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Abstract

Background: People with a previous diagnosis of non-communicable diseases (NCDs)
are more likely to develop serious forms of COVID-19 or die. Mexico is the country with
the fourth highest fatality rate from SARS-Cov-2, with high mortality in younger adults.
Objectives: To describe and characterize the association of NCDs with the case-fatality
rate (CFR) adjusted by age and sex in Mexican adults with a positive diagnosis for
SARS-Cov-2.

Methods: We studied Mexican adults aged >20years who tested positive for
SARS-Cov-2 during the period from 28 February to 31 July 2020. The CFR was calculated
and associations with history of NCDs (number of diseases and combinations), severity
indicators and type of institution that treated the patient were explored. The relative risk
(RR) of death was estimated using Poisson models and CFR was adjusted using logistic
models.

Results: We analysed 406 966 SARS-Cov-2-positive adults. The CFR was 11.2% (13.7% in
men and 8.4% in women). The CFR was positively associated with age and number of
NCDs (p trend <0.001). The number of NCDs increased the risk of death in younger
adults when they presented three or more NCDs compared with those who did not have
any NCDs [RR, 46.6; 95% confidence interval (Cl), 28.2, 76.9 for women; RR, 16.5; 95% ClI,
9.9, 27.3 for men]. Lastly, there was great heterogeneity in the CFR by institution, from
4.6% in private institutions to 18.9% in public institutions.

©The Author(s) 2021; all rights reserved. Published by Oxford University Press on behalf of the International Epidemiological Association
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Conclusion: In younger adults, higher CFRs were associated with the total number of
NCDs and some combinations of type 2 diabetes, chronic kidney disease, chronic ob-
structive pulmonary disease and cardiovascular disease.
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Key Messages

* The relative risk (RR) of death increases with the number of non-communicable diseases (NCDs).

* NCDs increase the RR of death differentially by age groups, with the highest RR seen in young adults.
* Some combinations of NCDs are associated with greater increases in case-fatality rates (CFRs).

* There is great heterogeneity in the CFR by type of healthcare institution.

Background

The severe acute respiratory syndrome coronavirus 2 dis-
ease (COVID-19)! can produce mild respiratory symptoms
that remit naturally.” However, in some cases, it can also
evolve into acute respiratory distress syndrome, causing
multiple-organ failure and death.’

As of 8 November 2020, >50.3 million people have
been infected with SARS-Cov-2 worldwide and
>1.254 million have died from this cause. When compar-
ing the mortality rate per 100 000 inhabitants during this
period, Mexico had the sixth highest mortality rate and
had officially
961 938 positive cases.”

tested 2.568 million people, reaching

People with a previous diagnosis of non-communicable
diseases (NCDs) such as high blood pressure (HBP), type 2
diabetes (T2D), cardiovascular disease (CVD) and chronic
obstructive pulmonary disease (COPD),”° as well as those
who are older or male, are more likely to develop serious
conditions of COVID-19 or die from this cause.” In China,
the fatality rate (number of deaths per 100 infected) for
COVID-19 was 2.3%. However, it was 6.0% for people
with hypertension, 7.3% for adults with diabetes and
10.5% for people with cardiovascular disease.® On the one
hand, differences were observed in the hazard ratio (HR)
of people who developed severe symptoms or died, being
higher in men (HR 1.6) than in women (HR 1.0) and in
people >65years old (HR 1.9) as opposed to those
<6Syears old (HR 1.0).” Epidemiological studies have
shown that the risk of mortality from SARS-Cov-2
increases 2.5 times when the patient has HBP, 1.9 times
when they have diabetes'® and 7.9 times when they have
cvD."

In Mexico, the association between obesity and diabetes
with a higher risk of SARS-Cov-2 infection,'? severity and

need for hospitalization has been documented.'® A recent
study has also documented a higher risk of complications
at the beginning of hospitalization among patients with
SARS-Cov-2 who also had co-morbidities like obesity, hy-
pertension and diabetes.'*

In a country like Mexico, where 49% of adults have hy-
14% have diabetes'® and 24% develop
CVD,' it is important to quantify the risk of death among
the population with NCDs and COVID-19. It is also im-
portant to consider the role of the health system in provid-

: 15
pertension,

ing care to patients with SARS-Cov-2 in cases with and
without other NCDs. Understanding the magnitude of this
association and its related characteristics can improve tar-
geted strategies that aim to identify adults who are most
likely to be infected and die of SARS-Cov-2. Our objective
is to describe and characterize the association between
NCDs and case-fatality rates (CFRs), adjusting by factors
that increase the risk of death, such as age and sex, in
Mexican adults with a positive diagnosis of SARS-Cov-2.

Methods
Study design and participants

Our study population consisted of Mexican adults aged
>20years who tested positive for SARS-Cov-2 and were
registered in the Epidemiological Surveillance System for
Respiratory Diseases database (SISVER, Spanish acro-
nym). This database includes epidemiological information
at the national level, with mandatory reporting of diseases
like SARS-Cov-2 for all public or private health units and
laboratories. The information was obtained from the
Ministry of Health’s website (https://www.gob.mx/salud/
documentos/datos-abiertos-152127).'% This data set is
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open to the public and is continuously updated. We ana-
lysed data from the beginning of the epidemic (28
February 2020) to 31 July 2020. The database contains in-
formation on all outpatients and those hospitalized, as well
as on deaths from SARS-Cov-2 in Mexico."'®

Confirmation of COVID-19 cases

Adults were suspected of having COVID-19 if they
reported at least two of the following symptoms within the
past 7 days: fever, headache and cough, accompanied by at
least one of the following signs: arthralgia, conjunctivitis,
pain in the chest, dyspnea, myalgia, odynophagia or rhi-
norrhea. For all suspected cases, two protocols were fol-
lowed: testing for SARS-Cov-2 and epidemiological
surveillance.'® As authorized by the National Committee
for Epidemiological Surveillance (CONAVE, Spanish acro-

cases were confirmed using the polymerase chain
1.7

nym),'®

reaction test based on the Berlin protoco

NCD assessment

An adult was considered to have an NCD when the patient
reported having been previously diagnosed with: HBP,
T2D, obesity (OB), CVD, chronic kidney disease (CKD) or
COPD. We selected these NCDs because they are those
with the highest prevalence in Mexico and because of their
association with greater severity of COVID-19."°"7 The
instrument used to collect the information was an official
standardized questionnaire used by the federal govern-
ment’s Epidemiological Surveillance System.'® It collects:
socio-demographic information (age and sex), personal
pathological history (presence of NCDs, date on which the
symptoms associated with the infection began and expo-
sure to tobacco), treatment characteristics and indicators
of severity such as the presence of pneumonia, need for
hospitalization, assistance in the Intensive Care Unit and
the use of assisted mechanical intubation (IMA). We classi-
fied information on NCDs by number, as follows: no
NCDs, one NCD, two NCDs and three or more NCDs.

Institution in which healthcare was provided

We included the institution in which patients received care
in the analysis. We categorized the healthcare institutions
as Private, Ministry of Navy (SEMAR), Federal Ministry
of Health (SS), (Red Cross+DIF-+Municipal+University),
Ministry of National Defense (SEDENA), not specified,
State Secretaries of Health, Petroleos Mexicanos
(PEMEX), Institute of Security and Social Services for

State Workers (ISSSTE) and Mexican Institute of Social
Security (IMSS).

Statistical analysis

Fatality due to SARS-Cov-2 was calculated through the
CFR and expressed in percentages (number of deaths from
COVID/total patients identified with COVID in the pe-
riod described x 100) with their 95% confidence intervals
(95% ClIs).

The CFR was disaggregated by sex, age and NCDs. To
assess trends between age groups and the number of
NCDs, tests were performed using robust estimates by
Bootstrap. The relative risk (RR) was estimated using
Poisson models and the probability of death (CFR ad-
justed) using logistic regression, which in both cases were
adjusted in the models for age, sex, the presence of pre-
existing diseases (asthma, immunosuppression, other co-
morbidities non-specified) and dummy variables for health
institutions. Robust estimates were used in all models.
Data analysis was performed using the statistical software
STATA?® and the statistical software R.*!

Results

The database used in this study included information on
842025 adults aged >20years who were tested for
COVID-19. Of these, 3600 (0.4%) observations were
eliminated for not having information related to NCD di-
agnosis. We analysed only information on confirmed
SARS-Cov-2 cases (n=406966). Of these, 53.2% were
men (mean age, 47.0years: 95% CI, 46.9, 47.1) and
46.5% women (mean age, 45.6 years; 95% Cl, 45.6,45.7).

Participants’ characteristics by sex are described in
Table 1. The prevalence of NCDs was similar between the
sexes. The most common NCD was HBP (20.6%; 95% CI,
20.5, 20.8), followed by obesity (19.8%; 95% CI, 19.6,
19.8) and diabetes (16.8%; 95% CI, 16.7%, 16.9).
Furthermore, 55.8% (95% CI, 55.6, 56.0) reported having
no NCDs, whereas 25.9% (95% CI, 25.8, 26.1) reported
having one, 12.1% (95% CI, 12.0, 12.3) reported having
two and 5.9% (95% CI, 5.9, 6.0) had three or more. Over
half of the cases were reported by units from the Ministry
of Health (53.7%; 95% CI, 53.5, 53.8), followed by the
IMSS (33.0%; 95% CI, 32.8, 33.1).

Table 2 shows the CFR for SARS-Cov-2 by sex and
NCDs. In the total population, the average CFR was
12.1% (95% CI, 12.0, 12.2) and was higher among men
(CFR 14.6%; 95% CI, 14.5, 14.8) than women (CFR
9.1%; 95% CI, 9.0, 9.3). Trend analyses showed that the
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Table 1 Characteristics of Mexican adults with diagnosis of COVID-19 and non-communicable diseases (NCDs) by sex

Total Women Men
n % (95% CI) N % (95% CI) n % (95% CI)

Total 406 996 100 - 190 088 46.7 (46.5,46.8) 216 908 53.2 (53.1,53.4)
Age in years

20-39 154 375 379 (37.7,38.0) 75687  39.8  (39.5,40.0) 78688 362  (36.0,36.4)

40-59 169 361 416 (41.4,41.7) 78012 41.0  (40.8,41.2) 91349 421 (41.9,42.3)

60-79 72 409 177 (17.6,17.9) 31508 165 (16.4,16.7) 40901  18.8  (18.6,19.0)

>80 10 851 2.6 (2.6,2.7) 4881 2.5 (2.4,2.6) 5970 2.7 (2.6,2.8)
NCDs
Cardiovascular disease

No 398 168 97.8  (97.7,97.8) 186293  98.0  (97.9,98.0) 211875  97.6  (97.6,97.7)

Yes 8828 2.1 (2.1,2.2) 3795 1.9 (1.9,2.0) 5033 2.3 (2.2,2.3)
Hypertension

No 323 624 79.5 (79.3,79.6) 150 661 79.2 (79.0,79.4) 172963 79.7 (79.5,79.9)

Yes 83372 20.4 (20.3,20.6) 39427 20.7 (20.5,20.9) 43 945 20.2 (20.0,20.4)
Chronic kidney diseases

No 398 660 97.9 (97.9,97.9) 186 490 98.1 (98.0,98.1) 212170 97.8 (97.7,97.8)

Yes 8336 2.0 (2.0,2.0) 3598 1.8 (1.8,1.9) 4738 2.1 (2.1,2.2)
Diabetes

No 339 625 83.4  (83.3,83.5) 158970  83.6  (83.4,83.7) 180655 832  (83.1,83.4)

Yes 67371 16.5  (16.4,16.6) 31118 163 (16.2,16.5) 36253 167  (16.5,16.8)
Obesity

No 328251 80.6  (80.5,80.7) 151476  79.6  (79.5,79.8) 176775  81.4  (81.3,81.6)

Yes 78 745 19.3 (19.2,19.4) 38612 20.3 (20.1,20.4) 40133 18.5 (18.3, 18.6)
Chronic obstructive pulmonary disease

No 400 352 98.3 (98.3,98.4) 186 895 98.3 (98.2,98.3) 213 457 98.4 (98.3,98.4)

Yes 6644 1.6 (1.5, 1.6) 3193 1.6 (1.6, 1.7) 3451 1.5 (1.5, 1.6)
Number of NCDs

0 241 589 593 (59.2,59.5) 113244 595  (59.3,59.7) 128345  59.1  (58.9,59.3)

1 100 464 246 (24.5,24.8) 45600  23.9  (23.7,24.1) 54864 252 (25.1,25.4)

2 45673 112 (11.1,11.3) 21545 113 (11.1,11.4) 24128 111 (10.9,11.2)

>3 19270 47 (4.6,4.7) 9699 5.1 (5.0,5.2) 9571 4.4 (4.3, 4.4)
Severity indicators
Pneumonia

No 321109 78.8  (78.7,79.0) 157201  82.7  (82.5,82.8) 163908 755  (75.3,75.7)

Yes 85 881 211 (20.9,21.2) 32884 172 (17.1,17.4) 52997 244  (24.2,24.6)
Attention mode

Ambulatory 294 586 72.3 (72.2,72.5) 146 841 77.2 (77.0,77.4) 1477 45 68.1 (67.9,68.3)

Hospital admission 112 410 27.6 (27.4,27.7) 43 247 22.7 (22.5,22.9) 69 163 3.2 (31.6,32.0)
Mechanically assisted intubation

No 396 337 973 (97.3,97.4) 186528  98.1  (98.0,98.1) 209809  96.7  (96.6,96.8)
Yes 10 659 2.6 (2.5,2.6) 3560 1.8 (1.8,1.9) 7099 3.2 (3.1,3.3)

Admitted to unit and intensive care
No 398 193 97.8  (97.7,97.8) 187060  98.4  (98.3,98.4) 211133 973  (97.2,97.4)
Yes 8803 2.1 (2.1,2.2) 3028 1.5 (1.5,1.6) 5775 2.6 (2.5,2.7)

Institutions of the health system
Private 11 992 2.9 (2.8,2.9) 4790 2.5 (2.4,2.5) 7202 3.3 (3.2,3.3)
SEMAR 3184 0.7 (0.7, 0.8) 1040 0.5 (0.5,0.5) 2144 0.9 (0.9, 1.0)
SS 218 544 53.6 (53.5,53.8) 104 574 55.0 (54.7,55.2) 113 970 52.5 (52.3,52.7)
Others 762 0.1 (0.1, 0.2) 380 0.1 (0.1, 0.2) 382 0.1 (0.1, 0.1)
SEDENA 2831 0.6 (0.6, 0.7) 943 0.4 (0.4, 0.5) 1888 0.8 (0.8, 0.9)
Not specified 3148 0.7 (0.7,0.8) 1416 0.7 (0.7,0.7) 1732 0.7 (0.7,0.8)
SMH 9186 22 (2.2,2.3) 4537 2.3 (2.3,2.4) 4649 2.1 (2.0,2.2)
PEMEX 5106 12 (1.2,1.2) 1793 0.9 (0.8,0.9) 3313 1.5 (1.4,1.5)

(Continued)
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Table 1 Continued
Total Women Men
n % (95% CI) % (95% CI) n % (95% CI)
ISSSTE 18 026 4.4 (4.3,4.4) 8401 4.4 (4.3,4.5) 9625 4.4 (4.3,4.5)
IMSS 134217 32.9 (32.8,33.1) 62214 32.7 (32.5,32.9) 72 003 33.1 (32.9, 33.3)

Data from General Direction of Health Information (DGIS), 2020.

Ministry of Health, Ministry of the Navy (SEMAR), Federal Ministry of Health (SS), Other (Red Cross, DIF, Municipal, Universitary), Ministry of National
Defense (SEDENA), Statal Ministry of Health (SMH), Petroleos Mexicanos (PEMEX), Institute of Security and Social Services for State Workers (ISSSTE),

Mexican Institute of Social Security (IMSS).

CFR increased with age and number of NCDs (trend test
< 0.001). In women, the CFR was 1.2% in the 20- to 39-
year-old age group and 40.8% in the >80years group,
whereas, for men, it was 2.6% and 47.9%, respectively.

In the group of patients without NCDs and stratified by
sex, the CFR was lower in women (3.4%; 95% CI, 3.3,
3.5) than in men (8.0%; 95% CI, 7.8, 8.1). When stratify-
ing by type of institution, the CFR was higher in the IMSS
(CFR , 10.7%; 95% CI, 10.5, 10.9), followed by the
ISSSTE (CFR, 9.5%; 95% CI, 8.9, 10.1). In patients with
at least three NCDs, the CFR was higher in women (CFR,
29.9%; 95% CI, 29.0, 30.0) than in men (CFR, 35.8%;
95% CI, 34.8, 36.7), whereas, when stratifying by type of
institution, the CFR was higher in the IMSS (CFR, 44.0%;
95% CI, 42.9, 45.1), followed by the ISSSTE (CFR,
37.5%; 95% CI, 35.0, 40.1). The trend test by number of
NCDs was p < 0.001 (Table 3).

Figure 1 shows that the CFR increases with the number
of NCDs in a triple interaction (p < 0.01) with sex and age.
Adults aged 20-29 years with at least three NCDs have a
greater risk compared with those without NCDs, in
women (RR, 46.6; 95% CI, 28.2, 76.9) and men (RR,
16.5;95% CI, 9.9, 27.3). Moreover, the risk among adults
aged >80years with at least three NCDs compared with
those without NCDs is 1.2 in women (95% CI, 1.0, 1.3)
and 1.0 in men (95% CI, 0.9, 1.1). The model is shown in
Supplementary Appendix 1, available as Supplementary
data at IJE online, and Table 1.

The CFR for SARS-Cov-2 in men and women by num-
ber and all possible combinations of NCDs is shown in
Supplementary Appendix 2, available as Supplementary
data at IJE online, and Table 1. For two NCDs, the combi-
nation with the greatest CFR was T2D+CKD (CFR, 44.0;
95% CI, 39.2, 48.8); for three NCDs, it was
T2D+COPD+CVD (CER, 57.5; 95% CI, 38.4, 75.8).

When categorizing by number of NCDs (from none to
at least three), and disaggregating by age group, a greater
risk of mortality for older age was found in all categories,
except for T2D+COPD and CVD+CKD combinations.
The combinations with the highest CFR (from 50.0% to

75.0%) were: CVD+HBP+CKD+T12D+0OB, CVD+CKD
+COPD, CVD+T2D+COPD, CVD+HBP+CKD+OB+
COPD, HBP+CKD+T2D+OB+4COPD, CVD+CKD+
T2D+COPD; and 31 combinations with CFR between
30.0% and 49.0% were observed. The lowest CFRs were
with OB or no NCDs (Figure 2). We did not see a specific
pattern by sex (Supplementary Appendix 3, available as
Supplementary data at IJE online, and Figures 1 and 2).

Figures 3-5 show the CFR by age groups for each NCD
(T2D, HBP, OB, CKD, COPD and CVD) individually and
combined with other NCDs. Figure 3a and b shows that
younger adults had a higher RR of death when they had
T2D combined with one or more NCDs (women: RR,
12.5;95% CI, 7.1, 22.2; men: RR, 5.8, C1 95% 3.1, 10.9).
A similar pattern was observed in all diseases and combi-
nations in the age group of >60 years. The model is shown
in Supplementary Appendix 1, available as Supplementary
data at IJE online, and Table 2.

Discussion

In our analysis, the CFR was associated with sex, age and
number of NCDs (HBP, obesity, CVD, CKD or COPD).
We observed greater CFR heterogeneity among
institutions.

There is evidence that a country’s average age can ex-
plain up to 66% of the variation in CFR for COVID-19.%*
Much of the variation between countries is due to the age
of people evaluated and diagnosed with the virus. In our
analysis, the average age of the population infected with
SARS-Cov-2 was 45years, similarly to that in China
(49 years) but younger than that in Italy (62 years).> This
could be due to the fact that the median age is similar in
Mexico (30years)® and China (35 years),* but higher in
Italy (46 years).*

Adults with underlying NCDs are more likely to experi-
ence more severe symptoms or die from a SARS-Cov-2 in-
fection.”® In our analysis, 40.5% of adults with SARS-
Cov-2 had at least one NCD. This is lower than the


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab008#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab008#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab008#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab008#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab008#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab008#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab008#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab008#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab008#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab008#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab008#supplementary-data

International Journal of Epidemiology, 2021, Vol. 00, No. 00

(panunuo))
100°0>  (£1°9°T) L1 - I (0S‘TH) 9% 806¢€91 - I (9T%7 $'T  T0TLST - I (9¢c¢)  9¢ 60T TCE ON
ergowmauJ
m.-cuwumﬁﬁ_ %umum\rvm
100°0>4d 100°0>4d 100°0>4d puen d
1000> (CTT'T) [ (Tc07) 1T (19 v'se)  8's¢ 1286 (¢€0¢) T¢ (00£°8°67) 66T 669 (STHT) +T (SEETTE) 8TE  0LT61 <
100°0>  (€T1°CT) €1 (8121 71 ($£T°897) LT 8TIYT (9TYT)  §T (80T°907) L0T SPSIT (I'T61) 07T (SYTLE€T) THT  €L9Sh 4
100°0>  (91°S°T) [ (STYT) ST (LLTTLT) ¥LT +98%S (6T°LT) 8T (L0T°S0T) 90T 009Sv (9T°C'T) 9T (SHPITHI) €T +9¥ 001 T
100°0>  (6T°8°T) 6T T (€8°LL) 08 Sbe8Tl T (se°¢e) e phTert - T (6S°L9) 8'S 685 TIHT <0
SADDN Jo B_quinN
100°0>  (€T°T'T) [ (T'1°01)  TT (I8¢6vE) §9¢  Isve  (TTT'T) TI (T'0€‘8'67) 00¢  €61€  (TTTT) TT (SHETTE) €€€  #b99 SOK
100°0>  (S'TS'T) [ - T (6vI°L11) €€1  LSPEIT - T (T8°L) '8 $68981 - T (011°8°01) 601 TSEO00H ON
aseasip Areuowynd
o>_uu=.-umﬂo o_EO.:.—U
100°0>  (S'T%'T) ¥'T (F1€T) $T (TLI99T) 89T €€10v (STHT) ST (TTr6TD) 12l 7198 (WI%YT) #T (LyITHI) S+I SHLSL SOK
100°0>  (STT°S°T) [ - T We19Tn) TET SLL9L1 - T (9L%2) S'L 9L¥IST - T (90T %01) S0 TST8CE ON
AnsaqQ
100°0>  (€1°CTT) [ (91°61) ST (Tere8T) L8T €sc9¢ (0T6'T) 61 (8TC9ce) LT 8ITIE  (LT1°91) LT (€97°967) 09T TLELY SOL
100°0>  (L1°9°T) 9T - T (TITT0T) LOT SS908T - I (85°9) 9'S 046 8S1T - I (8T8 €8 ST96EE ON
mouvﬂmmg
100°0>  (T'1°0°T) 1 (6'T°8°T) 8T (0'T¥T8E) 96  8¢Lb  (9Tc’D) +vT (6v€LPE) 8¥E  86S¢  (I'T0T) 07T (98€°69¢) §L&  9¢¢€8 £
100°0>  (S1°S°T) ST - I (SPTLTD) T'€T 0LITIC - T (I'8°8L) 6L 06¥ 981 - I (8071°901) Z0T 099 86¢ «ON
w@wﬁ@wm@
Asuppy| ooay)
100°0>  (€T1°CT) 1 (€T°€T) €T (€£7°697) 69T Sv6sy (LT°9T) 9T (€1°0710) TIT Ltves (STYT) #T (SPT6€T) THT TLEES £
100°0>  (£1°9°T) L1 - I (801°%6) +01I €967LL - T (Ts‘os) 'S 199081 - I (08°8L) 6L ¥T9€TE «ON
uorsualadAH
100°0>  (€T°T'T) Tl (T 1T 1ET60) ¥ €€0s (€T TI (I'P8ED) 0vT  SeLe (TTOT) T'T (98T°L9T) LLT  8T88 saX
100°0>  (ST°ST) [ - T (9P1°0TI) €€T SL811C - I (T8°08) '8 €67981 - I (0TT°8°0T) 60T 89T 86€ «ON
umwo&ﬁ
h&—me?rOﬂﬁNU
SAOON
100°0>d 100°0>4d 100°0>d 100°0>d puen d
1000> (CTT'T) I'r (9°0T°9°8T) 96T (6°9v S 9%) L'9%  0L6S (6'L£°9°CE) 1'SE (06 °6'8€)  0'6€ 188y (TSTT'€T) Tve (THy‘€'th) TEr 18801 08<
100°0>  (€1°CTT) 1 (8T °S€T) T'vT (0bEST€E) L'€€  T060v (84T 9TT) TET (86°9°6T)  L'ST  80STE (SLTTIT) 891 (9°0€°6'67) TOE 60¥ L 6,09
100°0>  (8°T°L°T) LT #S6y) TS (91T ¥ 6bEI6  (S9°9°6) 19 (8919 L9 TI08L (LSES) §S (66°96) 86 19€69T 65—0%
100°0> (TT6'T) 0¢ - I (717 €T 8898/ - T (riom 'l L89SL - I (81°9T) LT SLEVST «6€-0¢
dnoig a8y
100°0>  (S'T%°'T) ST - - (6°€T9€T) L'€1 80691C - - (98°¢'8)  ¥'8 880061 - - (CTITTTID) TIT 966 90% Xa8
Xas
Purea-d (1D %S6) LOR R (1D %S6) A HID %S6) % YD N oD %S6) MY (1D %S6) %D U oD %S6) MY (1D %S6) % ¥dD  “
uaur SA NEUEO\X/ Euz EMEO\X/ —NuO..—..

"xas Ad (SQON) seseas|p 9|gedlunwiwod-uou pue gL-dIA0D Ylim pasoubelp synpe uealxa|Al Ul (440) aled Aljeiej-ase) g ajgel



International Journal of Epidemiology, 2021, Vol. 00, No. 00

070 “Y3eaH JO ANSIUIA (STDH() UOIBWIOJUT Y3[BIH JO UOTIIAII(] [BI2UIL) WO eIe
"USW SA UDWOM SIUIL(],
*(SSIATT) £311N93G [B1D0G JO 2IMINISUT UBIIXIIN (F.L.SSSI) S19310/\ 18IS 10] SIIAIG [BI00G PUB AILIND3G JO a3nINSUT (XHINHJ) SOUBIIXIN SO3[01I]

(HINS) Ya[eaH Jo Ansiury [e3ess (YNIQHS) 9suje( [euoneN jo Ansturjy ‘(£reysioarup ‘Tedpimpy I 501D pay) 2430 (SS) PEIH JO AUSIUIA [21p] (YVINLS) AABN U3 Jo ANSIUTN "(I[EH JO AUSTUTAL,
“[BAIIUT 9DUIPYUOD %, G YIM YSLI JANE[I = Y,

+a8e £q pasnlpe Yy,

"X3s pue d3e £q pajsn(pe JSIr 2ANe[RI = Y

*£1082382 90UI9JIY,

1000°0> (VT °€°T) 1 (T ve) L€ (9€T°9T1T) 97T €00TL (9v°S€) 0% (TSTTHD) L¥T  #IT79 (I'p°S'¢) 8¢ (T'6T°L8T) 68T LITHET SSINI
1000°0> (S°T°¢T) v'T (eeLT) 6T (9TTL0T) 91T ST96  (€€¢°T) 6T (TYIT'ED) L'€1  10¥8  (TELT 6T (S8T4°LI) 6LT 92081 ALSSSI
€000 (P'TCTT) Tl (sT00)  TT (TIrT‘eyl) €S1T  €1ee  (TeETD 9T @PILED) €¥l €641 (9TTT) €T (6STO¥I) 6+%T 901§ XAWA
1000°0>  (9'T°€'T) ST (6Tcd) 9T (091°T¥1) 0ST  6v9% (0€TT ST (€6°T8) L8 LSy (8T€T)  S$T (9TTTID 6TT 9816 HIN'S
1000°0> (6T ‘€°T) [ (8717 T (09T°TvI) T'ST  TeLT  (8T8T) €T (S8°bL) 6L 9Tyt (97T €T (0°€T201) 81T 8¥I€ paymads 10N
€7900  (+'16°0) 't (b'z81) 1T (Ter‘eor) €11 8881 (I'€00) ST (9T1°¢01) T'IT £v6 (sT61) T Werron) CIl 1€8C VYNAQds
§TT0'0  (9T0T) 91T (6101 +'1 (FIT°S6) 01 8¢ (61800 TI (09%) (%9 08¢ (101 €1 (66°T9) 08 9L SIYI0
1000°0> (8°1°9°T) LT 8Tcr) 91 (0612 '8 0L6€1T (91D +#1 (0°S‘6€) Yy vLSYOT (TP ST (479°T9) €9 +HS8IT SS
8840 (€T°L0) T 160 T (H9YY) ¥'S vrIT TP 6T (SLY9) 0L oror (91T vT (L9°TS) 6'S ¥81¢ AVINAS
1000°0> (£1°CT) [ - I (T9‘cy) s 0TL I (evTe) L€ 06Lt I (0s‘ey) 9Y  T661TI 21BALI]
JWRISAS yafeay

uﬂu MO mﬁcﬁﬂuﬁmﬁﬁ
100°0>  (T'1°0°T) T'1 (L7970 LT (6¥S€Ts) 9¢s  su.8  (ve6T) 1€ (687L'8y) 88y 820¢  (6T°LT) 8T (0°€S‘6°0S) 6'IS €088 S9L
100°0> (ST %°'T) ST - I (6€T°C’TT) 97T €€ TIC - T (6L°LL) 8L 090 /81 - I (#01°C0T) €01 €61 86¢ ON
dIed o>«wﬂuﬁ\: ﬁﬁﬁ

yiun o3 ~u3ﬁ5—u<
¥190°0 (0T ‘6°0) T (6'¢L¢) 8¢ (TvLTTl) Tl 660 (0S°9%) 8V (6TL9TL) 8TL 09S¢ (TYOV) Tv (6°€LTTL) TEL 65901 £
100°0>  (S'T%'T) ST - I (LTreon) L11 608 60C - T (eL°12) TL 8TS 981 - I (L6°S6) 96 LEE96E «ON
uoneqniul pajsisse

A[restuetdaA
100°0>  (T'T°T'T) 1 (P'TT°S°0T) O°TT (9°8€°8°LE) T8E  €9169 (LLI6°ST) L'9T (£€€°TEE) TEE LvTSh (€E€T°STI) 6°TT (9°9€°0°9€) €9¢ 01V TIT S9L
100°0> (0°TL'T) 6’1 - I (9T%T) TT SvLL¥L - T (T1rTn 'l I¥89¥1 - I (L1°9T) LT 98S+e6C «ON

:OﬁmmmE_um _mﬁamom

Q—UOE uonuany
100°0>  (T'T°T'T) ' (09°LS) 6S W 9OTy) Ty Le6TS (#'8°8L) T8 (89€°99¢) L9 +¥88TE (899 99 (€0v°L6E) 00y 18868 SIK

X3S
Pea-d (10 %S6) CRYY| (1D %S6) MY H(ID %S6) % ¥ID N pID %S6) MM (ID %S6) % YID U p(ID %S6) MU (ID %S6) % MID %
uauI SA wﬂ@EOb? UIIN UIWIo X\ _NMOF

panunuo) z alqeL



International Journal of Epidemiology, 2021, Vol. 00, No. 00

'X9s pue snonunuod a3e 4q paisnlpy,

"x3s £q passnlpy,
‘snonunuod a3e £q paisnlpy,

*(SSIAII) 43141938 [B100G JO 2ININSU] UBIIXIIA (T L.SSSI) STONIO A\ 3G J0J SIIAIIG [BIO0G PUE AILINDIG JO 23MINSU] (XHINHJ) SOUBIIXIA SO[0IId]
“(HINS) Y3[EaH J0 AnSTuA [e3e3§ (VNAJHS) Su2§2( [EUONEN] JO Ansturjy ‘(£renszoarup) ‘Tedorunpy ‘q1q ‘ss010) pay) 1YI0 (SS) YPESH JO ARSTUT [e19p2] (MVINES) AAEN oY JO AIISTUTIA Ya[eH] JO LIISTUTIA

*£1033180 9dUa19JIY,

'070T ‘YIeaH JO AnSIUI (STDH() UONBWIOU] YI[BSH JO UOLIAII(] [BISUIL) WOIj BIR(]

1000°0>  (61°8°1) 61 (I'Sk6th)  0vy  0bE8 (STT9T) 9T (F'SE0vE)  LPE€ 00441 (PTCT) +'1 (I'€T°TTT)  LTC  TLS€E 0T (6°0T°S01) 20T 909 +L SSINI
1000°0> (€C%6T)  T'T (T'0v‘0°SE)  §LE  T6ET (9T°LT) LT (TTE®8Y)  §0€  664T (9T°CTD) 1 (I'Tc86l) 60T 9L 0T (1°0T°%8) 6 6L06 ALSSSI
1000°0>  (9T°LT)  TT (FSeT8r)  8I¢ 0s9  (€T°L1) LT (TYT0'6l) 91T ¥86 (9TT'T) €T (9€1°L01) <TTI  0L6T 0T (T899) 69 08T XAWNAD
1000°0>  (6T%'1) 91 (TSEvLD)  ¢€1¢ 6vS  (TTY'D) #T (€€T%81) 60T 9401 (STTT) €T (9S1°4Cl)  THIL  €STC 01T (8L %9) 'L 80¢€S HINS
1000°0>  (bTTT) LT (€€€L61)  §9T 91 (TT9T) 9T (8¥T‘891) 80T 86¢ (8T°T'D) #T (0LIVTI) Ll L06 0T (6L°S°9) L9 1891 pagmads JoN
1000°0>  (6T°20) T (9LT°6'T1) 86T 10T (0TYT) 1 (S6TL61)  9%T 00 (9T°%6°0) TT (I'81°¢'Cl) TSI €09 0T (+'8°079) TL £T81 VNAAIS
1000°0>  (8°9°¢ 1)  0°¢ (TIETOI) 90¢ 8¢ (8007 07T (90C0L)  8€T 10T (SYT) 6T (gL1°8L) 971 06T 0T (TYTT) 9T 84 SO
1000°0> (€€67)  1'¢ (9TC861) L0T CISL (€T%T) +v'C (8ST8vI) €T 7901 (6181 61 (1'698) 68 861€S 01T (Te0€) '€ TLLIET SS
(062°€) 8 (98€°L°00) L'6T 10T (bTLe) L€ (€LT°€91) 81T St (I'S°eD) ¥'¢ (891°C01)  9°€l 9% 0T (9T7°ST) 0C L0VT AVINES
1000°0> (s's°Te)  T¥ (09T°6L1) 61T soy  (STire) e (€9r‘rTn)  THD o 8601 (9°T9T) TT (9°L°9°S) 99 ¢ssT 0T (TT9T) 6T ¥66L PITATI]
.._.uJEuumNAm -.—u—.wuﬂ uﬂu wo mﬂomuﬂu_umﬂﬂ
1000°0> (€TT'T)  TT (L+948S) £19 8001 (0T°TT) T'T (8984'cs) 9+vS €6l (I'T°0T) OT (P+S‘80S) 9T°S 89T 0T (08V‘CHy) T ¥06T SIK
1000°0>  (STYT) ST (61€°S°0€)  TIE 7978 (6107 0T (TETHTY)  8TT 0SLEY (9T°CT) ST (€€1°%6°CH)  TEL 9646 0T ('S TS) €6 $898€T ON
uu.:wu dAIsudjUT ﬁﬁd jmun o3 —uvuuma—ua.\
1000°0>  (T'T°0°T)  T'T (18894 T'6L L6Tl (0T°0T) 0T (692°S€L) TSL 6vbT (0T0°T) 0T (I°S2°TTL)  9°€L  90S€ 0T (TOL0L9) 989 LO¥E SOL
1000°0> (9°Tv'0)  §T (1'0£°8'87) §6T €L6L1 (61°0T) 0T (97T8°07) <TIT +TTcey (91°CT) ST (FTr'6°11) TTl 85696 0T (0°S‘8%) 6y  T818€T ON
aﬁomuﬁﬁ—suﬂm —u@uwmmmm z_mumﬁﬁauvz
1000°0>  (PTCT) €T (68v°TLb) 08y LELIT (TTTI) TI (S€P T  6Tv  906¢C (T'TTT) T'T (9££°99€) TLE 8LS¥E 0T (F'67°980) 06T 68T €H S9X
1000°0> (Tv°s€) 8¢  (L68) '6 €esL (F'T90 9T (§°S°6Y) TS L9LTT (6'T°91) LT (STTT) €T 98859 0T (80°L0) 80  00¥ 861 ON
puorsstwpe [eadsop]
mﬂOE EO«nﬁm:A\
1000°0>  (PTCT) €T (0PS‘6'TS) 6TS  8¥88 (TTITI) TI (B8¥69%) LiLivy S€TLT (TTTD TT (STPC0b) 60y ThL9T 0T (€TECTE)  8TE 9S50 €€ BN
1000°0>  (b'€°0°€)  TE (F9T°0ST)  L'ST  TTk ol (TT'ed) €T (TOT1°S6) 86  LEVST (LT1°ST) 9T (8+%°S¥) LYy T1TLEL 0T (8TLT) L1 678 80T ON
«mmﬂo-ﬂzuﬁm
quuNummv:m %u_ku\rmm
1000°0> (CTTT'T)  TT (98v°T'eh) 6Sy  SOET (T'TTT) T'T (69 T'€y)  0Sy  TeLT (TTOT) TT (L9 8TH)  S¥y  6€SE 0T (I'T¥LLE)  v'6€ 9LT€ 08<
1000°0>  (LT°9T) 9T (9°0¥°98¢) 968  ¥448 (STYT) +'T (8PEPEE)  THE 69TLT (CTT'T) T'T (00£°8°87) +'6C €60CC 0T (F'STEYT)  6%T  €LEPT 6L-09
1000°0> (v 0v)  TY (H9TSYT)  $ST vL18  (LT8°T) 8T (LI WIT) 69T 6¥80T (6T°8°T) 8T (9T1°0TL)  €I1  T91Ly 0T (T9%6'S) 09 9L1 €6 65-0%
1000°0> (£8T‘8°€T) 19T (S'8T°0'¥1) €91  ZI0T (€£°T8) T8 (0°6°SL) €8 vey (8°€‘Te) §€ (LeTe) ¥'€  0.9.T 0T (0T°°0) 60  ¥9L0T1 6€-0C
(sxe24) ,dnoig o8y
1000°0>  (TT0T)  TT (L9€°8%E)  8SE  TLS6 (LTLT) LT (L£T°997) TLT 8TI¥T (STYT) ST (LLTTLT) L1 $98%S 0T (1'8°82L) 08 Ste 8Tl WKW
1000°0> (€°€°0¢)  TE¢ (80£°067) 66T 6696 (bTST) ST (€1TT0T)  L0C SPSTT (6TLT) 8T (601°€C0I) 90T 009St 0T (S€ee) v'e  YPTELL LUIWOM\
Bl
pwand (D %S6) WA (ID%S6) % WD %  (D%S6) YA (1D %S6) % WID N (ID%S6) I (D %S6) % UID  # WA (1D %S6) % WD N
SADN
Suowry SADON 21, SADON oM, AON 2uQ SADN ON S9[qeLIEA

(SQDN) Sseasip 9]qedluNWWOod-Uou Jo Jaquinu Aq paziiobaled pue gL-dIAQD YIM pasouBelp s)npe Uedixa| Ul (44D) a1ed Alljele)-ase) ¢ ajqeL



International Journal of Epidemiology, 2021, Vol. 00, No. 00

RR=1.2 (1.0,1.3)
40 4 RR=1.3 (1.2, 1.5)
RR=1.7 (1.6, 1.9)
30 A
RR=46.6 (28.2, 76.9) RR=4.0 (3.6, 4.4) =
-1 5]
3
@
=
20+
RR=20.4 (15.6,26.7) RR=7.0 (6.2, 8.2) I
1 = x
+ L3 =
g o == NCDs
3 o No NCDs
3 ~4~ One NCDs
© RR=1.0 (0.9, 1.1)
© RR=1.2 (1.2,1.3) -m- Two NCDs
o
6 == >=Three NCDs
401 RR=1.5 (1.4, 1.5)
RR=2.1(2.0,2.3) :E
7 I RS
RR=4.1 (3.7, 4.5)
3
I :
RR=16.5 (9.9, 27.3
20+ { ) RR=8.1(6.5,9.9)
i S
104 I . .
a
a
O -
20s 30s 40s 50s 60s 70s >=80s

age group (years)

Figure 1 Case-fatality rate (CFR) estimate in adults with COVID-19 and number of non-communicable diseases (NCDs), categorized by age groups and
sex. Estimations adjusted by categories of the institutions of the health system, asthma, immunosuppression and other non-specified co-morbidities.
RR, relative risk (95% IC) no NCDs vs three or more NCDs. Data from General Direction of Health Information (DGIS), Ministry of Health, 2020.

prevalence found in the general Mexican adult population,
in which 49.2% have at least one NCD.**

On the other hand, men have fewer antibodies that de-
crease the expression of IL-6, which is linked to deregulation

of the immune system and lung damage. Likewise, men have
higher concentrations of angiotensin-converting enzyme 2
(ACE2) in the alveolar membrane of the lungs through which
SARS-CoV-2 enters and infects its host.”® Consistently with
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Figure 2 Case-fatality rate and combinations of non-communicable diseases (NCDs) by age groups. Data from General Direction of Health

Information (DGIS), Ministry of Health, 2020.
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Figure 3 Case-fatality rate (CFR) in adults with COVID-19 with/without diabetes or hypertension, with/without other non-communicable diseases
(NCDs). Estimations adjusted by categories of the institutions of the health system, asthma, immunosuppression and other non-specified co-morbid-
ities. Data from General Direction of Health Information (DGIS), Ministry of Health, 2020.

this infection mechanism and men’s diminished immune- The number of chronic co-morbidities influences the
system response, the CFR in our study was higher in men risk of being infected with SARS-Cov-2 and dying from
(CFR, 14.6) than in women (CFR, 9.1). it.2® People with more NCDs and of older age have a
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Figure 4 Case-fatality rate (CFR) in adults with COVID-19 with/without obesity or chronic kidney disease, with/without other non-communicable dis-
eases (NCDs). Estimations adjusted by categories of the institutions of the health system, asthma, immunosuppression and other non-specified co-
morbidities. Data from General Direction of Health Information (DGIS), Ministry of Health, 2020.

higher risk of death.'® In China, reports indicate that, comparison to those with only one NCD (RR, 1.79).11-1¢

among people >60years old, the risk of death was greater ~ This is consistent with our findings, where risk of death
among those with two or more NCDs (RR, 2.59) in was also greater in adults >60years old and those with
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two or more NCDs (RR, 24.1) vs those with one (RR,
14.3).

Regardless of age, adults with SARS-Cov-2 and co-
morbidities are at increased risk of death. Adults with SARS-
Cov-2 and COPD have a higher expression of the functional
receptor in the lower respiratory tract and this explains the
extent of damage and the increased risk of death in patients
with COPD and SARS-CoV-2.>” COPD combined with
CVD or CKD significantly increases the risk of death, due to
the systemic inflammatory response induced by hypoxia, as
well as the homeostatic imbalance caused by CKD.**>° The
combination of three NCDs with the highest CFR among
Mexicans was CVD+T2D+COPD. This combination is one
of the most common in adults worldwide*® and can be attrib-
uted to the fact that multiorgan failure is associated with ele-
vated plasminogen levels, leading to coronary thrombosis
and pulmonary embolism.’’ In general, we found that a
greater number of NCDs increases the CFR because it reflects
multiple-organ dysfunction, severity and worse prognosis.
32,33

We observe a triple interaction between the number of
NCDs, age and sex. In the group aged 20-29 years, the RR
of death when having at least three NCDs compared with
not having any NCDs was higher in women (RR, 46.6)
than in men (RR, 16.5), unlike that in the age group
>80years old, in which the RR was similar between
women (RR, 1.0) and men (RR, 1.2). The greater RR in
women aged 20-29years is explained by the low CFR
when they did not have any NCDs (women, 0.37%; men,
0.82%) and the higher CFR observed in women when they
presented with at least three NCDs (women, 16.9%; men,
12.9%). In the youngest age group (20-29 years), women
with at least NCDs had a higher CFR than men. This can
be explained because the youngest have risk behaviours
such as high alcohol and tobacco consumption that con-
tribute to the generation of NCDs at very early ages®* but,
in Mexico, these risk behaviours are more frequent in
women than in men.?*-*

We observed similar associations in other publications

_ 14-15_
13 37 However, our research

that use the same sources.
was an exhaustive analysis that focused on the effect of six
NCDs. This considers that they have a similar physiopa-
thology, based on expression of ACE2 and a deficient im-
mune system in diabetics that delays the phagocytic and
antibacterial activity of neutrophils and macrophages to-
gether with oxidative stress that also exacerbates the
chronic inflammatory processes.’”*® Thus, the smoking
variable was eliminated because we do not believe it cap-
tures the tobacco habit in a robust way, as proposed by in-
ternational expert recommendations.>’

In Mexico, the difference observed in the CFR by insti-

tution providing health services may be due to the type of

users treated (with formal employment or without employ-
ment, with different levels of poverty and different ages of
the beneficiaries). It could also be due to the limited mate-
rial and personnel infrastructure that local public institu-
tions have (less testing capacity, especially at the beginning
of the pandemic). In comparison, federal public institu-
tions and private institutions have more availability of
therapeutic supplies and intensive-care equipment. In our
study, the CFR was lower in private institutions and fede-
ral public institutions. To explain these differences in more
detail, a more comprehensive analysis is needed in the

40,41
future.”™

Limitations

We acknowledge that the main limitation of our study lies
within its design, considering it is an observational study.
This impedes us from making precise inferences or assum-
ing causal relationships. We lacked information on clinical
biomarkers at the time of registration to evaluate the base-
line health status of the patients with SARS-Cov-2. With
this information, we could have estimated, with less error
and/or confounders, the effect of NCDs on mortality from
SARS-Cov-2.

Another possible limitation is due to the data source,
which was compiled through the Ministry of Health
Epidemiologic Surveillance System and favours surveil-
lance of high-risk cases or specific risk factors. This
increases the probability of registering cases with severe
symptoms and under-representing cases with lower risk
who have moderate symptoms.

A third limitation of this study is that, to preserve the
confidentiality of participants, the database does not in-
clude the specific medical unit in which the patients re-
ceived care. It did not allow us to control for the specific
effect of each healthcare unit and the clustering of observa-
tions at the healthcare unit, which may affect mainly the
variance of our estimates.

A strength of our study is that it is the first to examine
the association between CFR and NCDs in SARS-Cov-2
patients by correcting for the institution of care in all data
of Mexican adults registered as SARS-Cov-2-positive. Our
findings are consistent with those of other publications
that state that NCDs increase mortality in SARS-Cov-2
cases. It therefore contributes to a better understanding of
the interaction between SARS-Cov-2 and pre-existing
NCDs.

Conclusion

We found that, among Mexican adults, mortality from
SARS-Cov-2 increases with the number of NCDs. The
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combination of diseases such as T2D, CKD, COPD and
CVD that were diagnosed in young people may mean that
Mexicans are exposed early to risk factors like alcohol and
tobacco intake, adiposity and poor diet, and in greater
magnitude. This accelerates disease onset and may explain
the higher mortality in young Mexicans. Our findings are
consistent with the scientific literature and contribute to
the understanding of these associations. More studies are
needed to understand the heterogeneity observed by mor-
tality and type of health institution. The evidence gener-
ated by this study can be useful for decision makers in the
health sector, at both population and clinical levels.
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