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A B S T R A C T   

Evidence shows that chronic diseases are associated with COVID-19 severity and death. This study aims to estimate the fraction of hospitalizations and deaths from 
COVID-19 attributable to chronic diseases associated to poor nutrition and smoking among adults who tested positive to COVID-19 in Mexico. 

We analyzed 1,006,541 adults aged ≥20 who tested positive for COVID-19 from March 23 to December 5, 2020. Six chronic diseases were considered: obesity, 
chronic obstructive pulmonary disease (COPD), hypertension, diabetes, cardiovascular disease, and chronic kidney disease (CKD). We calibrated the database using a 
bias quantification method to consider undiagnosed disease cases. To estimate the total impact of multiple diseases, we defined a multimorbidity variable according 
to the number of diseases. Risks of hospitalization and death were estimated with Poisson regression models and used to calculate population attributable fractions 
(PAFs). 

Chronic diseases accounted for to 25.4% [95% CI: 24.8%–26.1%], 28.3% (95% CI: 27.8%–28.7%) and 15.3% (95% CI: 14.9%–15.7%) of the hospitalizations 
among adults below 40, 40–59, and 60 years and older, respectively. For COVID-19-related deaths, 50.1% (95% CI: 48.6%–51.5%), 40.5% (95% CI: 39.7%–41.3%), 
and 18.7% (95% CI, 18.0%–19.5%) were attributable to chronic diseases in adults under 40, 40–59, and 60 years and older, respectively. 

Chronic diseases linked to poor nutrition and smoking could have contributed to a large burden of hospitalization and deaths from COVID-19 in Mexico, 
particularly among younger adults. Medical and structural interventions to curb chronic disease incidence and facilitate disease control are urgently needed.   

1. Introduction 

Chronic diseases have been associated with COVID-19 severity and 
death. Meta-analytical evidence shows that people with chronic 
obstructive pulmonary disease, diabetes mellitus, hypertension and 
cardiovascular disease experience a higher risk of developing severe 
COVID-19 (Mudatsir et al., 2020). Similarly, obesity, diabetes mellitus, 
hypertension, and cardiovascular disease have been associated with an 
increased risk of death (Noor and Islam, 2020). Yet, the population 
fraction of COVID-19 cases and complications attributable to chronic 
diseases remains understudied. Estimating the fraction of COVID-19 
deaths attributable to chronic diseases could help to inform the het
erogeneity in fatality rates observed across countries and to estimate the 
burden of disease potentially attributable to chronic diseases (Ioannidis, 
2021; Zapata-Diomedi et al., 2018). In Mexico, prior population 

attributable fraction (PAF) estimates have shown that 1.1%, 14.3% and 
16.8% of deaths from COVID-19 were attributable to diabetes, hyper
tension, and obesity, respectively among ambulatory patients (Peña 
et al., 2020). Estimating PAFs for different risk factors is informative, yet 
insufficient to capture the total burden of multiple chronic diseases 
(Rowe et al., 2004). 

Few studies have estimated the impact of multiple chronic diseases 
or multimorbidity on COVID-19 (Lai et al., 2020; Hamer et al., 2020; 
Adams et al., 2020). Estimating the PAF for chronic diseases is chal
lenging, as the PAF for each disease cannot be simply added, given their 
potential overlap (Rowe et al., 2004). A second challenge is misclassi
fication bias, considering that a large proportion of the population who 
suffer chronic conditions may not have been diagnosed. For example, in 
Mexico 40% of the people with hypertension are unaware of their 
condition (Campos-Nonato et al., 2016). Most studies rely on self- 
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reported disease diagnosis, misclassifying a large proportion of the 
population. To our knowledge, no study has attempted to estimate the 
impact of this bias on COVID-19 attributable fractions. 

We aimed to estimate the fraction of hospitalizations and deaths 
from COVID-19 potentially attributable to chronic diseases associated 
with poor nutrition and smoking among patients positive to COVID-19 
in Mexico considering obesity, chronic obstructive pulmonary disease 
(COPD), hypertension, diabetes, cardiovascular disease, and chronic 
kidney disease (CKD). These diseases were selected given their preva
lence and the wide range of interventions available to reduce their 
impact through public policy or individual-level interventions (Secre
taría de Salud, 2018; World Heart Federation, n.d.; Tamayo y Orozco 
and Lastiri Quirós, 2016; Instituto Nacional de Enfermedades Respira
torias, 2017). We also implemented bias quantification methods to 
consider the impact of misclassification induced by self-reported data. 

2. Methods 

Data was obtained from the publicly available COVID-19 national 
registry provided by the Health Ministry of Mexico (dataset Secretaría 
de Salud, 2020). The surveillance system contains information on all 
suspected cases of COVID-19, people with at least one major symptom 
(cough, fever, dyspnea, or headache) and one minor symptom (myalgia, 
arthralgia, odynophagia, chills, chest pain, rhinorrhea, anosmia, dys
geusia, conjunctivitis) (Comité Nacional para la Vigilancia Epi
demiológica (CONAVE), 2020). The registry is based on the national 
hospital and sentinel surveillance systems, detailed elsewhere (Secre
taría de Salud, 2020a). Briefly, all patients with a diagnosis of a severe 
acute respiratory infection are hospitalized and submitted to testing 
using reverse transcription polymerase chain reaction (PCR). For 
ambulatory patients, only a varying random sample of a minimum of 
10% is tested by PCR analysis. PCR results and deaths are updated with 
varying time delays. Data available includes all clinical and epidemio
logical information obtained at the time of registry. 

2.1. Data processing 

For this analysis, we included individuals with a positive test for 
COVID-19 registered in the surveillance system during the community 
transmission phase of the pandemic (started March 23rd, with last up
date December 7th, 2020), with a sample size of 1,121,541subjects. We 
used December as the cut-off date to consider a period before vaccina
tion in Mexico, which began on December 24th (Secretaría de Salud, 
2020b), since vaccination is expected to change hospitalization and 
death risks. Subjects with missing values in obesity, hypertension, dia
betes, COPD, cardiovascular disease, and CKD were excluded (n =
4619). We excluded subjects under 20 years (n = 47,831) because 
multimorbidity in that age group is rare. Still, we performed a sensitivity 
analysis in adolescents 12 to 19 years (Table A.7 in the appendix). We 
excluded patients registered fifteen days before the cut-off date (n =
48,852) to avoid death censoring. Finally, we excluded subjects that 
reported implausible delay times in seeking medical attention (n =
13,698): reported 0 days from symptom onset to healthcare admission 
but were admitted with a serious condition (death, pneumonia, or 
intensive care unit). The final sample presented 1,006,541 adults who 
tested positive for COVID-19 from March 23rd to November 24th, 2020. 
Supplementary Fig. A1 in the appendix shows a flowchart summarizing 
the exclusions considered. 

2.2. Main outcomes 

Two outcomes were defined: 1) hospitalization, refers to a COVID-19 
case that required inpatient care; 2) death/fatality, defined as the death 
of a person who tested positive to COVID-19, as recorded in the data
base. Note that the “death” outcome is related to the case fatality rate 
since it is defined among diagnosed cases. 

2.3. Dependent variable 

Six diseases associated with poor nutrition or smoking were 
considered: obesity, COPD, hypertension, diabetes, cardiovascular dis
ease, and CKD. Information was self-reported, obtained by the medical 
unit’s epidemiologist when the person first sought medical attention. An 
individual could have more than one disease, which could lead to 
double-counting of preventable cases if fractions of each disease are 
simply added (Rowe et al., 2004). To estimate the overall burden of 
chronic diseases, we defined multimorbidity as the number of chronic 
diseases in four independent categories: no diseases, one disease, two 
diseases, or three or more diseases. 

2.3.1. Quantitative bias analysis 
Since chronic disease information was self-reported, we conducted a 

quantitative bias analysis for diabetes and hypertension to consider 
undiagnosed cases. We limited the analysis to these two diseases 
because, except for obesity, are the most prevalent chronic diseases in 
Mexico, and where data was available for bias quantification. We had 
data to adjust obesity prevalence, but as obesity is reversible, the 
adjustment would not be appropriate. First, we estimated the proportion 
of undiagnosed cases by age group for diabetes and hypertension by 
comparing the 2016 National Health and Nutrition Survey (ENSANUT- 
2016) self-reported data against a gold standard (HbA1c and fasting 
blood glucose for diabetes, and systolic and diastolic blood pressure for 
hypertension) (Romero-Martínez et al., 2017). The question used to 
assess self-reported diagnosis of diabetes or hypertension in ENSANUT- 
2016 was similar to the question used in the COVID-19 case-assessment 
format: “Has a doctor ever diagnosed you with [name of chronic dis
ease]?”. Sensibilities from ENSANUT-2016 are summarized in Table A.1 
in the appendix. We assumed a specificity of 100% for all diseases, 
because the effect of treatment could affect HbA1c or BP; thus, no means 
to validate a positive answer exist. 

The adjusted prevalence of diabetes/hypertension by age groups was 
estimated with Rogan and Gladen’s formula (Rogan and Gladen, 1978) 
(see the appendix for more details). Table A.2 in the appendix presents 
the prevalence of diabetes and hypertension before and after applying 
the adjustment formula. We used a sample balancing method “raking” to 
replicate the adjusted prevalence of diabetes and hypertension. Raking 
is a statistical method that adjusts a set of data so that its marginal (not 
adjusted) totals match control (adjusted) totals (Battaglia et al., 2009), 
which is a simpler way to estimate risk ratios and attributable fractions 
compared to prior methods of misclassification analysis (Lash et al., 
2009). Raking was performed using the “survey” package on R Statis
tical Software (Lumley, 2004; Lumley, 2019; R Core Team. R: A, 2019) 
after eliminating missing data for diabetes, obesity and hypertension, 
and subjects under 20 years but before any other exclusions. 

2.4. Covariates 

Covariates included age (years), sex (male/female), state of resi
dence (Mexico City as reference), cases recorded by type of epidemio
logical surveillance system (sentinel/no sentinel, given the differences 
in COVID-19 testing procedures), health system and delay in seeking 
medical attention. The health system was divided into five categories: 1) 
Mexican Institute of Social Security (IMSS)which provides care for 
formal workers, 2) Institute of Security and Social Services for State 
Workers (ISSSTE) that cares for State-affiliated employees, 3) private 
healthcare, 4) Health Secretary (SSA) and IMSS bienestar that provide 
care for the uninsured population, and 5) Other health systems such as 
the Red Cross, National System for the Integral Development of the 
Family, Mexican Petroleum’s Health Services, National Defense Secre
tary, Marine Secretary, and University-based systems; under this label, 
we also included individuals with missing data (n = 10). Finally, we 
included delay in seeking medical attention (days) to capture the delay 
in receiving medical attention since the beginning of symptoms. 
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2.5. Statistical analysis 

2.5.1. Risk estimation 
We estimated the risk of hospitalization and death among patients 

positive to COVID-19 using Poisson regression models with robust 
standard errors. We adjusted each model for the main confounders: age, 
sex, state of residence (Mexico City as reference), type of surveillance 
system (sentinel/hospital), health system and delay in seeking medical 
attention. Survey weights were considered in Stata 14.0 to adjust for 
misclassification bias due to undiagnosed cases of diabetes and hyper
tension (College Station, TX) (StataCorp, 2015). 

2.5.2. Estimation of the population attributable fraction 
We assigned the estimated risks of death/hospitalization to the in

dividuals in the sample, according to the number of diseases they had. 
Then, we estimated the proportion of hospitalizations and deaths 
potentially attributable to chronic diseases as follows (Taguri et al., 
2012; Zepeda-Tello and Camacho-Garcia, 2017): 

PAF = 1 −
∑n

i=1wi
∑n

i=1wiRRi
(3)  

where wi and RRi denote the sampling weight and the relative risk of 
death/hospitalization of the i-th individual in the sample. PAFs 
compared the observed risks scenario to a counterfactual scenario where 
all individuals in the sample had zero diseases (relative risk = 1.0). 

2.6. Sensitivity analyses 

Four sensitivity analyses were performed. The first one aimed to 
assess the impact of misclassification bias by comparing our main sce
nario to a scenario where diabetes and hypertension were not adjusted 
for lack of diagnosis as informed by the National Health and Nutrition 
Survey. The second aimed to assess the impact of varying the number of 
diseases included in the multimorbidity variable: 1) three diseases: 
obesity, hypertension and diabetes; 2) nine diseases: obesity, COPD, 
hypertension, diabetes, cardiovascular disease, CKD, asthma, immuno
deficiency, and other comorbidities. The third aimed to estimate the 
individual burden of each of the six diseases considered in the main 
analysis, and the fourth to estimate the burden of the six chronic diseases 
stratifying by inpatients and outpatients. 

3. Results 

Demographic and health-related characteristics of the population are 
presented in Table A.3 in the appendix. Obesity, hypertension, and 
diabetes were the most prevalent chronic diseases in all age groups. 
Individuals with no chronic diseases decreased from 76.2% among 
20–39 years, to 46.5% among 40–59 and to 18% among 60 or older. In 
contrast, individuals with three or more diseases increased with age: 
from 1.3% among 20–39 years to 17.8% among 60 years and older. 

Table 1 presents the risk of hospitalization and death among in
dividuals by multimorbidity category and age group. Adults under 40 
years with three or more diseases presented 5.1 times the risk of hos
pitalization (95% CI: 4.8–5.4) and 15.2 times the risk of death (95% CI: 
13.5–17.2) experienced by disease-free individuals of the same age 
group. Adults aged 40–59 with three or more diseases compared to in
dividuals from the same age group with no diseases presented 2.3 times 
the risk of hospitalization (95% CI: 2.3–2.4), and 3.7 times the risk of 
death (95% CI: 3.6–3.8). Adults aged 60 or older with three or more 
diseases presented 1.36 times the hospitalization risk (95% CI: 1.3–1.4), 
and 1.5 times the risk of death (95% CI: 1.47–1.54) of disease-free in
dividuals from the same age group. 

Fig. 1 shows the fraction of hospitalizations and deaths from COVID- 
19 potentially attributable to chronic diseases. Hospitalizations and 
deaths attributable to chronic diseases were higher in younger than 

older adults. In adults under 40 years, 25.4% of hospitalizations (95% 
CI: 24.8%–26.1%), and 50.1% of deaths (95% CI: 48.6%–51.5%) could 
have been avoided by preventing the six diseases associated with poor 
nutrition and smoking. In adults aged 40–59, chronic diseases contrib
uted to 28.3% of hospitalizations (95% CI: 27.8%–28.7%) and 40.5% of 
deaths (95% CI: 39.7%–41.3%), while for adults 60 and older, 15.3% of 
hospitalizations (95% CI: 14.9%–15.7%) and 18.7% of deaths (95% CI: 
18.0%–19.5%) could have been avoided. 

Table 2 describes the sensitivity analyses conducted to understand 
the uncertainty around our estimates. Estimates calculated without 
adjusting for misclassification bias in diabetes and hypertension were 
smaller than our main scenario. Across all age groups and considering 
the six chronic diseases, 27.5% of all hospitalizations and 35.7% of all 
deaths could have been attributable to chronic diseases; yet, these es
timates would have been 18.5% and 23.2% if unadjusted. The impact of 
misclassification adjustment was stronger for younger age groups. 
Varying our definition of multimorbidity, we observed that hospitali
zation and fatalities were largely explained by obesity, hypertension and 
diabetes: 26.0% of hospitalizations and 33.6% of deaths could have been 
prevented by preventing these three diseases; in contrast 27.5% and 

Table 1 
Risks of hospitalization and death among individuals with chronic diseases by 
age group.   

20–39 years 40–59 years ≥60 years Total adults  

IRRa (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) 

Hospitalization 
No disease REF REF REF REF 

1 disease 
1.97 (1.92, 
2.03) 

1.47 (1.45, 
1.49) 

1.12 (1.11, 
1.13) 

1.59 (1.57, 
1.60) 

2 diseases 
3.43 (3.30, 
3.57) 

1.90 (1.87, 
1.93) 

1.24 (1.23, 
1.26) 

1.95 (1.93, 
1.97) 

3 o more 
diseases 

5.12 (4.82, 
5.43) 

2.34 (2.3, 
2.39) 

1.36 (1.34, 
1.37) 

2.26 (2.23, 
2.29)  

Death 
No disease REF REF REF REF 

1 disease 
3.63 (3.39, 
3.88) 

1.73 (1.68, 
1.78) 

1.14 (1.12, 
1.16) 

1.82 (1.79, 
1.85) 

2 diseases 
8.39 (7.68, 
9.16) 

2.51 (2.44, 
2.59) 

1.29 (1.27, 
1.32) 

2.37 (2.32, 
2.41) 

3 o more 
diseases 

15.23 (13.53, 
17.15) 

3.71 (3.58, 
3.84) 

1.51 (1.47, 
1.54) 

3.03 (2.96, 
3.09)  

a IRR. Incidence Risk Ratio. IRRs were adjusted for age, sex, state of residence 
(Mexico City as reference), type of surveillance system (sentinel/hospital), 
health system (IMSS/ ISSSTE/ private, SSA and IMSS welfare, other health 
system) and delay in seeking medical attention. Diseases included: obesity, 
chronic obstructive pulmonary disease, hypertension, diabetes, cardiovascular 
disease, and chronic kidney disease. 

Fig. 1. Fraction of hospitalizations and deaths from COVID-19 attributable to 
chronic diseases associated with poor nutrition and smoking. 
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35.7% could have been averted by preventing all six diseases associated 
with poor nutrition and tobacco. When considering nine chronic dis
eases, the PAF slightly increased for hospitalization (all ages: from 
27.5% to 28.7%) and deaths (all ages: from 35.7% to 37.3%). Relative 
risk estimates for each scenario is presented in Table A.4 in the 
appendix. 

4. Discussion 

We aimed to estimate the proportion of hospitalizations and deaths 
from COVID-19 potentially attributable to chronic diseases. The six 
chronic diseases analyzed contributed to 28% of hospitalizations and 
36% of deaths from COVID-19 among Mexican adults. The burden of 
chronic diseases on COVID-19 was higher in younger than older adults: 
25% of hospitalizations and 50% of deaths could have been averted by 
preventing chronic diseases among adults aged 20–39 versus 15% of 
hospitalizations and 19% of deaths among adults 60 years or older. 

Several studies in Mexico have estimated higher odds of COVID-19 
severity or death in COVID-19 patients with chronic diseases (Denova- 
Gutiérrez et al., 2020; Hernández-Galdamez et al., 2020). A study in 

Mexico used a multimorbidity perspective to estimate the COVID-19 
fatality (Monterrubio-Flores et al., 2021). In line with our study, au
thors found a higher fatality risk associated with chronic diseases at 
younger ages. Adults aged 20–39 years with three chronic diseases 
presented a 16.1 (95% CI: 13.8, 18.7) times higher fatality risk, adults 
aged 40–59 years presented 4.2 (95% CI: 4.0, 4.4), and adults aged 
60–70 presented 1.6 (95% CI:1.6 1.7), compared to disease-free in
dividuals of the same age group. Their results were consistent with ours: 
15.2 (95% CI: 13.5, 17.15), 3.7 (95% CI: 3.6, 3.8) and 1.5 (95% CI: 1.5, 
1.5) for adults aged 20–39, 40–59 and ≥ 60, respectively. Another study 
in Mexico estimated that obesity mediates half of the diabetes effect in 
the risk of dying from COVID-19 (Bello-Chavolla et al., 2020). This study 
shows that diseases are not independent and highlights the need of using 
strategies to evaluate synergies between chronic diseases. 

In Mexico, one study estimated the PAF of chronic diseases on 
COVID-19 fatality using data from IMSS by November 2020 (Peña et al., 
2020). They estimated that 2% of deaths from COVID-19 were attrib
utable to diabetes, 7% to hypertension, and 8% to obesity among in
patients. This proportion changed to 1.1%, 14.3% and 16.8%, 
respectively, among outpatients. In a supplementary analysis, we esti
mated PAFs for each chronic disease without stratifying by inpatient/ 
outpatient, obtaining higher estimates in comparison to that study: 
12.8% of deaths were attributable to diabetes, 16.3% to hypertension, 
and 12.8% to obesity (Table A.5 in the appendix). Differences could be 
due to studying a longer period, adjusting for misclassification bias and 
including patients from all health systems, not only from IMSS. The 
small attributable fractions for CKD, cardiovascular and COPD could be 
explained by their small prevalence among positive cases. In another 
supplementary analysis, we estimated attributable fractions of chronic 
diseases among inpatients and outpatients (Table A.6 in the appendix). 
We found a higher proportion of deaths attributable to chronic diseases 
among outpatient (35.3%; 95% CI: 33.9–36.7) than inpatients (19.8%; 
95% CI: 19.0–20.6). Differences could be explained by an over
representation of individuals with chronic diseases among inpatients 
compared to outpatients: people with chronic diseases are more likely to 
be hospitalized, even with mild symptoms, leading to an underestima
tion of the risk (Griffith et al., 2020). Despite important differences in 
methods, both studies concur in the potential impact that chronic dis
eases have on COVID-19 fatality. 

The proportion of severe COVID-19 attributable to multimorbidity 
was studied in the UK, where 51% of severe COVID-19 cases were 
attributed to unhealthy behaviors (13% to smoking, 9% to physical 
inactivity, and 30% to overweight and obesity) (Hamer et al., 2020). In 
the US, this fraction was estimated in 36% (14% to smoking, 12% to 
physical activity, and 16% to diet) (Adams et al., 2020). In another US 
study, 63% of hospitalizations were attributable to the joint effects of 
diabetes, obesity, hypertension and heart failure. In our study, 27.5% of 
COVID-19 hospitalizations were attributable to six chronic diseases 
associated with smoking and poor nutrition. We considered different 
diseases and employed a multimorbidity approach to combine diseases 
and avoid double counting, which is likely the reason why our estimate 
is smaller. 

Latin America has been heavily affected by COVID-19 fatality in 
young adults. Developing countries show a different pattern of fatality 
rate in comparison with developed countries, where COVID-19 deaths 
among young adults are rare (Chauvin et al., 2020). We found that up to 
50% of COVID-19 fatalities were attributable to chronic diseases in 
younger adults, compared to 18.7% in adults 60 years of age and older. 
A recent study showed that the differential burden of deaths in young 
adults between developed and developing countries could be attribut
able to a lower recovery rate once infected, driven by chronic diseases 
and poorer healthcare access (Chauvin et al., 2020). We did not explore 
healthcare access in our analysis, and that could certainly contribute to a 
higher fatality rate. Future studies should explore other causes linked to 
increased fatality rates, such as quality of care. 

The data used in our analysis was produced in the context of the 

Table 2 
Sensitivity analyses: Fraction of hospitalization and deaths attributable to 
chronic diseases under different scenarios.   

20–39 
years 

40–59 years ≥60 years All ages 

PAF % 
(95% CI) 

PAF % (95% 
CI) 

PAF % (95% 
CI) 

PAF % 
(95% CI) 

Hospitalization     
Main scenario:     
Six chronic diseasesa (adjusted*)  

25.4 (24.8, 
26.1) 

28.3 (27.8, 
28.7%) 

15.3 
(14.9,15.7) 

27.5 (27.2, 
27.8) 

Sensitivity 
analyses:     

Six chronic diseasesa    

19.2 (18.6, 
19.8) 

22.2 (21.8, 
22.6) 

12.8 (12.2, 
13.3) 

18.5 (18.3, 
18.6) 

Three chronic diseasesb (adjusted*)    
24.3 (23.6, 
25.0) 

27.4 (27.0, 
27.8) 

14.2 (13.5, 
15.0) 

26.0 (25.7, 
26.4) 

Nine chronic diseasesc 

(adjusted*)     
27.1 (26.5, 
27.8) 

29.2 (28.8, 
29.6) 

16.0 (15.4, 
16.7) 

28.7 (28.3, 
29.0) 

Deaths     
Main scenario:     
Six chronic diseasesa (adjusted*)  

50.1 (48.6, 
51.5) 

40.5 (39.7, 
41.3) 

18.7 (18.0, 
19.5) 

35.7 (35.2, 
36.2) 

Sensitivity 
analyses:     

Six chronic diseasesa    

40.3 (38.8, 
41.9) 

32.6 (31.9, 
33.3) 

15.3 (14.6, 
15.9) 

23.2 (22.9, 
23.6) 

Three chronic diseasesb (adjusted*)    
47.5 (45.9, 
49.0) 

39.2 
(38.4,39.9) 

18.0 (17.2, 
18.0) 

33.6 (33.2, 
34.1) 

Nine chronic diseasesc 

(adjusted*)     
53.4 (52.0, 
54.8) 

41.9 (41.1, 
42.6) 

19.6 (18.7, 
20.4) 

37.3 (36.8, 
37.8) 

All risks were adjusted for age, sex, state of residence (Mexico City as reference), 
type of surveillance system (sentinel/hospital), health system (IMSS/ ISSSTE/ 
private, SSA and IMSS welfare, other health system) and delay in seeking 
medical attention. Diseases included: 

a Obesity, hypertension, diabetes, cardiovascular disease, CKD and COPD. 
b Obesity, hypertension, diabetes. 
c Obesity, hypertension, diabetes, cardiovascular disease, CKD, COPD, 

asthma, immunodeficiency and other comorbidities. 
* Adjusted for misclassification bias in diabetes and hypertension. 
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epidemiological surveillance system of respiratory diseases in Mexico 
and, as we have shown, it is subject to several sources of bias that could 
affect the estimation of risk ratios and, consequently, the PAF. Data on 
chronic diseases is self-reported and a large proportion of the population 
in Mexico with chronic diseases has not yet been diagnosed. We used a 
bias quantification approach to adjust our estimates, producing an in
crease in the PAF from 18.5% to 27.5% for hospitalization and from 
23.3% to 35.7% in deaths (Table 2). Unfortunately, we did not have 
information to adjust the misclassification for all diseases considered in 
our analysis. Thus, we are still likely underestimating the PAF 
(Hernández-Garduño, 2020), particularly given the large impact of 
obesity on COVID-19 that has been reported in the literature. We did not 
have information about chronic disease control, which could further 
increase fatality (Sardu et al., 2020; Holman et al., 2020). Our study 
could also be subject to selection bias. Our sample is composed mainly 
by subjects with severe COVID-19, since all severe cases of respiratory 
disease are subject to the COVID-19 test, while only a subsample of mild 
cases is tested. Then, the global association captures both the causal 
factors of COVID-19 and the imbalance in access to testing, among other 
biases; unfortunately, we did not have access to an estimate of the total 
number of mild respiratory disease, which could have allowed us to 
produce a better estimate. Also, we do not know the mortality coverage 
of the surveillance system. The death registry in Mexico has important 
delays, and a significant proportion of deaths have not been reported in 
the official COVID-19 registry, as evidenced by excess mortality esti
mates (Grupo interinstitucional para la estimación del exceso de mor
talidad por todas las causas, 2020). It is difficult to predict the direction 
of this bias, as it will depend on whether the differential registry is 
informed by chronic diseases. While we tried to quantify the most salient 
biases in our analyses, future studies with better designs will be needed 
to avoid the pitfalls of registry data and improve our understanding of 
the link between chronic diseases and COVID-19 severity and mortality. 

5. Conclusion 

A sizable proportion of the hospitalizations and deaths from COVID- 
19 were associated with diseases caused by poor nutrition and tobacco 
use in Mexico, particularly among young adults. Mexico has been 
dealing with the double challenge of high demand for hospital services 
due to COVID-19 and treating chronic diseases. Individual efforts to 
control and reduce chronic diseases are direly needed in the short term. 
In the longer term, implementing structural interventions such as taxes 
on tobacco, sugary beverages, and high-energy foods of low nutritional 
value, warning labels, advertisement bans to non-nutritional food and 
beverages and smoke-free spaces could be critical to reduce the burden 
of chronic diseases and COVID-19. 
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