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Worldwide, there have already been about 20 million ex-

cess deaths during the coronavirus disease 2019 (COVID-

19) pandemic (based on a recent estimate of 18 million

during 2020–21), but only 6 million deaths have been indi-

vidually attributed to COVID-19, suggesting 3-fold under-

attribution.1,2 In Mexico the excess number of deaths

during 2020–21 has been estimated as 0.8 million, but

only 0.3 million deaths have been individually attributed

to COVID-19, again suggesting substantial under-

attribution. Within Mexico City, however, the attribution

of causes of death may well have been much more reliable.

Obesity and obesity-related diseases are major risk factors

for COVID-19 mortality. In the UK, where the Office for

National Statistics registration of COVID-19 deaths has

been reasonably accurate since May 2020, a study of 7

million adults reported that each 5-kg/m2 higher body mass

index (BMI) above 23 kg/m2 was associated with a 28%

higher risk of death from COVID-19, but the association

appeared to be ‘J-shaped’.3 In Mexico, where the prevalences

of overweight and obesity are among the highest in the

world,4 a study of 50 000 adults attending hospital, who

tested positive for SARS-Cov-2 using polymerase chain reac-

tion, found that self-reported obesity (yes versus no) was

associated with a 31% higher case-fatality rate; but the study

did not have data on BMI and so could not assess the shape

of the association of BMI with case-fatality.5 Using the

Mexico City Prospective Study (MCPS) of adult mortality in

the general population, we report the association between

BMI and COVID-19 mortality throughout the full range

from normal weight to morbidly obese, comparing this with

similar analyses of mortality from all other causes combined.

The MCPS recruited 150 000 adults in 1998–2004, meas-

ured BMI and other factors and followed participants

through the death registry for cause-specific mortality.6

Death registration in Mexico City is reliable, with almost all

adult deaths certified medically.7 Deaths due to COVID-19

were defined as those with an International Classification of

Diseases 10th revision (ICD-10) underlying cause U07.1 or

U07.2. Among survivors aged <90 years on 1 January 2020,

we used Cox regression to relate baseline BMI (which corre-

lates strongly with BMI many years later8) to 2020 COVID-

19 mortality. Associations with BMI were estimated across

six categories (from normal to morbidly obese, excluding par-

ticipants with BMI outside the range 18.5–60 kg/m2),

adjusted for age, sex, residential district and highest educa-

tional level. (The few participants with missing data for BMI

or any confounder were excluded.) Effects per 5-kg/m2 higher

BMI were also reported, overall, by sex and by age (<70 vs

�70 years on 1 January 2020). Analyses used SAS version 9.4

(SAS Institute) and R version 3.1.1 [www.r-project.org/].

Data were accurate as of May 2022.

Among the 122 022 participants (37 720 men and 84 302

women) alive on 1 January 2020 [mean age 67 (SD 10) years,

65% under age 70], BMI at baseline was 28.1 (SD 4.0) kg/

m2 in men and 29.6 (5.1) kg/m2 in women; 28% of men and

42% of women had a BMI >30 kg/m2 (Table 1). University

or college education was more common in younger than

older individuals and more common in men than women.

During 2020, 678 died from COVID-19 and 1572 from

other underlying causes. BMI was positively (and approxi-

mately log-linearly) associated with COVID-19 mortality,

with no evidence of any threshold level below which lower
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BMI was not associated with lower risk (Figure 1). In the

lowest BMI category, COVID-19 mortality among partici-

pants with BMI 22.5–25 kg/m2 (mean 24 kg/m2) was nearly

twice that among those with BMI 18.5–22.5 kg/m2 (mean

21 kg/m2): mortality rate ratio (RR) 1.89, but with 95% con-

fidence interval (CI) 1.01–3.53. Across the whole range, each

5-kg/m2 higher BMI was associated with 42% higher

COVID-19 mortality (RR 1.42 per 5-kg/m2, 1.32–1.52).

Comparing the top and bottom categories (BMI �40 versus

<25 kg/m2, with means 43 kg/m2 and 23 kg/m2, respectively),

there was about a 4-fold difference in COVID-19 mortality

(RR 4.47, 2.98–6.70). The association was stronger in

younger than older adults (RR per 5-kg/m2 higher BMI 1.61,

1.47–1.76, if age <70 years on 1 January 2020 versus 1.18,

1.05–1.32, if older) but, at any given age, was comparable in

men and women. BMI was also strongly predictive of mortal-

ity from the aggregate of all other causes, with each 5-kg/m2

higher BMI associated with 32% higher mortality (RR 1.32,

1.26–1.39). In a sensitivity analysis restricted to the 348

deaths with an ICD-10 code of U07.1 (i.e. COVID-19 where

the virus was confirmed by laboratory testing) the RR per

5 kg/m2 higher BMI was 1.36 (1.22–1.50).

Table 1 Characteristics of 122 022 individuals from the Mexico City Prospective Study aged <90 years on 1 January 2020

Men Women

<70 years

(n¼23 786)

�70 years

(n¼13 934)

<70 years

(n¼55 387)

�70 years

(n¼28 915)

Age, years 61 (5) 78 (6) 61 (5) 78 (6)

Resident of Coyoacán 10 040 (42%) 6824 (49%) 20 021 (36%) 12 782 (44%)

University or college educated 8212 (35%) 2317 (17%) 9535 (17%) 1676 (6%)

Body mass index (kg/m2) at original study recruitment (1998–2004)

Mean (SD) 28.1 (4.1) 28.1 (3.9) 29.4 (5.1) 30.0 (5.0)

�18.5 to <25 5191 (22%) 3000 (22%) 10 345 (19%) 4278 (15%)

�25 to <30 11 783 (50%) 7026 (50%) 22 937 (41%) 11 344 (39%)

�30 6812 (29%) 3908 (28%) 22 105 (40%) 13 293 (46%)

Numbers shown are mean (standard deviation) or n (%).
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Age Deaths/
Participants

RR (95% CI) per 5 kg/m2

higher BMI

COVID−19 death RR per 5 kg/m2

higher BMI, 95% CI

<70 years
Men 175 / 23786 1.59 (1.38−1.84)

Women 186 / 55387 1.62 (1.44−1.81)

Both 361 / 79173 1.61 (1.47−1.76)

70+ years
Men 165 / 13934 1.26 (1.05−1.51)

Women 152 / 28915 1.12 (0.96−1.30)

Both 317 / 42849 1.18 (1.05−1.32)

Figure 1 Body mass index versus risk of death from COVID-19. In the left panel, estimates are adjusted for age, sex, education and district and in the

right panel, the age- and sex-stratified results are adjusted for age, education and district. The areas of the squares are proportional to the amount of

statistical information and the lines through them are the 95% confidence intervals. The numbers above each vertical line in the left panel show the

death rate ratio for that group and the numbers below each vertical line give the number of COVID�19 deaths in that group. In the right panel, the dia-

monds are the information-weighted averages of the two results above them. BMI, body mass index; CI, confidence interval; RR, mortality rate ratio
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Overweight (BMI 25–30 kg/m2) and obesity (BMI

�30 kg/m2) affect more than one-third of the global adult

population.9 Our findings highlight the importance of

overweight in addition to obesity as a major modifiable

risk factor for death from COVID-19. However, even dur-

ing 2020 other causes of death accounted for more than

twice as many deaths as COVID-19, so the absolute associ-

ation of BMI with mortality was greater for the aggregate

of those other causes than for COVID-19. Considering not

only the pandemic but also other years, these other causes

are the main way obesity reduces life expectancy. In add-

ition, as overweight is much more common than morbid

obesity, its population effects are more important.
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