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ABSTRACT

Objectives We aim to quantify shifts in hospitalisation
and mortality and how those were related to the first three
phases of the epidemic and individuals’ demographics and
health profile among those with a positive test for SARS-
CoV-2 treated at the Mexican Social Security Institute’s
facilities from March 2020 to October 2021.

Design Retrospective observational study using
interrupted time series analysis to identify changes

in hospitalisation rate and case fatality rate (CFR) by
epidemic wave.

Setting Data from the Mexican Institute of Social
Security’s (IMSS) Online Influenza Epidemiological
Surveillance System (SINOLAVE) that include all individuals
that sought care at IMSS facilities all over Mexico.
Participants All individuals included in the SINOLAVE with
a positive PCR or rapid test for SARS-CoV-2.

Primary and secondary outcome measures Monthly
test positivity rates, hospitalisation rates, CFRs and
prevalence of relevant comorbidities by age group.
Results From March 2020 to October 2021, the CFR
declined between 1% and 3.5%; the declines were
significant for those 0-9, 20-29, 30-39, 40-49 and 70
and older. The decline was steep during the first wave

and was less steep or was temporarily reversed at the
beginning of the second and third waves (changes in

the trend of about 0.3% and 3.8%, and between 0.7%
and 3.8%, respectively, for some age groups), but then
continued to the end of the analytical period. Prevalence
of diabetes, hypertension and obesity among patients
testing positive also declined—two for most age groups
(reductions of up to 10 percentage points for diabetes, 12
percentage points for hypertension and 19 percentage
points for obesity).

Conclusion Data suggest that the decrease in COVID-19
fatality rate is at least partially explained by a change

in the profile of those contracting the disease, that is, a
falling proportion of individuals with comorbidities across
all age groups.

INTRODUCTION
By 31 October 2021, there have been 3.72
million officially reported cases of COVID-19

," Daniel Lépez,? Ivan Ascencio,® Arturo Juarez,’
4,5,6

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study analyses a very large data set (1.5 mil-
lion) that included all individuals with a positive test
for SARS-CoV-2 at the Mexican Institute of Social
Security from March 2020 to October 2021, captur-
ing three different epidemic waves.

= The data comprise about 40% of all confirmed
COVID-19 reported in Mexico during the time frame.

= Interrupted time series analysis permits comparison
of discrete time periods to examine the significance
of the association of changes with different epidem-
ic waves.

= Data quality was variable and could not be verified;
the comorbidity data were self-reported and could
not be validated against the patients’ medical re-
cord. Administrative data were provided for analysis
as it is, without control on what variables are includ-
ed and how those were defined.

in Mexico, and 282000 deaths, with three
peaks in number of cases: July 2020, January
2021 and August 2021. Excess mortality esti-
mates suggest a total of 326000 additional
deaths, a 45.1% excess.! In keeping with the
trends in other countries, these three waves
of the pandemic in Mexico have had very
different case mortality rates.

The burden of the pandemic in the country
has been of a magnitude such that COVID-19
was the second most common cause of death
in Mexico in 2020, representing 18% of all
deaths.” For 2021, preliminary estimates for
January to June indicate that COVID-19 was
the leading cause of mortality, representing
25% of all deaths.”

During 2020, the crude rate of excess
mortality for all causes in Mexico was 340.6
per hundred thousand males and 181.6 per
hundred thousand females,1 * that is, higher
for males than 29 other countries that were
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included in a recent analysis by Islam et al where the
highest rate was 285; for females Mexico was second
highest.”

Previous analysis based on data from the first wave indi-
cated an increase in hospitalisation and risk of death for
individuals with comorbidities (diabetes, hypertension
and obesity), as well as for individuals living in munici-
palities with a high proportion of the population living
in poverty.””

The reported number of cases peaked first during the
summer of 2020 (first wave), then in winter of 2020-2021
(second wave), and then in the summer of 2021 (third
wave) which reached a level higher than the two previous
waves. The fourth wave during the winter of 2021-2022
set another record for daily cases. The number of daily
deaths reached its highest point during the second wave.”

We examine the evolution of cases, deaths and the case
fatality rate (CFR) and the evolution of vaccination and
comorbidity patterns among diagnosed cases. Countries
have reported declining CFRs associated with improved
clinical management of severe cases as well as with
vaccination. By analysing the mortality and comorbidity
trends, we describe changes in the profile of the affected
population during the period analysed.

This study analyses the patterns of the COVID-19
pandemic in Mexico over time, specifically the evolution
of the profile of infected individuals, aiming to quan-
tify shifts in hospitalisation and mortality and how these
changes were related to the epidemic curve and individ-
uals’ demographics and health profiles.

METHODS

This is an observational retrospective study based on
data collected by the Mexican Institute of Social Secu-
rity (IMSS, its acronym in Spanish) of all suspected
COVID-19 cases screened at its facilities from March 2020
to October 2021. While the IMSS provides health services
for individuals working in the formal private sector and
their relatives, during the pandemic, IMSS facilities were
opened to all individuals seeking care for COVID-like
symptoms. Overall, about half of individuals with COVID-
like symptoms who sought care in the country attended
IMSS facilities, the remainder attended other public or
private facilities.

We analysed data from the Online Influenza Epidemi-
ological Surveillance System (SINOLAVE), an electronic
platform developed at the IMSS for influenza surveil-
lance and adapted for SARS-CoV-2 surveillance in early
2020. A detailed description of the data is available else-
where.'” The SINOLAVE platform includes all individuals
for whom the IMSS provided healthcare, including IMSS
beneficiaries and non-beneficiaries who also sometimes
received care related to COVID-19 at IMSS healthcare
facilities.

SINOLAVE includes basic sociodemographic charac-
teristics of each individual, self-reported comorbidities,
date of symptoms onset, reported symptoms, date of

testing (if any), test result and outcome (never hospi-
talised survived, never hospitalised death, hospitalised
survived, hospitalised death, admitted to intensive care
unit). For this analysis, we included all individuals with
a positive SARS-CoV-2 test result from either a PCR or a
rapid test.

We have no way to estimate how many patients were
suspected of COVID-19 but were not entered into the
SINOLAVE system. For those patients for whom we have
records, there are virtually no missing data regarding
general demographics and signs and symptoms at presen-
tation. Similarly, because of our ability to link to the
mortality database, we believe that the data have almost
no missing data on mortality. The data on comorbidities
(diabetes, hypertension and obesity) have missing data
for less than 0.5% of the population and thus we do not
believe it is significantly affecting our estimates of the
prevalence of each condition by age group/month. We
have no estimate of the degree of underreporting of
comorbidities. Hospitalisation and death rates grouped
by month and age group were used to characterise the
pandemic. Each age group represents a 10-year interval
between 0 and 80, with a ninth group of everyone older
than 80. In addition, self-reported prevalence of diabetes,
hypertension and obesity was also calculated by month
and age group.

To categorise the distinct waves of the pandemic, we
defined September 2020 as the start of the second wave
and May 2021 as the start of the third wave.

Statistical analysis

The SINOLAVE data for sex, age, hospitalisation, death,
diabetes, hypertension, obesity and vaccination among
those with a positive PCR or rapid test, and positivity
among suspected cases with PCR or rapid test result, were
aggregated with listwise deletion by age group and month
(March 2020 to October 2021) to describe the pattern of
these variables over time.

In addition, we implemented interrupted time series
analysis (ITSA) to estimate changes in levels and trends
related to the three pandemic waves in the country,
adjusting by average age, sex, vaccination status, comor-
bidities and positivity rate for each age group.

We implemented the ITSA using the generalised least
squares method under the assumption of a first-order
autoregressive process. We report Newey-West standard
errors assuming heteroscedasticity. We also tested the
serial correlation to verify this assumption using the
Cumby-Huizinga general test for autocorrelation with the
actest command with six lags in Stata with robust errors,ll
which holds for all age groups.

We implemented the analysis using the ITSA command
in Stata V.16.1." 1*

Patient and public involvement
No patients and no members of the public were involved
in the research.
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by age group and month. Source: authors’ analysis of IMSS Online Influenza Epidemiological Surveillance System (SINOLAVE).

RESULTS
Overall (all age groups weighted by the number of
individuals), from March 2020 to September 2020, the
percentage of males among individuals with COVID-19
decreased from 57% to 50% and remained around 50%
up to the end of the analytical period (October 2021).
It was below 50% for those 40-49, 50-59 and 60—69 and
those age groups also experienced a more pronounced
decrease on the share of males over the period (figure 1).
The average age of those with COVID-19 decreased from
45 years in March 2020 to 35 years in July 2021, when it
increased again to almost 38 years by October 2021 (see
online supplemental table 1). As shown in figure 1, the
share of individuals in the younger groups increased over
time and this is particularly pronounced during the third
peak of the pandemic in Mexico in the summer of 2021.
The positivity rate (percentage of individuals with a
positive result in either a PCR or a rapid test)—excluding
March 2020—ranged from a high 60% in July 2020 to
a low 21% in April 2021. During the 20 months of the
period of analysis, positivity was above 50% in 8 months.

Percentage Positive Among COVID-19 Tested

Percentage
Percentage

L AL oA

Percentage Hospitalized Among COVID-19 Positives

In all months, the rate was above the 5% that WHO!"
recommends as the benchmark indicating an adequate
level of testing (figure 2).

The positivity rate in figure 2A shows that there is a
common pattern across the age groups: relatively stable
from March 2020 to January 2021 followed by a rapid
decrease until May 2021, a resurgence from June 2021
to September 2021 with sharply falling levels through
October. Positivity also seems related to age, as older
groups have higher levels across the period.

In figure 2B, the hospitalisation rate has a decreasing
pattern in the analytical period, going from 49.7% of all
positives in April 2020 to 9.0% in August 2021, and then
increased in September 2021 to 9.8%, with the same rate
in October 2021 (figure 2; online supplemental table 1).

By age group, the decline in hospitalisation rates is
more pronounced for those 50 and younger, while for
older individuals the rates remained relatively high until
early 2021. For those 80 and older, the hospitalisation rate
started at about 80% and it was about 70% by the end of
the period (figure 2B).
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Figure 2 COVID-19-positive individuals treated at Mexican Institute of Social Security (IMSS): (A) positivity rate, (B)
hospitalisation rate and (C) case fatality rate by age group and month. Source: authors’ analysis of IMSS Online Influenza

Epidemiological Surveillance System (SINOLAVE).
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Figure 3 COVID-19-positive individuals treated at Mexican Institute of Social Security (IMSS): prevalence of comorbidities by
age group and month. Source: authors’ analysis of IMSS Online Influenza Epidemiological Surveillance System (SINOLAVE).

The CFR decreased overall from 21.8% in March 2020
or 24.9% in April 2020 to 12.8% in September 2020. The
overall trend then increases to a second peak in December
(16.7%), which declines to its nadir in June 2021, 4.2%.
Since then, rates have increased to 6.9% in October 2021
(figure 2C; online supplemental table 1).

The CFR in figure 2C also indicates a similar pattern
for all age groups, with higher levels at the start of
the pandemic that then went down to peak again in
December 2020—although at lower levels than in the
initial months—reaching a plateau between May 2021
and September 2021 when it starts to increase again. As
with the positivity, CFR is higher for older individuals,
with a large difference beginning at 50 years compared
with younger individuals. The CFR in figure 2C shows a
common pattern across ages but with attenuated resur-
gences at younger ages to the point that there is no second
resurgence but rather stabilisation at the youngest ages.

The prevalence of the three analysed comorbidities
(figure 3) among newly diagnosed cases also decreased
significantly over the period of observation but without
any resurgence between September and December
2020 (unlike the CFR). By October 2021, the levels were
about half of those observed at the initial months of the
pandemic. There appears to be a new increase among
the older age groups from August 2021 through October
2021.

The prevalence of diabetes among those less than 20
years of age with COVID-19 is close to zero throughout the
months of observation. Prevalence increases dramatically
with age, peaking among 70-79year-olds, before falling
again among the 80+ year-olds. There is a common trend
for all groups 20+, with decreasing prevalence until June
to July 2021 followed by plateauing among the younger
groups and a resurgence among older ones.

The decline in the prevalence of obesity among those
individuals with COVID-19 is striking, with the later levels
being almost half of the initial levels (even discarding the
first month of observation). As with diabetes, prevalence
increases with age, but less so. While the ratio between the
groups with the highest to lowest prevalence among adults

is as high as eightfold, for obesity it is closer to twofold. Also
similar to diabetes, the last 3—4 months show a plateauing
among the younger groups and an increase among the older
groups, but less of a change that with diabetes.

The pattern for hypertension mirrors that for diabetes
with an even greater increase by age group. Prevalence
among the highest prevalence groups is almost 15-fold
that of the 20-29year-olds.

By October 2021, 25% of those individuals who
tested positive for COVID-19 were fully vaccinated (had
completed doses at least 15 days before the onset of
symptoms) (online supplemental figure 1; online supple-
mental table 1).

Interrupted time series analysis
As shown in figure 4, controlling for comorbidities
(diabetes, hypertension and obesity), age, sex, posi-
tivity rate and vaccination status (at least one dose of a
COVID-19 vaccine), the hospitalisation rate has declined
comparing wave 1 with the end of the analytical period
for all age groups. The negative trend was significant
(0.05) for those 20-29 (2.45 percentage points), 30-39
(2.37 percentage points), 40-49 (4.69 percentage
points), 70-79 (3.63 percentage points) and 80+ years
(2.48 percentage points) (online supplemental table 2).

The rate increased at the beginning of waves 2 and 3,
particularly for those aged 40 years and more so for older
individuals.

The transition from wave 1 to wave 2 is associated with
a positive change in level for all age groups but the coef-
ficients are only statistically significant for those 80+ (5.41
percentage points). The change in trend is also positive
for most age groups and significant for those 20-29 (2.27
percentage points), 30-39 (2.86 percentage points),
70-79 (4.93 percentage points) and 80+ years (2.49
percentage points) (online supplemental table 2).

Finally, the transition from wave 2 to wave 3 is associated
with a negative change in level for most age groups but
the coefficients are only significant for those 60-69 (12.58
percentage points) and 70-79 years (15.26 percentage
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(SINOLAVE).

points). There are no significant changes in the trends at
the start of wave 3 (online supplemental table 2).

In figure 5, the results for the ITSA models with the
CFR are shown. As with hospitalisation, there is a negative
trend for all age groups across the analytical period, with
increases at the beginning of waves 2 and 3. The negative
trend in the CFR starting at wave 1 is significant for those 0-9
(2.6 percentage points), 20-29 (0.34 percentage points),
30-39 (0.86 percentage points), 40—49 (2.77 percentage
points), 70-79 (4.75 percentage points) and 80+ years (4.08
percentage points) (online supplemental table 3).

At the start of wave 2, there is an increase in level for the
CFR for mostage groups, which is significant only for those
0-9 (2.93 percentage points), 70-79 (6.68 percentage
points) and 80+ years (8.37 percentage points). There is
a positive change in the trend in all age groups, which is
significant for those 0-9 (2.77 percentage points), 20-29
(3.5 percentage points), 30-39 (1.1 percentage points),
40-49 (2.91 percentage points), 70-79 (6.88 percentage
points) and 80+ years (4.63 percentage points) (online
supplemental table 3).

At the start of wave 3, there is a negative and signifi-
cant change in the level of CFR for those 70-79 of -12.08

percentage points. There is a positive and significant
change in the trend for those 70-79 (-3.14 percentage
points) (online supplemental table 3).

Vaccination started late in the period of observation,
with only adults over 60 reaching 30% vaccinated by the
end of the period. Even among the elderly, vaccination
was only available for the third wave, rendering the ques-
tion of changes in level and slope at the wave transitions
moot. Among those 30-39, vaccination was significantly
associated with reduced lethality but not hospitalisation
(online supplemental table 3).

The prevalence of hypertension was positively related
to hospitalisation among those 20-29 and 80+ (online
supplemental table 3).

The positivity rate was positively related to lethality
among those 70-79 and those 80 and above (online
supplemental table 3).

DISCUSSION

The overall pattern of the COVID-19 pandemic in Mexico
shows a negative trend in hospitalisation and mortality
rates among those infected for all age groups comparing
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Source: authors’ analysis of Mexican Institute of Social Security (IMSS) Online Influenza Epidemiological Surveillance System

(SINOLAVE).

March 2020 with October 2021. That overall decline,
however, conceals an increase and then decrease in both
hospitalisation and mortality rates in the second wave
and another increase at the start of the third wave that
had yet to peak as of October 2021. This pattern is not
especially surprising—and it is consistent with patterns
in other countries both in terms of decreasing CFR over
time and seasonal peaks'’—and could be explained by a
combination of limitations in both availability of testing
(biasing testing towards more severe cases during surges)
and limitations in availability of health services (reducing
access to care and/or quality of care for those infected
during surges). Far more surprising, the prevalence of
the principal comorbidities—diabetes, hypertension
and obesity—among those hospitalised or dying from
COVID-19 also declined significantly during the period
of observation without a clear relationship to changes in
waves, suggesting that the presence of these comorbid-
ities was not driving the increases in hospitalisations or
mortality rate during the surges as others have suggested.'®

Mexico had one of the lowest testing rates and highest
test positivity rates in the world for the first wave.

Increased availability of testing, increased testing rates
and decreased test positivity (with temporary increases at
the start of the second and third waves) occurred over
time as testing capacity increased and rapid tests entered
the market.'” This change over time in the proportion of
suspected cases tested, if the probability of being tested
was associated with presence of comorbidities, might help
explain the declining prevalence of comorbidities, espe-
cially from the first to the second wave.

The observed parallel trends on mortality and comor-
bidities suggest that the decrease in the severity of the
disease is likely to be at least partially due to the fact that
the profile of those affected by COVID-19 has evolved
over time with those being infected having a progressively
lower prevalence of comorbidities (as opposed to just
because more people without comorbidities are being
tested). This trend is seen across almost all age groups for
the three conditions and thus is not due to a change in
the age profile of infection over time.

It is not apparent why individuals affected by COVID-19
during the latest waves appear to be healthier than those
affected in the initial waves. As in other countries, people
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who work in frontline jobs with limited access to personal
protection equipment® or who live in high-density
housing' ** and are more likely to be exposed to SARS-
CoV-2 may also be more likely to be living with one of these
three comorbidities. If true, the observed trend could be
related to saturation of the most susceptible individuals over
time. An alternative hypothesis is that people with comor-
bidities were more susceptible to infection and thus were
more likely to be infected earlier in the pandemic. Both
hypotheses warrant further analyses, and have been previ-
ously proposed as a harvesting effect, that is, a reduction in
mortality because those at greatest risk of severe disease were
more likely to be infected early. However, it is not obvious
that this was an important factor. Other work suggests that
age is the most important risk factor (and is correlated with
the most important comorbidities) and significant efforts
were made in Mexico to reduce exposure for older adults.
They were not the most likely to be working in the highest
risk frontline jobs (such as working in the central market).”!

A potential harvesting effect could also be socially deter-
mined; previous studies of the IMSS population have
proposed a link between income and lethality, suggesting
that once controlling for several factors—including comor-
bidities—those in the lowest income decile are more likely to
die if they are COVID-19 positive compared with those in the
top income decile.”” To the extent that lower income deciles
were less able to protect themselves from infection and are
more likely to be affected by comorbidities'™ ™ ** then a shift
in the socioeconomic profile of those infected over time
could help explain the shift in comorbidities and the shift in
CFR (the latter both because of the direct effect of poverty
and the indirect effect mediated through comorbidities).

The majority of the decline in severity occurred prior
to the initiation of vaccination, which occurred in Mexico
for non-health professionals in February 2021 for those 60
years and older.** Once vaccination began, it seems to have
contributed to further reduction in severity among those
vaccinated.

The main limitation of our observational analysis
is that by using an administrative data set, we had no
control over the procedures to collect, integrate or vali-
date the included variables. We were not able to vali-
date the quality of the data against other data sets in the
IMSS. Also, because our results only reflect individuals
in Mexico who sought care for COVID-like symptoms at
IMSS facilities, they may not reflect the patterns in the
rest of the Mexican population or similar populations in
other countries. Finally, comorbidities among individ-
uals with SARS-CoV-2 were self-reported and would not
include individuals without previous knowledge of their
condition (or who chose not to report). However, there
is no indication that such under-reporting would change
over time and thus change the relative results.

CONGLUSION
In Mexico, in a similar trend to other countries, the CFR
and hospitalisation rate for COVID-19 had a negative

trend from March 2021 to October 2021, an indication
of decreasing severity of the condition for all age groups.
During the same period, the proportion of COVID-19-
positive individuals with diabetes, hypertension and
obesity also decreased dramatically, suggesting ongoing
changes in the impact on those infected and in the profile
of who is infected.
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