Population-based Estimates for High Risk of Severe
COVID-19 Disease due to Age and Underlying Health
Conditions
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ABSTRACT
Introduction: COVID-19 is a viral respiratory disease, which became a global threat to public health. Specific subsets of the population
are more vulnerable, namely those with chronic diseases. We aimed to estimate the share of the Portuguese population at the highest
risk for complications following COVID-19 infection due to both old age and specific comorbidities.
Material and Methods: Our sample included all people aged 65 years and above (2215 men and 3486 women) who participated in
the fifth Portuguese National Health Interview Survey, conducted in 2014. In order to project the potential population at highest risk for
COVID-19, we used the latest available official demographic estimates from the National Institute of Statistics - INE 2018. We used a
more restrictive definition of risk combining old age criteria and the following chronic conditions as potential risk factors for COVID-19
according to the available literature: hypertension, diabetes, chronic obstructive pulmonary disease, cardio- and cerebrovascular dis-
ease.
Results: We estimated that 15.5% (n = 1 560 667) of the Portuguese population might be at increased risk for complications from
COVID-19 because of old age and existing chronic conditions. Such estimates vary across the country (from 1.7% in Azores to 33.7%
in Northern Portugal). Northern Portugal not only has the highest prevalence of selected morbidity (72.8%) within mainland Portugal,
but also has the largest population at risk for COVID-19 (n = 526 607). This was followed by the Lisbon and Tagus Valley region (n =
408 564) and Central Portugal (n = 388 867).
Discussion: Our results should encourage authorities to continue protecting those more vulnerable to the pandemic threat, particularly
on those areas of the country which are more likely to be further affected.
Conclusion: We projected a considerable number of Portuguese people at the highest risk for severe COVID-19 disease due to both
old age and pre-existing chronic conditions. Such estimates vary across the country.
Keywords: Age Factors; Chronic Disease/epidemiology; Coronavirus Infections/ epidemiology; COVID-19; Portugal; Risk Assess-
ment; Risk Factors; Severity of lliness Index

RESUMO
Introdugao: COVID-19 é uma doenca respiratdria viral que se tornou uma ameaga global a sadde publica. Grupos especificos da po-
pulagédo sdo mais vulneraveis, nomeadamente os mais envelhecidos que estdo expostos a determinadas doencas crénicas. O objetivo
deste trabalho foi estimar a populagéo portuguesa com potencial risco elevado de complicagcdes apos a infegcédo por COVID-19 devido
a idade e comorbilidades especificas.
Material e Métodos: A amostra em estudo foi constituida por todas as pessoas com idade superior a 65 anos (2215 homens e 3486
mulheres) que participaram no 5° Inquérito Nacional de Saude (INS 2014). Para calcular a populagéo potencial de maior risco para
o COVID-19, foram usadas as mais recentes estimativas demograficas oficiais, disponiveis no Instituto Nacional de Estatistica - INE
2018. Foi utilizada uma definigdo mais estrita de risco, para tal utilizando o critério de idade e a presenca das seguintes condigdes
cronicas como potenciais fatores de risco para o COVID-19, de acordo com a literatura disponivel: hipertensdo, diabetes, doenca
pulmonar obstrutiva crénica, doenga cardiovascular e cerebrovascular.
Resultados: Estimamos que 15,5% (n = 1 560 667) da populagéo portuguesa possa estar em elevado risco de complica¢des por CO-
VID-19 devido a idade e a condigbes cronicas pré-existentes. Tais estimativas variam em todo o pais (de 1,7% nos Agores a 33,7% na
regido Norte). A regido Norte ndo sé apresenta a maior prevaléncia da morbilidade analisada em Portugal continental (72,8%), como
também a maior populagdo em elevado risco de doenga severa COVID-19 (n = 526 607). Seguiu-se Lisboa e Vale do Tejo (n = 408
564) e a regidao Centro do pais (n = 388 867).
Discussao: Estes resultados devem incentivar as Autoridades de Salude a proteger os mais vulneraveis a ameacga da pandemia,
particularmente nas areas do pais com maior probabilidade de serem mais afetadas.
Conclusao: Neste trabalho estimamos que, devido a idade e a determinadas condigbes cronicas pré-existentes, ha um ndmero
consideravel de portugueses que se encontra em elevado risco de doenca severa em caso de infegdo COVID-19. Estas estimativas
variam ao nivel regional.
Palavras-chave: Avaliagdo do Risco; COVID-19; Doenga Crénica/epidemiologia; Factores Etarios; Factores de Risco; indice de Gra-
vidade de Doenga; Infecgbes por Coronavirus/epidemiologia; Portugal
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19) is a viral respir-
atory disease caused by the Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2), which has become a
global threat to human health."2

The number of confirmed cases of COVID-19 has
reached 11 500 302 worldwide (535 759 deaths) and 44
129 (1620 deaths) in Portugal as of July 8, 2020, according
to WHO COVID-19 situation report 169.3

Since the beginning of the pandemic, several relatively
large-scale case studies have reported the clinical features
of patients with COVID-19, and some potential factors as-
sociated with worse outcomes following infection started to
be identified, namely those regarding specific chronic con-
ditions, such as respiratory and cardiovascular diseases.'*®
More importantly, it quickly became very clear that specific
subsets of the population are more vulnerable than others
to the virus. Increasing studies showed that most patients
with COVID-19 had no symptoms or mild pneumonia; how-
ever, a proportion of patients may develop severe or critical
pneumonia, acute respiratory distress syndrome, or even
death.*®

Given the rapid spread and high mortality rate of COV-
ID-19 in the vulnerable population, it is of utmost importance
to identify the population groups with the highest risk for
serious complications following infection. Thus, in this study
we aimed to estimate the size of the Portuguese population
at the highest risk for complications following COVID-19
infection. For such endeavor, we considered a restrictive
definition of risk by combining old age criteria and specific
comorbidities.

MATERIAL AND METHODS

We used cross-sectional data from the fifth Portuguese
National Health Interview Survey (Inquérito Nacional de
Saude, INS), conducted in 2014."° The INS is a popula-
tion based survey on a probabilistic representative sam-
ple of noninstitutionalized individuals aged 15 years and
over. Data collected included self-reported information on
a broad range of variables related to health condition, life-
style, and socioeconomic status. The methodology of the
INS has been detailed elsewhere. In order to project the
potential population at highest risk for COVID-19, we used
the latest available official demographic estimates from the
National Institute of Statistics (INE 2018)."

In this study, we adopted a definition of high risk, based
on two different approaches: 1) similar to the one used by
Adams ML et al,'? which was based on the presence of spe-
cific chronic conditions; 2) age criteria, by using the cutoff
of 2 65 years old, as defined by the CDC." Thus, we used
a more conservative definition of high risk than Adams ML
et al. This definition of highest risk, combining comorbidities
and old age criteria, is thus a more restrictive one and has
the potential to underestimate the population at risk [Appen-
dix 1 illustrates results using a less conservative definition
by considering old-age as just another risk factor along with
the analyzed comorbidities (see Appendix 1: https://www.

actamedicaportuguesa.com/revista/index.php/amp/article/
view/14222/Appendix_01.pdf)]. The available literature has
shown that several risk factors, including older age and the
presence of at least one of several underlying health con-
ditions were associated with increased risk of worse out-
comes.'#1%

We used only those chronic conditions, which according
to the available evidence, are potential risk factors for COV-
ID-19, based on the study by Wang B et al, a recent meta-
nalysis: hypertension (OR: 2.29, p < 0.001), diabetes (OR:
2.47, p < 0.001), chronic obstructive pulmonary disease
(COPD) (OR: 5.97, p < 0.001), cardiovascular disease (OR:
2.93, p < 0.001), and cerebrovascular disease (OR:3.89,
p = 0.002)."® Thus, we did not use other comorbidities that
may also cause increased risk, such as cancer, chronic kid-
ney disease, liver disease, hemoglobin disorders, and se-
vere obesity.

We assessed the prevalence of the aforementioned
conditions in the INS sample, given that their presence for
each respondent was assessed in the INS survey through
self-reporting.

Following the methodology used by Adams ML et al,?
the key comorbidity variable was a composite measure in-
cluding those reporting that they had cardio and cerebro-
vascular disease (heart attack, angina, coronary heart dis-
ease, or stroke), diabetes, chronic obstructive pulmonary
disease (COPD), or hypertension. We counted the number
of chronic conditions for each respondent who reported at
least one condition and was considered to be at heightened
risk for complications from COVID-19.

As explained, additionally, we focused on those aged
older than 65 years (2215 men and 3486 women).

All statistical analyses were carried out using Stata ver-
sion 13.1 to account for the complex sample design of the
INS, using the survey data analysis (SVY) module. All es-
timates were weighted to match the population distribution
in terms of geographic region, age-group, sex, level of edu-
cation, and dimension of household.”® We used Jackknife
estimation for survey data to estimate confidence intervals
(95% CI). The significance level for all analysis was set at
5%.

The Ethical Committee of the National School of Public
Health approved the project. Anonymity of participants and
confidentiality of data on all used databases were guaran-
teed. Informed consent was obtained from all INS partici-
pants has detailed elsewhere.

RESULTS

Among the elderly (= 65 years old), 39.3% reported 1
chronic condition, 23.1% reported two chronic conditions,
6.6% reported three chronic conditions, and 1.0% reported
four or more chronic conditions. The prevalence of sepa-
rate chronic conditions in the same age group were 55.2%
(95% CI: 53.3% — 57.1%) for hypertension, 23.3% (95%
Cl: 21.7% — 25.0%) for diabetes, 19.0% (95% CI: 17.6%
— 20.6%) for cardio and cerebrovascular diseases, 11.8%
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(95% CI: 10.6% — 13.1%) for COPD. The average preva-
lence of at least any of these chronic diseases was 70.0%
(95% CI: 68.2% — 71.8%).

If projected to the overall population, we estimated that
1 560 667 people might be at highest risk for complications
following COVID-19 infection (Fig. 1 and Table 1). Thus,
we estimated that 15.2% of the Portuguese population is at
increased risk for complications from coronavirus disease

given the combined risk of old age and the analyzed risk
factors (cardio and cerebrovascular diseases, hyperten-
sion, diabetes, or COPD).

More women are affected by the analyzed risk factors
(71.8% vs 67.6% in men, p = 0.023), and because there
are more women than men over 65 in Portugal (1 298 413
vs 930 337, respectively), the projected population at risk is
much higher in the female group (932 131; share of 59.7%
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Figure 1 — Prevalence of at least one potential COVID-19 risk factor regarding morbidity in the Portuguese population
Chronic conditions - COPD: chronic obstructive pulmonary disease; CV: cerebro & cardiovascular disease; diabetes; or HTA: hypertension.
1: Population at risk values were obtained using official population data from census and will not fully agree with calculations made from raw data (INS database)

Table 1 — Prevalence of potential COVID-19 risk factors in the Portuguese population, according to gender, age-group and region

2 1 risk factor

COPD (47 Diabetes HTA (CV, HTA, DM, COPD) Population at risk’
Gender
Males 11.1% 17.5% 25.6% 50.0% 67.6% 628 722
Females 12.3% 20.1% 21.7% 58.9% 71.8% 932 131
Age group
65 - 69 8.2% 11.2% 21.7% 51.4% 62.9% 389 246
70-74 11.9% 15.7% 26.7% 57.8% 73.0% 387 039
75-79 13.7% 21.7% 25.2% 57.8% 73.4% 312374
80 - 84 12.5% 27.4% 21.2% 55.1% 72.7% 254 503
85 + 15.5% 27.5% 20.0% 54.9% 71.6% 217 506
Region
North 11.6% 18.7% 25.0% 58.3% 72.8% 536 607
Center 13.6% 22.3% 21.9% 56.0% 72.4% 388 867
Lisbon and Tagus Valley 11.2% 17.5% 22.5% 51.9% 66.2% 408 564
Alentejo 12.9% 19.8% 23.4% 58.2% 71.7% 128 826
Algarve 9.1% 17.7% 19.6% 52.0% 65.9% 62 291
Azores 12.7% 20.7% 30.1% 54.8% 74.3% 26 015
Madeira 10.9% 21.5% 27.9% 57.2% 73.8% 30979
National 11.8% 19.0% 23.3% 55.2% 70.0% 1 560 667

Chronic conditions - COPD: chronic obstructive pulmonary disease; CV: cerebro & cardiovascular disease; diabetes; or HTA: hypertension
1 Population at risk values were obtained using official population data from census and will not fully match with calculations made from raw data (INS database)
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of all at-risk national population).

We observed statistical differences in the regional prev-
alence of risk factors. Northern Portugal not only has the
highest prevalence of selected morbidity (72.8%) within
mainland Portugal, but also the largest population at risk
for COVID-19 (33.7%, Fig. 2), given its overall number of
elderly population (n = 723 660; 32.5% of all national popu-
lation above 65). The Algarve is the region with lowest risk
(65.9%) and lowest at-risk population share in mainland
Portugal (4.0%), while the Azores, despite the greatest risk
(74.3%) has the lowest number of people at risk in Portugal
with a share of 1.7%. (Fig. 2), given the lower number of el-
derly people (n = 35 014; 1.6% of all the national population
above 65). The detailed prevalence of each of the analyzed
chronic conditions by region can be seen in Table 1.

DISCUSSION

Even considering a restrictive definition of risk for se-
vere COVID-19 illness, we estimated that 15.5% (n = 1 560
667) of the Portuguese population might be at high risk for
complications from COVID-19 because of both old age and
pre-existing chronic conditions. Such estimates vary across
the country. The largest share of population at risk is lo-
cated in Northern Portugal due to having both high preva-
lence of these potential risk factors and its population size.

So far, this is in line with the geographical distribution of
COVID-19 in Portugal, considering that the majority of
deaths so far occurred in Northern Portugal (50.4%, as of
July 8, 2020, according to the Portuguese official data).”
In fact, it happened in a disproportional way, given that the
national COVID-19 statistics show a much higher share in
Northern Portugal compared to our projected results of po-
pulation at-risk."” This might be due to some other reasons,
namely the larger initial epidemic found in this region,'” and
perhaps due to other COVID-19 risk factors which are more
prevalent in Northern Portugal compared to the national av-
erage.

Among the elderly, the expected share of population at-
risk does not grow with age. First, because the population
size decreases with age, and, secondly, because the preva-
lence of chronic diseases reaches its peak around the age
of 70 (probably because people with the condition of inter-
est are more likely to be selected out of the population).'®
These results are in line with the already mentioned studies
performed in the United States by Adams ML et al,"? and
with what has been observed so far in the COVID-19 age
distribution in Portugal. The proportion of population at the
highest risk found in this study is below what others have
estimated for population at increased/high risk,'?° including
Adams ML et al and Koma W et al (45.4% and 37.6% of US

M North [ Center

M Lisbon and Tagus Valley

Alentejo Algarve M Azores Madeira

Figure 2 — Regional distribution of population at the highest risk of complications from COVID-19
Chronic conditions - COPD: chronic obstructive pulmonary disease; CV: cerebro & cardiovascular disease; diabetes; or HTA: hypertension
1: Population at risk values were obtained using official population data from census and will not fully match with calculations made from raw data (INS database)
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adults, respectively),'?' which is mostly the result of adopt-
ing another definition of risk (i.e. old age or at least one
underlying condition). In fact, in Appendix 1 (see Appendix
1:  https://www.actamedicaportuguesa.com/revista/index.
php/amp/article/view/14222/Appendix_01.pdf), where we
used a less conservative definition of risk, the proportions
become much closer (i.e. 41.8% share of Portuguese popu-
lation above 15 years old).

When considering the prevalence of the analyzed risk
factors, more women are affected than men, and, because
there are approximately 40% more women than men over
65 in Portugal,? the projected number of population at risk
was also much higher in the female group. However, it is im-
portant to stress that a higher frequency of worse COVID-19
outcomes in males has been reported elsewhere.?*2* Until
now in Portugal, namely among the elderly, more women
were infected than men, but men are more likely to be hos-
pitalized and to die."” This might be due to other risk factors
unequally distributed by gender, which are not being taken
in consideration in this analysis (e.g. plasma concentrations
of angiotensin-converting enzyme 2 higher in men than in
women).?® Further research should aim to understand this in
more detail.

This study is hampered by some limitations that need
to be stated. First, the analysis is based on self-reported
data, which might be subject to recall bias and misclassifi-
cation bias (e.g. chronic diseases not clinically confirmed).
Furthermore, it is possible that underreporting might have
taken place among those who consult less and/or are less
aware of their own chronic conditions (e.g. low educated
groups with lack of health literacy and awareness). Sec-
ondly, disease severity and staging were not taken in con-
sideration, given that there is no such available data in the
literature. Thirdly, the INS data included only noninstitution-
alized adults and is from 2014, which likely leads to under-
estimation of results. The prevalence of the analyzed chron-
ic diseases is expected to have increased in the meanwhile
(for instance, Laires PA et al estimated a 3.1% growth in
the prevalence of multimorbidity between 2014 and 2020
in Portugal).?® However, in the population at-risk we have
used the latest available official demographic data (2018)
including institutionalized adults. Lastly, our study does not
address possible differences in contracting the disease, but
rather the risk for development of complications among in-
dividuals who have COVID-19 on the basis of results from
the meta-analysis by Wang B et al.'® Certainly, there are
several other relevant risk factors which could have been
used to calculate the population at risk and alternative risk
definitions would necessarily lead to different estimates of
population at-risk. Given the current knowledge, we thus
considered our definition, with a combined risk of age and
selected morbidity, to be more appropriate namely to aid
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