2019. Mexico and the United States lead these

prevalence rates, holding the highest figures in the region.2

Obesity is one of the major risk factors for the development of

type 2 diabetes (hereafter: diabetes); both conditions have a severe

impact on the lives of those affected. By 2017, a global prevalence of

6.3% was estimated, meaning about 462 million people had diabetes.4

Obesity and diabetes share risk factors, such as unhealthy diets and

low leisure time physical activity, as well as conditions and diseases,

including cardiovascular diseases (CVD), dyslipidemia, hypertension,

metabolic-associated fatty liver disease and metabolic syndrome,

among others.4,5 The factor that probably stands out in both condi-

tions is insulin resistance, a consequence of abdominal adiposity.6

The term ‘diabesity’ describes a condition in which both diabetes

and obesity coexist, referring to the close association in the pathophysi-

ology of both conditions and how they exacerbate each other.6,7 It rep-

resents the continuation of metabolic alterations that begin with

resistance to the action of insulin in target cells and culminate in diabe-

tes diagnosis. Although the etiology of diabetes may have genetic pre-

dispositions, its development is strongly influenced by environmental

factors, dietary patterns and lifestyles.8 The diabesity concept is emerg-

ing again as a powerful tool for reinforcing prevention and treatments

in line with the high prevalence of obesity and diabetes across the

globe. It is even more important now that drugs such as glucagon-like

peptide-1 receptor agonists, initially developed for treating diabetes,

have recently shown substantial weight loss.9 Recent trials, in fact,

showed that these drugs resulted in significant weight loss and CV pro-

tection for obese patients, irrespective of their diabetes status.10

Mexico is of particular interest since the obesity prevalence has

reached a record level. In fact, according to the 2022 National Health

and Nutrition Survey (ENSANUT 2022), the cumulative prevalence of

overweight and obesity in the Mexican adult population was 75.2%,

while abdominal obesity was 81.0%.11 Furthermore, based on the

same national data, the prevalence of diabetes was 18.3%.12 Even if

the individual association of obesity and diabetes with mortality has

been widely investigated worldwide,13–15 very few investigations

have been conducted on the association of diabesity with adverse

outcomes,16 and, to the best of our knowledge, no large cohort stud-

ies have explored this association both in middle-aged and older

adults in the Latin America Region. Therefore, considering that obe-

sity and diabetes are known to be individually associated with mortal-

ity, this study aimed to investigate the joint associations of diabesity

with all-cause and CVD mortality in the Mexico City Prospective

Study.

2 | METHODS

The Mexico City Prospective Study is a population-based cohort

study involving a follow-up of more than 150 000 adults (Figure S1).

Briefly, between 1995 and 1997, door-to-door interviews were con-

ducted to compile a record of all households in the neighbouring dis-

tricts of Coyoacán and Iztapalapa in Mexico City.17 Recruitment

teams then visited households, and at least one adult aged ≥35 years

was recruited from 94% of eligible households.17 Trained nurses col-

lected data in the participant's household, and the baseline survey

took place from 1998 to 2004.17 More information can be found

elsewhere.17

2.1 | Ethics

The Mexican Ministry of Health approved the study as well a the

Mexican National Council of Science and Technology (approval num-

ber 0595 P-M), and the Central Oxford Research Ethics Committee

(C99.260). All participants provided written, informed consent. The

data used in the current report were obtained through an open-access
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data request made to the Mexico City Prospective Study principal

investigators.

2.2 | Diabesity

Diabetes history was diagnosed as yes or no using self-reported infor-

mation at baseline. Weight (kg) and height (m2) were used to estimate

obesity using body mass index (BMI), calculated as kg/m2 and classi-

fied using the World Health Organization criteria for adults as follows:

normal weight: 18.5-24.9 kg/m2; overweight: 25.0-29.9 kg/m2;

obese: ≥30.0 kg/m2. Underweight individuals (<18.5 kg/m2) were

removed from this analysis to avoid potential reverse causality.

Then, using diabetes and obesity classifications, six groups were

created: (a) normal (no diabetes and normal weight); (b) normal-weight

and diabetes; (c) overweight but not diabetes (hereafter: overweight);

(d) overweight and diabetes (hereafter: prediabesity); (e) obesity but

not diabetes (hereafter: obesity); and (f) obesity and diabetes (hereaf-

ter: diabesity).

As a sensitivity analysis, waist circumference was used instead of

BMI as a measure of adiposity to classify obesity. Central obesity was

classified as waist circumference ≥80 and ≥90 in women and men, fol-

lowing the Mexican classification.11 Then, the following four catego-

ries were created for the sensitivity analysis: (a) normal (no diabetes

nor central obesity); (b) diabetes (no central obesity); (c) central obe-

sity (no diabetes); and (d) diabesity (central obesity and diabetes).

2.3 | Outcomes

The registration of deaths in Mexico is thorough, with almost all

deaths certified medically and with few deaths attributed to unknown

causes.18 The outcomes included in this study were all-cause and

CVD mortality. Mortality was tracked up to the 31 December 2020

through probabilistic linkage to the national death register based on

the participant's name, age and sex. Diseases listed on the death cer-

tificates were coded according to the International Classification of

Diseases, 10th Revision (ICD-10).19

2.4 | Covariates

Age at baseline was determined from the date of birth and baseline

assessment. Sex was self-reported at baseline. Education level, civil

status and occupation were self-reported. Educational level was clas-

sified using the following five categories: none; at least some elemen-

tary; at least some high school; at least some college; and at least

some university. Civil status was classified as single, divorced or sepa-

rated, married or living with a partner, and widowed. Occupation was

classified as worker, student, housework, retired and unemployed.

Prevalent morbidity (morbidity count) was ascertained during a

nurse-led interview at baseline, and participants were classified as

having no prevalent morbidity or ≥1 prevalent morbidity based on

17 long-term conditions (emphysema, heart attack, angina, asthma,

stroke, chronic kidney insufficiency, peptic ulcer, cirrhosis, hyperten-

sion, diabetes, some types of cancer and peripheral arterial disease).

Smoking [never, former (quit >3 years ago), current but not daily,

daily (<10 cigarettes/day) and daily (≥10 cigarettes/day)], as well as

alcohol intake (none, former use, ≤3 times/month, ≤2 times/week and

≥3 times/week), were self-reported. Diet quality was expressed as

fruit and vegetable intake using the following groups: never, 1 or

2 days per week, 3 or 4 days per week, and ≥5 days per week, while

physical activity was classified as <1 time/week, 1-2 times/week, and

≥3 times/week. Finally, participants were asked about their sleep

duration, and the at-risk group was defined as sleeping <7 or >9 h per

night. Further details on the Mexico City Prospective Study design

and methodology are available elsewhere.17

2.5 | Statistical analyses

Descriptive baseline characteristics are presented as means with SD

for quantitative variables and as frequencies and percentages for cate-

gorical variables according to the six diabesity categories.

Associations between diabesity categories and mortality out-

comes were investigated using the Cox proportional hazard models,

with the time of follow-up used as the timeline variable. Individuals in

the normal category (no diabetes and normal weight) were used as

the referent category. The results are reported as hazard ratios (HRs)

with their 95% confidence intervals (95% CI).

Underweight participants (n = 826), those with missing data for

one or more covariates (n = 2552), and those for whom it was unclear

their vital status (n = 2011) were excluded from the all-cause and

CVD mortality analyses (Figure S1). In addition, participants who

already had or suffered from a heart attack, angina, stroke, or periph-

eral arterial disease at baseline were removed just from the CVD ana-

lyses (n = 12 423). The latter was carried out to account for the

burden of diabesity categories in people without these major adverse

CV conditions at baseline.

Analyses were adjusted using three incremental models: model

1 was adjusted for sociodemographic characteristics (age, sex, marital

status, occupation and educational level); model 2 was additionally

adjusted for morbidity count; and model 3 additionally included lifestyle

factors (physical activity, smoking, alcohol intake, sleep categories and

fruit and vegetable intake). In addition, further analyses were performed,

including three landmark periods in model 3, to assess the impact of

reverse causality. In these analyses, individuals who died during the first

2, 5 and 10 years of follow-up were removed from the analyses.

To investigate whether the associations between the diabesity

categories and the outcomes differed by population groups, the ana-

lyses were stratified by age (≥65 years and <65 years) and sex (men

and women). An interaction term among the subgroups, the diabesity

categories, and the outcomes was fitted into the model to test for

interaction.

As a sensitivity analysis, central obesity (waist circumference) was

used instead of BMI to identify diabesity as a measure of adiposity. In

PETERMANN-ROCHA ET AL. 3
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this case, participants without central obesity or diabetes were used

as the referent group. Finally, a further sensitivity analysis was per-

formed just for CVD mortality, where analyses were adjusted for sta-

tins and angiotensin-converting enzyme inhibitors at baseline. These

drugs were included just as sensitivity covariates, considering people

with major adverse CV outcomes at baseline (n = 12 423) were

removed from the main analysis.

Stata 18 statistical software (StataCorp LP) was used to perform

all analyses. Values for p < .05 were considered statistically significant.

This study follows the STROBE reporting guidelines for cohort studies

(see more details in the Supplementary material).20

3 | RESULTS

After removing participants with missing data and those whose vital

status was unclear (n = 5389), 154 128 were finally included

(Figure S1). The baseline characteristics of the total included popula-

tion and the diabesity categories created are shown in Table 1. Over-

all, 67.2% of the total sample were women. Participants would

probably be married or living with a partner, have a lower educational

level, and be workers or houseworker. Regarding diabesity categories,

a low proportion of the population had diabetes, irrespective of their

nutritional status (13.3%). Among people with diabetes, the highest

prevalence was observed in individuals with prediabesity. Compared

with people without diabetes, irrespective of their nutritional status,

diabetics were older (particularly those in the normal weight and dia-

betic category), would probably be houseworkers or unemployed,

have lower educational levels, eat fruit and vegetables three to four

times per week, and never smoke. More general characteristics are

available in Table 1.

Over 18.3 (interquartile range: 17.5-19.6) years of follow-up,

27 197 (17.6%) participants died. Of them, 7743 (28.5%) died because

of CV causes. Associations between diabesity categories and all-cause

and CVD mortality are shown in Figure 1. In the minimally adjusted

model, compared with normal weight and no diabetes, participants

with diabetes had a higher mortality risk, being normal weight and dia-

betes participants those who had the highest risk [HR: 2.90 (95% CI:

2.76-3.06); p < .001], followed by those with diabesity [HR: 2.50 (95%

CI: 2.38-2.62); p < .001]. In contrast, participants who were over-

weight had a lower mortality risk [HR: 0.96 (95% CI: 0.92-0.99);

p < .05]. After further adjusting (models 2 and 3), the associations

were attenuated but remained statistically significant for all the cate-

gories (Figure 1). When the landmark periods (2, 5 and 10 years) were

included in model 3, associations were once again attenuated. Inter-

estingly, after removing participants who died during the first 5 and

10 years of follow-up, the highest mortality risk was observed in indi-

viduals in the diabesity category [HR5years: 2.33 (95% CI: 2.19-2.48);

p < .001 and HR10years: 2.65 (95% CI: 2.45-2.86); p < .001] while the

previous protective association between overweight and all-cause

mortality disappeared, with these individuals having a 5% and 16%

higher risk compared with their counterparts (Figure 1).

Similar trends of associations were observed for CVD mortality.

The highest CV mortality risk was observed in individuals with diabe-

sity [HRmodel 3: 1.80 (1.63-1.99); p < .001], followed by normal weight

and diabetic individuals [HRmodel 3: 1.78 (95% CI: 1.60-1.98);

p < .001]. However, no significant association was identified for over-

weight individuals (model 3, Figure 1). Similar trends were observed

for CV mortality in the landmark analyses as per all-cause mortality

and when the statin and ACE inhibitors at baseline were included in

the sensitivity analysis (Table S1). For instance, after removing the

first 10 years of follow-up, all categories had a higher CVD mortality

risk; however, the highest risk was observed in individuals who had

diabesity [HR: 2.17 (95% CI: 1.88-2.51); p < .001], followed by predia-

besity [HR: 1.95 (95% CI: 1.70-2.24); p < .001] and normal-weight dia-

betic individuals [HR: 1.73 (95% CI: 1.46-2.05); p < .001] (Figure 1).

The subgroup analyses by age and sex are shown in Table 2. Sig-

nificant interactions were identified between all diabesity categories

and age, both in all-cause and CVD mortality (p < .05). In all cases, the

risk was higher in individuals <65 years than those >65 years. Regard-

ing sex, only the categories with diabetes (i.e. normal-weight diabetes,

prediabesity and diabesity) had a significant interaction for all-cause

mortality. Yet, even if women had a higher all-cause mortality risk

than men, men had a higher CVD mortality risk than women (Table 2).

Finally, when waist circumference was used to measure obesity

instead of BMI, all categories were associated with a higher all-cause

and CVD mortality risk, even after including the three different land-

mark periods (Table S2). As per BMI, the highest risk was observed in

individuals with normal weight and diabetes, as well as those with dia-

besity, followed by those with central obesity. Interestingly, the risk in

the diabesity category increased as long as the landmark periods were

included [HR2years diabesity: 2.31 (95% CI: 2.19-2.44); p < .001; HR5years

diabesity: 2.44 (95% CI: 2.30-2.59); p < .001; HR10years diabesity: 2.59

(95% CI: 2.41-2.80); p < .001] (Table S2).

4 | DISCUSSION

Using data from the Mexico City Prospective Study, which is one of

the largest and longest cohort studies in Latin America, we identified

that diabetes was the main driver of all-cause and CVD mortality in all

categories investigated. A previous Mexican study showed that rates

of death were strongly associated with increased diabetes.21 Interest-

ingly, in the no-landmark analysis, individuals with normal weight and

diabetes, as well as overweight individuals, showed the highest

and lowest all-cause mortality risk, respectively. This may be associ-

ated with the obesity paradox effect, which has a critical role in the

incidence of a disease but a protective effect on those with a severe

condition.22,23 Yet, the mechanism behind this association remains

unknown. On the other hand, when the different landmark analyses

were applied, individuals classified in the diabesity category had the

highest overall mortality risk. Even if similar trends were identified

when the waist circumference was used as an obesity criterion, no

obesity paradox effect was observed in any of the models

4 PETERMANN-ROCHA ET AL.
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TABLE 1 Baseline characteristics of the included population by the diabesity categories.

Variables Overall Normal

Normal weight

diabetic

Overweight no

diabetes Prediabesity Obesity Diabesity

n (%) 154 128 (100) 26 467 (17.2) 4350 (2.8) 57 730 (37.5) 8635 (5.6) 49 334 (32.0) 7612 (4.9)

Age, years; mean (SD) 52.3 (13.0) 51.8 (14.8) 61.3 (12.2) 51.0 (12.9) 59.8 (11.5) 51.0 (11.8) 57.7 (11.0)

Sex, women; n (%) 103 550 (67.2) 16 348 (61.8) 2351 (58.2) 36 231 (62.8) 5378 (62.3) 37 136 (75.3) 5926 (77.8)

Marital status, n (%)

Single 13 706 (8.9) 3339 (12.6) 294 (6.8) 5027 (8.7) 478 (5.5) 4067 (8.2) 501 (6.5)

Divorced/separated 10 829 (7.0) 2105 (8.0) 272 (6.2) 4022 (7.0) 493 (5.7) 3411 (6.9) 526 (6.9)

Living with a

partner/married

110 492 (71.7) 17 756 (67.1) 2814 (64.7) 42 764 (74.1) 6008 (69.6) 36 046 (73.1) 5104 (67.1)

Widowed 19 101 (12.4) 3267 (12.3) 970 (22.3) 5917 (10.2) 1656 (19.2) 5810 (11.8) 1481 (19.5)

Occupation, n (%)

Worker 65 498 (42.5) 12 742 (48.1) 1264 (29.1) 27 346 (47.4) 2772 (32.1) 19 226 (39.0) 2148 (28.2)

Student 106 (0.1) 47 (0.2) 1 (0.1) 34 (0.1) 1 (0.1) 23 (0.1) 0

Housework 72 174 (46.8) 10 349 (39.1) 2099 (48.2) 24 325 (42.1) 4327 (50.1) 26 446 (53.6) 4628 (60.8)

Retired 11 066 (7.2) 2094 (7.9) 616 (14.1) 4107 (7.1) 1046 (12.1) 2572 (5.2) 631 (8.3)

Unemployed 5284 (3.4) 1235 (4.7) 370 (8.5) 1918 (3.3) 489 (5.6) 1067 (2.1) 205 (2.7)

Education level, n (%)

None 20 046 (13.0) 3241 (12.2) 979 (22.5) 6094 (10.6) 1800 (20.8) 6412 (13.0) 1520 (20.0)

Some elementary 72 460 (47.0) 10 039 (37.9) 2369 (54.5) 25 529 (44.2) 4867 (56.4) 25 197 (51.1) 4459 (58.6)

Some high school 37 701 (24.5) 7216 (27.3) 637 (14.6) 15 553 (27.0) 1304 (15.1) 11 871 (24.1) 1120 (14.7)

Some college 10 000 (6.5) 2274 (8.6) 140 (3.2) 4412 (7.6) 271 (3.1) 2697 (5.4) 206 (2.7)

Some university 13 921 (9.0) 3697 (14.0) 225 (5.2) 6142 (10.6) 393 (4.6) 3157 (6.4) 307 (4.0)

Prevalent morbidity

(≥1), n (%)

56 660 (36.8) 5404 (20.4) 4350 (100) 14 201 (24.6) 8635 (100) 16 458 (33.4) 7612 (100)

Sleep (7-9 h/day), n

(%)

104 027 (67.5) 17 738 (67.0) 2708 (62.2) 39 274 (68.0) 5512 (63.8) 33 923 (68.8) 4872 (64.0)

Number of days F&V are eaten, n (%)

Never 26 044 (16.9) 4349 (16.4) 668 (15.4) 9679 (16.7) 1290 (14.9) 8833 (17.9) 1225 (16.1)

1-2 days/week 42 925 (27.8) 7072 (26.7) 1022 (23.5) 16 368 (28.4) 2150 (2.9) 14 359 (29.1) 1954 (25.7)

3-4 days/week 83 527 (54.2) 14 685 (55.5) 2617 (60.2) 31 104 (53.9) 5121 (59.3) 25 642 (52.0) 4368 (57.2)

≥5 days/week 1632 (1.1) 361 (1.4) 43 (0.9) 579 (1.0) 74 (0.9) 500 (1.0) 75 (1.0)

Smoking, n (%)

Never 75 321 (48.9) 11 819 (44.7) 2075 (47.7) 27 023 (46.8) 4307 (49.9) 25 920 (52.5) 4177 (54.9)

Former, quit

>3 years ago

30 665 (19.9) 4896 (18.5) 1007 (23.2) 11 538 (20.0) 2122 (24.6) 9374 (19.0) 1728 (22.7)

Current but not

daily

16 957 (11.0) 2627 (9.9) 360 (8.3) 6898 (12.0) 709 (8.2) 5726 (11.6) 637 (8.4)

Daily, <10

cigarettes/day

21 366 (13.9) 4499 (17.0) 596 (13.7) 8485 (14.7) 1012 (11.7) 6011 (12.2) 763 (10.0)

Daily, ≥10

cigarettes/day

9819 (6.3) 2626 (9.9) 312 (7.1) 3786 (6.5) 485 (5.6) 2303 (4.7) 307 (4.0)

Alcohol intake, n (%)

Never 30 583 (19.8) 5150 (19.5) 972 (22.3) 10 369 (18.0) 1913 (22.2) 10 223 (20.7) 1956 (25.7)

Former use 21 541 (14.0) 3491 (13.2) 976 (22.4) 7439 (12.9) 1809 (21.0) 6312 (12.8) 1514 (19.9)

Up to 3 times/

month

92 250 (59.9) 15 459 (58.4) 2140 (49.2) 35 757 (61.9) 4473 (51.8) 30 476 (61.8) 3945 (51.8)

Up to 2 times/week 6975 (4.5) 1552 (5.9) 155 (3.6) 3050 (5.3) 312 (3.6) 1760 (3.6) 146 (1.9)

≥3 times/week 2779 (1.8) 815 (3.0) 107 (2.5) 1115 (1.9) 128 (1.4) 563 (1.1) 51 (0.7)

(Continues)
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investigated, and, once again, people classified in the diabesity cate-

gory had one of the highest all-cause and CVD mortality risk.

The individual association of obesity and diabetes with all-

cause13,14 and CVD mortality15 has been widely investigated in differ-

ent populations across the globe. Nonetheless, very few prospective

studies have explored their joint association with the occurrence of

CVD and all-cause mortality over a long study period and in a large

database. Over 11.25 years of follow-up of 5432 Iranians, diabesity

(defined either using BMI or waist circumference) was associated with

a higher incident CVD risk but not with CVD or all-cause mortality.16

In Mexico, only one previous study in older adults explored this com-

bination but focused mainly on cognitive impairment and mortality

alone.7 Using data from 7885 participants from the Mexican Health

and Aging Study, Milani et al.7 identified that diabesity was associated

with a 1.70 higher risk of cognitive impairment relative risk: 1.70 (95%

CI: 1.168-2.48) while for mortality, only diabetes was associated with

a higher mortality risk. Even if the study by Milani et al.7 also

highlighted the superior role of diabetes in mortality compared with

obesity, the study was conducted in a smaller population, without

considering time to follow-up as a dependent variable and including

only older adults, and, as we previously highlighted, <65-year-old indi-

viduals with diabesity are at higher risk of an adverse outcome.7

As it has just been underlined, the magnitude of associations

identified in this study was stronger for both outcomes in individuals

<65 years. A previous study also identified that younger people who

had diabetes were more susceptible to higher all-cause and CVD mor-

tality risk, probably because of the extra years with an excess risk of

complications compared with people diagnosed at an advanced age.24

Regarding sex, women showed stronger associations for all-cause

mortality, while men for CVD mortality. This result is not surprising

F IGURE 1 Associations between diabesity categories and all-cause and CVD mortality were investigated using Cox proportional hazard
models. Individuals in the normal category were used as the referent. Model 1 was adjusted for sociodemographic characteristics (age, sex, marital
status, occupation and educational level); model 2 was additionally adjusted for morbidity count; and model 3, additionally included lifestyle
factors (physical activity, smoking, alcohol intake, sleep categories, and fruit and vegetable intake). In addition, further analyses were performed
including three landmark periods in model 3. In these analyses, individuals who died during the first 2, 5 and 10 years of follow-up were removed
from the analyses. ***p < .001; *p < .05. CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio.

TABLE 1 (Continued)

Variables Overall Normal

Normal weight

diabetic

Overweight no

diabetes Prediabesity Obesity Diabesity

Physical activity, n (%)

None 119 705 (77.7) 19 451 (73.5) 3455 (79.4) 43 153 (74.8) 6672 (77.3) 40 750 (82.6) 6224 (81.8)

Up to 2 times/week 11 934 (7.7) 2389 (9.0) 253 (5.8) 5266 (9.1) 585 (6.7) 3034 (6.2) 407 (5.3)

≥3 times/week 22 489 (14.6) 4627 (17.5) 642 (14.8) 9311 (16.1) 1378 (16.0) 5550 (11.2) 981 (12.9)

Note: Descriptive characteristics by the obesity and diabetes categories are presented as means (SD) for quantitative variables and as frequencies and

percentages for categorical variables.

Abbreviations: F&V, fruit and vegetable; n, number; SD, standard deviation.
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considering that previous studies have suggested sex differences in

mortality rates associated with diabetes.25,26 A systematic review and

meta-analysis, which included 86 prospective cohorts,25 highlighted

that diabetes may be a stronger risk factor for CVD and all-cause mor-

tality in women than men. Genetic and biological factors, as well as

cultural and environmental conditions, may partially explain these

differences.

Insulin resistance is postulated as the key element linking meta-

bolic and CV alterations.27 Preclinical, clinical and epidemiological

studies have elucidated the relationship between obesity and insulin

resistance and associated consequences such as diabetes and CVD.28

It is suggested that elevated adipose deposits increase concentrations

of free fatty acids. This increase is conditioned by insulin resistance,

which contributes to excess circulating free fatty acids and ectopic

lipid accumulation by not inhibiting hepatic lipogenesis. These pro-

cesses elevate diacylglycerol and ceramide concentrations, reducing

the insulin response, deregulating the leptin response, decreasing sati-

ety, reducing adiponectin secretion, desensitizing the insulin receptor.

These effects decrease the lipid-dependent metabolic rate and pro-

mote the release of proinflammatory cytokines by adipose tissue mac-

rophages.29 These cytokines induce mitochondrial dysfunction in

muscle and adipose tissue, disrupting energy production and generat-

ing reactive oxygen species. This, in turn, further increases insulin

desensitization through insulin receptor substrate phosphorylation,

creating a vicious cycle between obesity, proinflammatory and oxida-

tive stress, mitochondrial dysfunction, and systemic insulin resis-

tance.29 Furthermore, insulin resistance is associated with decreased

nitric oxide production, affecting vascular contraction. These mecha-

nisms position dysfunction in adipose tissue and associated macro-

phages as a crucial factor in systemic chronic inflammation, triggering

damage in various organs and tissues. These metabolic, energetic,

inflammatory and oxidative alterations in muscles and endothelia lead

to CV dysfunction.29 Western dietary patterns, characterized by

excessive calorie intake with high concentrations of fats and carbohy-

drates, can trigger proinflammatory and oxidative stress and, there-

fore, predispose to the aforementioned scenario.27

The present study has important implications for policy and prac-

tice in Mexico. Given that the group of normal-weight individuals with

diabetes is often associated with the highest risk of mortality, the pre-

sent study suggests that the main determinant of mortality is not adi-

posity but diabetes. Metabolic alterations linked to insulin resistance

and decreased muscle mass probably play a crucial role. For instance,

Boonpor et al. have recently described this phenomenon in a prospec-

tive cohort that identified an increased risk of developing CVD in indi-

viduals with diabetes and sarcopenia.30 Moreover, both in obesity and

diabetes, dietary choices and lifestyles play a decisive role. In this con-

text, the role of public policies becomes fundamentally important.8

Since 2006, there have been increases in the prevalence of diabetes,

hypertension and dyslipidaemia in Mexico, probably associated with

the rise in obesity, poor-quality diet consumption and population

aging.31 The ENSANUTs do not report the prevalence of diabetes and

other non-communicable diseases in individuals under 18 years; how-

ever, a Mexican study on schoolchildren and adolescents indicated

the onset of diabetes at the early age of 11.17 years.32 This scenario,

which was characterized by high prevalences of overweight and obe-

sity, is distressing in terms of quality of life, healthy life years, early

mortality, impairment of the productive activity of the economically

active population affected by illness, as well as the costs incurred by

health care systems in the country.33

Our research question was investigated in a single, large, and

well-characterized general population cohort. The analyses were

adjusted for a comprehensive set of covariates. Also, we could assess

whether the associations were consistent across population sub-

groups. A major driver of potential information bias, knowledge of dis-

ease status, was obviated entirely by ascertaining outcomes from

routine administrative databases. However, this study also has limita-

tions. First, although we included those confounding factors that were

considered relevant and for which we had data, residual confounding

because of unknown or unmeasured confounders is possible. Second,

fruit and vegetables were used as a proxy of diet quality since no

other diet variables in the cohort were available. Moreover, self-

reported fruits and vegetables are subject to recall and misclassifica-

tion bias and may change over time. Third, diabetes was self-reported

at baseline. Even if previous studies have identified a high level of

agreement between self-reported diabetes and medical records,34

disease-differential recall or misclassification bias may exist. We tried

to minimize potential reverse causation by including three landmark

periods in our analyses (2, 5 and 10 years). Fourth, associations

observed in an observational study cannot be assumed to infer causal-

ity. Finally, the Mexico City Prospective Study does not represent the

Mexican population. Therefore, while risk estimates can be general-

ized, summary statistics such as prevalence and incidence should

not be.

In conclusion, this large prospective study identified that diabetes

was the main driver of all-cause and CVD mortality in all the catego-

ries studied, with diabesity being the riskiest, even after adjusting for

a broad group of confounders, including different landmark periods

and using waist circumference as a measure of obesity. Given the high

prevalence of both conditions in Mexico, our results highlight the rele-

vance of preventing both obesity and diabetes, particularly in younger

ages, to decrease the risk of early mortality.
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