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Abstract

with PCC.

to estimate the associations.

Background There are limited population-representative data that describe the potential burden of Post-COVID
conditions (PCC) in Mexico. We estimated the prevalence of PCC overall and by sociodemographic characteristics
among a representative sample of adults previously diagnosed with COVID-19 in Mexico. We additionally, charac-
terized the PCC symptoms, and estimated the association between diagnosed type-2 diabetes and hypertension

Methods We used data from the 2021 National Health and Nutrition Survey in Mexico, a nationally and regionally
representative survey, from August 1st to October 31st, 2021. Using the WHO definition, we estimated the prevalence
of PCC by sociodemographics and prevalence of PCC symptoms. We fit multivariable log-binomial regression models

Results The prevalence of PCC was 37.0%. The most common persistent symptoms were fatigue (56.8%), myalgia

or arthralgia (47.5%), respiratory distress and dyspnea (42.7%), headache (34.0%), and cough (25.7%). The prevalence
was higher in older people, women, and individuals with low socioeconomic status. There was no significant associa-
tion between hypertension and PCC or diabetes and PCC prevalence.

Conclusions About one-third of the adult Mexican population who had COVID-19 in 2021 had Post-COVID condi-
tions. Our population-based estimates can help assess potential priorities for PCC-related health services, which
is critical in light of our weak health system and limited funding.
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Background

Four years after the COVID-19 pandemic first impacted
the world, the estimation of the long-lasting health effects
of the COVID-19 has received less attention, particularly
in low- and middle-income countries. For the general
public, the term Long COVID has emerged to broadly
describe the persistence of symptoms after first being
infected with SARS-CoV-2, regardless of severity. In sci-
entific communications, Post-COVID conditions (PCC)
being the preferred term. PCC is a multi-organ condition
that include pulmonary, hematologic, cardiovascular,
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neuropsychiatric, renal, endocrine, gastrointestinal/hepa-
tobiliary, and dermatologic affectations [1]. Although
there is no consensus about the definition of PCC, the
World Health Organization (WHO) describes that
post-COVID-19 condition is present if the persistence
of symptoms last for 12 weeks or more since the acute
infection [2]. Whilst the National Institute for Health
and Care Excellence (NICE) recognized a definition that
includes two categories, ongoing symptomatic COVID-
19 (from 4 to 12 weeks) and Post-COVID-19 syndrome
(more than 12 weeks), US Centers for Disease Control
and Prevention (CDC) define it as symptoms 4 or more
weeks after infection [3, 4].

To date, the lack of a standard case definition of PCC
and population-representative surveys has led to a wide
variety of estimates of the people potentially affected by
PCC. In United Kingdom, an estimated 3.1% of the gen-
eral population self-reported PCC four weeks after the
first confirmed or suspected COVID-19 infection as of
January 2023 [5]. In the United States, an estimated 6.0%
of US adults currently have symptoms of PCC lasting
3 months or more after infection during the two-week
study period ending June 2023 [6]. Recently a meta-
analysis summarized the data available and estimated
a pooled global prevalence of PCC among people diag-
nosed with COVID-19 of 43% [7]. However, nearly all
evidence has been obtained in the US, Europe, and Asia
and little is known of the COVID-19 long-term conse-
quences in Latin America [8]. Despite the heterogeneity
of the research studies, most of them identified a pat-
tern of similar symptoms, among which fatigue, dyspnea,
anxiety, myalgia or arthralgia, and concentration difficul-
ties stand out [9, 10]. The understanding of symptoms of
a new syndrome remains crucial to enhance recognition
and proper management of the cases.

Several studies have looked at the potential association
between comorbidities like diabetes and hypertension
and PCC [11-14]. Some literature points at a bidirec-
tional association [15, 16], for instance, while some stud-
ies show associations between pre-existing diabetes and
post-acute sequelae of COVID-19 [11, 17], other studies
show that diabetes should be considered as a post-acute
sequelae of COVID-19 [18, 19]. For hypertension, few
studies focused on the link between the presence of pre-
existing hypertension and PCC [20, 21]. Since hyperten-
sion and diabetes are two highly prevalent diseases in
Mexican adults (49.4% [22] and 15.7% [23], respectively),
understanding the association of having these conditions
and PCC is crucial to identify those patients who require
additional needs in clinical care and public health efforts.

Using data from the 2021 National Health and Nutri-
tion Survey in Mexico, we aimed to estimate the prev-
alence of PCC among adults previously diagnosed
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with COVID-19 according to sociodemographic char-
acteristics as well as to describe the most persistent
symptoms. We also aimed to estimate the association
between diagnosed type-2 diabetes and hypertension
with PCC. Since COVID-19 infections are still occur-
ring around the world, our findings might help to antic-
ipate the PCC burden and identify key groups at higher
risk.

Methods

Study design and population

The 2021 National Health and Nutrition Survey (Ensa-
nut) is a nationally representative survey conducted
from August 2021 to October 2021. The Ensanut has a
probabilistic, multistage, stratified, and clustered sam-
pling design, representative at the national, regional, and
rural/urban levels [24]. The Ensanut aimed to under-
stand the effects of the pandemic on health, besides the
frequency of health and nutrition conditions and their
determinants. From 16,747 selected households a total
of 12,060 households were surveyed, with 43,724 mem-
bers, resulting in a participation rate of 72.0%. The head
of the household answered a questionnaire applied by a
trained interviewer that included sociodemographic and
health status information about each household member.
A detailed description of the 2021 Ensanut survey can be
found on the Ensanut website [25].

From 43,724 eligible participants in the household
survey, 29,520 were adults aged 20 years and older. Our
study population comprised subjects aged 20 years and
older who according to the household member had been
diagnosed with COVID-19 since January 1st, 2021 to the
survey date which spanned from August 1st to October
31st, 2021 (n=1,747). Subjects were considered to have
had COVID-19 if they had been diagnosed with COVID-
19 by a health-care professional either by symptoms
or a positive SARS-CoV-2 test, according to the report
of the head of the household. We excluded individuals
who reported active COVID-19 at the time of the sur-
vey (n=16), and those who had been diagnosed with
COVID-19 within the last three months (n=_862). This
last exclusion criterion is necessary to correctly clas-
sify individuals according into three mutually exclusive
categories of the NICE definition, at least three months
had to have elapsed since the diagnosis of COVID-19.
That is, it could be the case that individuals with symp-
toms of less than 12 weeks could be classified as "ongoing
symptomatic COVID-19", but could progress to "post-
COVID-19 syndrome" if more than 3 months had elapsed
between COVID-19 diagnosis and the survey date. After
exclusions, 869 individuals remained in our analytical
sample (Fig. 1).
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Fig. 1 Flowchart of the study sample. Ensanut 2021

This study followed the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
reporting guideline for cross-sectional studies [26].

Outcome: Post-COVID conditions

We obtained the case definition as follows: First, we
identified those participants previously diagnosed with
COVID-19, using the question: “From January 2021 to
date, was (YOU/NAME) diagnosed with COVID-19
by any health personnel?”; Then, the participants who
responded affirmatively were asked about persistent
symptoms, through the question: “After you were dis-
charged or one month after your illness began, did you
continue to present any of these symptoms/sequelae?”
and interrogated the presence of the following symp-
toms: cough, fatigue, anxiety, depression, fever, insomnia,
kidney complications, hyporexia, weight loss, headache,
dizziness, myalgia or arthralgia, respiratory symptoms
(includes respiratory distress and dyspnea), chest pain,
vomit or diarrhea, anosmia, ageusia, trouble thinking or
concentrating, others.

As we mentioned below, different organizations have
established distinct case definitions for PCC, differing in
terms of how long the symptoms continue. We follow the
PCC definition proposed by the World Health Organiza-
tion, as the persistence of one or more symptoms after
three months of being diagnosed with COVID-19 [2].
We have adopted this definition because it was obtained
through a protocol-based methodology that included
patients, clinicians, and researchers from different eco-
nomic and social contexts, and is representative of low-
and middle-income countries.

Exposure: Chronic diseases

The presence of diagnosed diabetes and hypertension
was reported by the head of the household for all family
members, using the question: “Has (YOU/NAME) ever
been told by a physician that he/she have diabetes?” The
same question structure was used to assess the presence
of hypertension. As the household questionnaire does
not capture if the chronic diseases diagnosis were made
before or after COVID-19 diagnosis, we did an analysis in
a subsample that answered to the individual health ques-
tionnaire to know the percentage of those adults with a
chronic disease diagnosis (diabetes and hypertension)
before or after COVID-19 diagnosis. From this subsam-
ple (n=408), only 5.6% and 20.2% of adults reported hav-
ing a diabetes and a hypertension diagnosis, respectively,
after being diagnosed with COVID-19 (see Supplemen-
tary Table 1).

Sociodemographic characteristics

Individual level covariates included: sex, age (catego-
rized into 20-39, 40-59, 60 years and older), education
(elementary school or less, middle school, high school,
graduate or higher). Affiliation to social security insti-
tutions was based in the response on survey question
whether they are affiliated to a social security institu-
tion directly as part of their working status or as mem-
ber of their family (categorized into with and without
affiliation). Socioeconomic status was previously con-
structed using principal component analysis consider-
ing the household’ characteristics, ownership of a car,
number of goods, number of electric appliances and
services (running water) and then divided in tertiles
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(low, middle, high) [27]. Urbanization was defined
based on the number of inhabitants in the locality of
residence and was categorized as rural (<2,500 inhab-
itants), urban (2,500-100,000 inhabitants) and metro-
politan (> 100,000 inhabitants).

Statistical analysis

The overall weighted prevalence of PCC with 95% confi-
dence intervals (95% ClIs) was estimated by all sociodemo-
graphic characteristics. We also estimated the weighted
prevalence of PCC symptoms. To estimate the association
between chronic diseases —diabetes and hypertension—
and PCC, we fitted two separate multivariable log-binomial
regression models adjusted by sex and age with people
without PCC as reference. Covariates were selected using
Directed Acyclic Graphs and variables were included from
the minimal sufficient adjustment sets for estimating the
total effect of chronic diseases on PCC. We chose the log-
binomial regression approach due to our non-rare outcome
(prevalence>10%) and the model produces an unbiased
estimate [28, 29]. The final models were checked for viola-
tions from the model assumptions. We reported adjusted
prevalence ratios (aPR) with 95% CIs and P values.

We ran a secondary analysis exploring the prevalence
of long-term effects of COVID-19 according to the
NICE guidelines [3]. We created three categories “none’,
“Ongoing symptomatic COVID-19” if the symptoms per-
sisted between one month and three months; and “Post-
COVID-19 syndrome” if the symptoms persisted more
than three months. Then, we estimated the prevalence
with a time frame of 4-12 weeks and > 12 weeks, and by
all sociodemographic characteristics. We also estimated
the prevalence of each symptom in each category of the
two-time frames defined. We fitted multivariable log-
binomial regression models to estimate the association
between chronic diseases and each time frame.

All the estimators considered the complex survey
design (weights, strata, clusters) using the svy command
in STATA software package version 17 (Stata Corp, Col-
lege Station, Texas, USA), and 2-sided P values<0.05
were considered statistically significant. The analytic
script (Do-file) for the statistical analysis is reported in
the Supplementary Document 1.

Ethics statement

The Ensanut 2021 study was reviewed and approved by
the Institutional Review Board of the National Institute
of Public Health of Mexico; written informed consent
was obtained from participants.
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Results

In this study we included 869 adults who reported hav-
ing had COVID-19 diagnosis between January 1st to
October 31st 2021. Table 1 presents the prevalence
and population estimates of PCC among people who
reported having had COVID-19 by sociodemographic
characteristics. Overall, an estimated 939,679 individu-
als experienced PCC (37.0%; 95%CI, 32.7-41.5) during
2021. Although no significant differences were observed
by sociodemographic characteristics, women were
more likely than men to report PCC (41.7% [95%CI,
36.8, 46.8] vs 31.4% [95%CI, 25.4, 38.1]). The prevalence
of PCC was greater with increased age, from 33.4%
(95% CI, 27.6-39.9) in the 20-39 age group to 42.5%
(95% CI, 31.2-54.6) in the 60 and older age group. Also,
we found higher prevalence of PCC in people living
in rural areas (48.8%; 95% CI, 37.9-59.8), those with-
out affiliation to social security (40.4%; 95% CI, 34.5—
46.5), and with middle school education (42.0%; 95%CI,
34.7-49.6). We found that PCC prevalence decreased
as socioeconomic level increased, from 49.9% (95% CI,
40.0-59.8) in the low level to 33.0% (95% CI, 26.2—-40.5)
in the high level. Regarding chronic diseases, individu-
als with diabetes, or hypertension were more likely to
report PCC than individuals without these conditions,
respectively. We estimated the prevalence of long-term
effects of COVID-19 by two additional time frames
(4-12 weeks and > 12 weeks) and by sociodemographic
characteristics (see Supplementary Table 2).

Figure 2 shows the prevalence of individual symp-
toms of PCC. Among individuals with PCC the most
common symptoms were fatigue (56.8%; 95% CI, 49.6—
63.7), myalgia or arthralgia (47.5%; 95%CI, 40.3-54.7),
respiratory symptoms (includes respiratory distress and
dyspnea) (42.7%; 95%CI, 35.6-50.1), headache (34.0%;
95% CI, 27.1-41.7), and cough (25.7%; 95% CI, 19.1-
33.6). We estimated the prevalence of individual symp-
toms by two-time frames of the long-term effects of
COVID-19 according to NICE guidelines (4—12 weeks
and > 12 weeks) (see Supplementary Fig. 1).

Table 2 shows the results from multivariable analysis
on the association between diabetes and hypertension
with PCC. There was no significant association between
hypertension and PCC (PR=1.29; 95%CI, 0.95-1.76) or
diabetes and PCC prevalence (PR=1.11; 95% CI, 0.84—
1.47). Lastly, the results from secondary analyses that
assessed the association between chronic diseases and
the long-term effects of COVID-19 by two-time frames
(4-12 weeks and > 12 weeks) showed similar results to
the main models (see Supplementary Table 3 and Sup-
plementary Table 4).
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Table 1 Prevalence of Post-COVID conditions in Mexican adults diagnosed with COVID-19 during 2021. Ensanut 2021

Adults diagnosed with COVID-19

Post-COVID conditions

Sample size unweighted No Weighted No. (millions)? % 95%Cl

Total 869 2.5 37.0 32.7,415
Sex

Male 381 1.2 314 254,38.1

Female 488 14 417 36.8,46.8
Age (years)

20-39 338 1.1 334 276,399

40-59 360 1.0 382 315,454

60 and older 171 0.5 42.5 31.2,54.6
Urbanization (population)

Rural (< 2,500 inhabitants) 96 03 488 379,598

Urban (2,500-100,000 inhabitants) 264 0.7 34.8 26.5,44.1

Metropolitan (> 100,000 inhabitants) 509 1.6 36.0 306,417
Social security

With affiliation 470 14 344 28.5,40.8

Without affiliation 399 1.1 404 34.5,46.5
Socioeconomic level

Low 162 04 49.9 40.0,59.8

Medium 296 0.8 369 29.9,44.6

High 411 13 33.0 26.2,40.5
Education

Elementary school 189 0.5 33.1 254,418

Middle school 225 0.6 420 34.7,49.6

High school 251 0.8 39.7 32.0,48.1

University or higher 204 0.7 322 242,413
Comorbidities
Diabetes

No 745 22 358 31.6,40.2

Yes 124 04 43.7 305,579
Hypertension

No 689 2.1 34.5 30.1,39.1

Yes 180 0.5 47.7 374,582

Abbreviations: 95% Cl95% confidence interval

2 Weighted No. (millions) represents the expanded sample size of adults diagnosed with COVID-19

Discussion

Our findings suggest that 37.0% of the adult population in
Mexico reported persistence of any symptoms 12 weeks
after a COVID-19 diagnosis between January 2021 and
October 2021. The most common persistent symptom
among individuals with PCC for>12 weeks was fatigue,
followed by myalgia or arthralgia, respiratory symptoms
(includes respiratory distress and dyspnea), headache,
and cough. We found that people with physician-diag-
nosed hypertension might had a higher prevalence of
PCC in comparison with people who did not report hav-
ing the disease, although this association was not statisti-
cally significant.

The PCC prevalence in our study was similar to a pre-
vious meta-analysis of different regions of the world
[7, 30-32]. The global estimated pooled prevalence of
PCC by number of days after COVID-19 diagnosis was
37%, 25%, 32% and 49% for 30, 60, 90, and 120 days,
respectively [7]. Another pooled estimates of PCC,
mainly from high-income countries was 63.2%, 71.9%
and 45.9% at 30, 60 or >90 days after COVID-19 onset
[32]. In Mexico, a study in 2020 reported a prevalence
of COVID-19 sequelae of 15.8%, but this was based on
a population that tested seropositive for SARS-CoV-2
without information on the type and duration of symp-
toms [33].
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Fig. 2 Prevalence of Post-COVID conditions symptoms in Mexican adults diagnosed with COVID-19 in 2021. Ensanut 2021

Respiratory symptoms include respiratory distress and dyspnea

Table 2 Association between diabetes and hypertension with
Post-COVID conditions in Mexican adults diagnosed with COVID-
191in 2021

Post-COVID conditions?

Yes vs no
Prevalence ratio 95% Cl P value
Diabetes®
No 1 [Reference] NA NA
Yes .11 0.84,1.47 0452
Hypertension®
No 1 [Reference] NA NA
Yes 1.29 0.95,1.76 0.098

Abbreviations: 95% Cl 95% Confidence Interval, NA not applicable
Number of observations =869

2 Log-binomial regression models adjusted for sex and age. Participants without
Post-COVID conditions was used as reference

b Chronic diseases were reported by the head of the household for all family
members

Our results on most prevalent PCC symptoms are sim-
ilar to other countries. A meta-analysis reported that the
most common symptoms between 3 and <6 months were
fatigue, dyspnea, sleep disorders, and concentration dif-
ficulty [10]. Another systematic review and meta-analysis

reported that the most prevalent symptoms at one-year
follow-up were fatigue/weakness (28%), dyspnea (18%),
arthromyalgia (26%), depression (23%), anxiety (22%),
and memory loss (19%), concentration difficulties (18%),
and insomnia (12%) [9]. Other studies also reported
fatigue as the prevalent symptom in individuals with
Post-COVID [1, 7, 30-32, 34, 35], similar to our results.
Something that stands out is that the presence of these
symptoms can lead to a loss of productivity and adversely
affect the employment and the household finances
of people who suffer from it. Indeed, a recent study
reported that the presence of any cognitive symptoms
among those with PCC, reduce the likelihood of work-
ing fulltime [36]. From the health system perspective, the
recognition of symptoms may help healthcare providers
and planners to develop strategies to ameliorate such
symptoms and facilitate functional recovery.

In our study we found that individuals with diagnosed
hypertension had a higher prevalence of PCC, although
the association was not significant, perhaps due to fac-
tors described below in the limitations. For hypertension,
prior studies found that pre-existing hypertension was
a predictor for PCC in COVID-19 hospitalized patients
4 months after discharge [20], and 12 months after dis-
charged [21]. Hypertension is known as a cause of
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endothelial dysfunction [37] and a higher risk of COVID-
19 severe outcomes through this mechanism [38]; hence,
the higher PCC prevalence could be a consequence of a
higher COVID-19 severe outcomes. For diabetes, a mul-
ticenter case control study in Madrid, also found no asso-
ciation between pre-existing type-2 diabetes and PCC, in
line with our study [39].

Interestingly, we observed that individuals in the low
socioeconomic level had a higher prevalence of PCC
than those in the high socioeconomic level (49.9% vs
33.0%). Evidence from the UK has shown similar results.
A community-based longitudinal survey of COVID-
19 in UK shows that participants in the most socioeco-
nomically deprived deciles had a 45% higher risk of PCC
[40]. Another study showed an increased risk of PCC in
socioeconomically deprived participants [41]. A study
from Brazil found that lower socioeconomic position was
associated with increased post-COVID syndrome, spe-
cifically with dyspnea, increased fatigue, and worse func-
tional status symptoms [42]. To date, there is no clear
explanation for the role of socioeconomic inequalities in
PCC. However, some hypotheses suggest that poor work-
ing, housing conditions and unhealthier lifestyle behavior
among most deprived populations can lead to a higher
likelihood to develop PCC [40, 43] Likewise, it would also
be interesting to explore how the difficulties that people
with lower socioeconomic status frequently encounter
in accessing healthcare and taking care of themselves
due to COVID-19 contribute to the rise in PCC in this
subgroup.

Our study has some important limitations. First, the
head of the household reported the presence of COVID-
19 symptoms and their duration, as well as the diagnosis
of chronic diseases of each house member, which could
lead to both exposure and outcome misclassification. We
quantify the validity of the chronic diseases reporting by
the head of the household using the sensitivity and speci-
ficity of these data as compared with the self-reported
of chronic diseases of a subsample of our population;
for diabetes diagnosis we found a sensitivity of 94.4%
and specificity of 97.7%, for hypertension the sensitiv-
ity was 83.1% and a specificity of 96.6% (see Supplemen-
tary Table 5, Supplementary Table 6, and Supplementary
Table 7). However, we did not conduct a sensitivity analy-
sis comparing data in which the diagnosis was confirmed
by a positive SARS-CoV-2 test with symptomatic diagno-
sis by health care workers for two reasons: both the CDC
and WHO have stated that a SARS-CoV-2 test (PCR,
antigen, or antibody) is not required to establish a PCC
diagnosis [2, 4]. More importantly, because we wanted to
assess the prevalence of PCC and its symptoms in a gen-
eral population, limiting our sample to those with a con-
firmed diagnosis confirmed by a positive SARS-CoV-2
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test could result in selection bias, as only 15.1% of the
population reported testing for SARS-CoV-2, according
to the Ensanut 2021 report [27]. As a result, the popula-
tion that sought and received COVID-19 testing may dif-
fer in terms of sociodemographics.

Second, the survey collected information about the last
COVID-19 infection from January 2021 to the time of the
survey (October 2021), hence, we are not capturing the
cumulative number of cases of PCC originated from prior
infections. Additionally, we are excluding respondents
whose most recent SARS-CoV-2 infection was within the
past three months to have enough time to meet the PCC
definition (> 12 weeks). However, some of these respond-
ents may have had PCC from an earlier infection, which
would result in an underestimation of the current preva-
lence of PCC. Third, our analysis is based on those peo-
ple who reported having had COVID-19 diagnosed by a
health-care professional either by symptoms or a positive
SARS-CoV-2 test. This would underestimate the number
of people infected with SARS-CoV-2 who did not seek
medical attention, both asymptomatic and symptomatic,
resulting in a possible selection bias that yield to an over-
estimation of the PCC prevalence. Fourth, given the
cross-sectional nature of the study, we cannot establish
a causal association between chronic diseases and PCC.
Also, we were not able to distinguish whether diabetes
and hypertension diagnoses preceded COVID-19 diag-
nosis or followed it; however, in a subsample, the small
proportion of adults reported having a diabetes diag-
nosis (5.6%) and a hypertension diagnosis (20.2%) after
being diagnosed with COVID-19 might no impact on
the estimates of our models (see Supplementary Table 1).
Additionally, chronic diseases only considered diag-
nosed conditions, and a large proportion of the popula-
tion with diabetes and hypertension are unaware of their
status [22, 23], which represents an important source of
misclassification of true exposure. In this case, we expect
that this misclassification is non-differential and then
biasing the estimates of the associations towards the
null. Another limitation is regarding residual confound-
ing since we cannot rule out confounding by unmeasured
variables. Despite limitations, this study fills an impor-
tant gap for the international and Mexican communities,
as the results provide assessment of the burden of PCC
and across different sociodemographic factors that could
help to understand the public health burden and clinical
needs of PCC.

Conclusion

In summary, we found that 4 out of 10 participants who
were diagnosed with COVID-19 from January 2021
to October 2021, experienced persistent symptoms
12 weeks after COVID-19 diagnosis. Beyond COVID-19



Ramirez-Toscano et al. BMC Public Health (2024) 24:1729

prevention, it is important that public health interven-
tions also recognize PCC as a priority issue, from clinical
identification to the provision of resources for care. Inter-
ventions to prevent COVID-19 infection must address
inequalities in PCC by age, sex, and socioeconomic sta-
tus. Our population-based estimates can help assess
potential priorities for PCC-related health services,
which is critical in light of our weak health system and
limited funding.

Disclaimer
The findings and conclusions in this report are those of
the author(s) and do not necessarily represent the official
position of the Centers for Disease Control and Preven-
tion (CDC).
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