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Abstract

Introduction The COVID-19 pandemic had a wide range of effects on the English population, including on health
and quality of life due to the subsequent lockdown restrictions set.

Aims To investigate longitudinal changes in developing cardiovascular disease (CVD) and how that affects quality of
life from pre-pandemic and during two lockdowns in England, in adults aged 50 years and above, and what factors
are associated with this.

Methods Wave 9 of the core English Longitudinal Study of Ageing (ELSA) and Waves 1 and 2 of the ELSA COVID-19
sub-study were used to investigate the factors associated with developing CVD between timepoints, and what factors
alongside CVD are associated with quality of life.

Results Higher age and depression were associated with newly-developed CVD from pre-COVID to both COVID
sub-study waves. Additionally, body mass index (BMI) increased odds of CVD and physical activity decreased odds.
Non-White ethnicity, depression, females, and developing CVD were lower associated with quality of life. Decreased
age and increased physical activity were associated with higher quality of life.

Discussion Ethnicity was not associated with newly-developed CVD but was associated with quality of life. Other
factors of importance include age, depression, gender, and physical activity. Findings are informative for future risk
stratification and treatment strategies, especially while the COVID-19 pandemic is ongoing.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic is
an ongoing worldwide pandemic caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
and is responsible for the deaths of over 6.6 million
people out of 650 million confirmed cases [1] globally.
In the UK alone, it is responsible for 213,000 deaths out
of 24 million cases. Common symptoms of COVID-19
include fever, coughs, fatigue, and a new loss of taste or
smell, which generally subside in one or two weeks.

In a number of patients, however, COVID-19 has
effects well after the period of infection has passed. ‘Long
COVID' refers to the presence of symptoms far longer
than it would be expected after a patient has recovered
from the SARS-CoV-2 infection [2]. It can affect multiple
organs and systems such as the respiratory, neurologi-
cal, gastrointestinal, musculoskeletal, and cardiovascu-
lar systems [3]. For example, older individuals with long
COVID have significant pulmonary impairment [4]. This
is particularly important in an ageing population since
they are already at higher risk of conditions such as car-
diovascular disease (CVD) due to their advancing age [5],
lower levels of physical activity [6], and other comorbidi-
ties [7], among other factors [8, 9].

A meta-analysis of over 18 million total patients [10]
found that individuals of Black and Asian ethnicity are
at an increased risk of COVID-19 infection compared to
White individuals, with Asians at a higher risk of inten-
sive care and death. Conversely, a different systematic
review of almost 18 million patients did not conclude
that membership of a particular ethnic minority group
as an independent poor prognostic factor for COVID-19
[11]. Furthermore, studies have attempted to investigate
the link between COVID-19, ethnicity, and poor out-
comes such as mortality and hospitalisation. One study
found that Asians and Pacific Islanders had slightly lower
odds of a major adverse cardiovascular event compared
to Non-Hispanic Whites [12]. Another [13] found that
those of South Asian ethnicity appear at risk of worse
COVID-19 outcomes compared to Whites in the UK,
including hospitalisation and death, whereas another
found no different between South Asian and White with
respect to COVID-19-related mortality [14].

Cardiovascular diseases (CVD) are a group of disor-
ders of the heart and blood vessels. They are the leading
cause of death worldwide [15], a major cause of disability
[16], and are associated with a reduction in quality of life
(QOL) [17, 18]. A German study [19] found QOL in CVD
patients were generally comparable with the general
German population, however there was a negative cor-
relation of QOL with age, suggesting QOL is older CVD
patients deteriorates faster than in the general popula-
tion. Moreover, the presence of other comorbidities, such
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as diabetes, alongside CVD was significantly associated
with a lower QOL [20].

A systematic review of 12 studies [21] found that the
impact of COVID-19 on health-related quality of life
(HRQOL) was substantial, with large decreases in many
QOL domains from before to after the COVID-19 lock-
down period started. Furthermore, this review found
significant changes in HRQOL were most common in
women and those aged 60 years or more. Another study
of over 1000 UK respondents found significant increases
in mental health issues such as depression and anxiety
in the UK relative to pre-pandemic [22]. Further studies
have arrived at a similar conclusion where the COVID-19
outbreak and the subsequent stay-at-home orders have
taken tolls on people’s mental health and QOL [23-25].

The emergence of the COVID-19 pandemic brought
significant disruptions in daily routines, economic stabil-
ity, and healthcare services, ultimately leading to height-
ened stress levels and indirect health risks. This research
aims to explore the potential links between the COVID-
19 pandemic and the risk factors for newly developed
cardiovascular disease (CVD) while considering its
impact on the quality of life in the aging population, spe-
cifically referencing the English Longitudinal Study of
Ageing.

Numerous studies have highlighted the negative
effects of the pandemic on overall mental health, with
increased stress, depression, and anxiety levels reported
across various demographic groups [26]. Moreover, such
psychological distress can contribute to increased risk
factors for cardiovascular diseases such as high blood
pressure, smoking, unhealthy diet, and physical inactivity
[27]. Given the link between chronic stress, psychologi-
cal wellbeing, and cardiovascular health, it is crucial to
explore the specific impact of the COVID-19 pandemic
on CVD risks.

COVID-19 has also presented unique challenges for
the elderly population who have experienced isolation
and decreased physical activity due to social distancing
measures [28]. This is particularly pertinent given that
the aging population is already predisposed to cardiovas-
cular disease, primarily due to age-related physiological
changes and increased prevalence of risk factors such as
hypertension and diabetes [29]. Therefore, understand-
ing the influence of COVID-19 on CVD risks among the
aging population is crucial in informing public health
interventions and policy.

Finally, the Quality of Life (QoL) is an essential health
outcome that reflects a person’s perception of their posi-
tion in life. It encompasses their physical health, psycho-
logical state, personal beliefs, and relationships [30]. The
pandemic has widely disrupted QoL due to the restric-
tions on daily activities, travel, and social relationships
[31]. Given that cardiovascular health and QoL are
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intrinsically linked [32], it is essential to investigate the
interplay between these factors during the pandemic.

This study aims to bridge this gap in knowledge by pro-
viding a comprehensive analysis of the risk factors for
newly developed cardiovascular disease and the quality
of life during the COVID-19 pandemic, focusing on the
aging population in England. Therefore, the aims of this
study were to (a) explore which factors increased the risk
of newly-developed CVD and (b) explore which factors
affect QoL during the COVID-19 pandemic, comparing
data from two to three years prior to the pandemic and
two separate timepoints during the first two lockdowns
in England.

To present, no studies have examined the factors
related to developing CVD for the first time during the
COVID-19 lockdown in the UK and how that, adjust-
ing for important confounding variables, is related to
changes in quality of life before and after the start of the
pandemic. This study aimed to be one of the first which
investigated how QOL changed as a result of a CVD
diagnosis in adults aged 50 years or over which will allow
the identification of the most at-risk groups, especially
during a time of uncertainty and strain for health services
which was the COVID-19 pandemic.

Methods

Data sources

Data used in this paper were drawn from the English
Longitudinal Study of Ageing (ELSA) project, which col-
lects representative data from people aged 50 years and
over to understand various aspects of ageing in England
[33]. The sample has been refreshed over several waves
so that it remains representative of the English over 50
population. The relevant wave from the main ELSA study
for the following analysis is Wave 9, which was collected
between 2018 and 2019. As part of an effort to under-
stand the effects of the COVID-19 pandemic on the older
population in England, the ELSA COVID-19 sub-study
was conducted during June-July 2020 (COVID wave 1)
and November-December 2020 (COVID wave 2). All
ELSA data is publicly available at: https://beta.ukdataser-
vice.ac.uk/datacatalogue/studies/study?id=8688#!/.

Outcomes

Participants in the COVID-19 sub-study were asked the
following at both waves: “Thinking about what has hap-
pened since we last saw you (i.e. ELSA Wave 9 for rel-
evant participants), has a doctor ever told you that you
developed a new health condition?” Relevant responses
for this paper included hypertension, angina or heart
attack, congestive heart failure, or stroke. These were
combined to form a binary variable of newly-developed
CVD.
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Subjective quality of life in later life was evaluated using
two different versions of the Control, Autonomy, Self-
realisation, and Pleasure scale. The 12 item (CASP-12)
questionnaire is a shorter version of the CASP-19 and
excludes questions 3, 6, 8, 13, 14, 16, 17 from the larger
CASP-19 questionnaire. The 12-item one was used in the
two Covid waves whereas the original CASP-19 question-
naire was used in the original waves of ELSA. Responses
were based on a 4-point Likert scale: O=never, 1=not
often, 2=sometimes, and 3=often. Negatively perceived
questions are reverse scored. All responses are summed,
yielding a score with range 0 to 36, where higher scores
indicate high levels of satisfaction of quality of life. The
12-item scale has not been validated against the 19-item
scale. However, to allow comparison between ELSA
Wave 9 and the COVID-19 sub-study waves, raw data
from Wave 9 was converted from CASP-19 to CASP-12
by using the 12 questions that appear in CASP-12 to cal-
culate the QoL score at Wave 9. To test how appropriate
this was, the correlation between CASP-12 and CASP-
19 scores were calculated, as well as Cronbach’s alpha to
measure internal consistency of the 12-item scale.

Exposure variables

Existing CVD, defined as CVD at Wave 9, was based
on whether or not participants had answered questions
regarding having experienced angina, myocardial infarc-
tion, congestive heart failure, or stroke by ELSA Wave 9.
Newly-developed CVD was based on participants who
did not have CVD at Wave 9 but developed any of the
aforementioned CVD conditions during the two COVID-
19 sub-study waves.

Ethnicity in ELSA was reported as either “White’ or
‘Non-white. Specific non-white ethnicity was grouped to
protect the identities of participants. Ethnicity was one of
a number of variables that were fed-forward from ELSA
Wave 9 and only asked in the COVID-19 sub-study if the
information was missing.

Other baseline characteristics at Wave 9 that were
included in the modelling process was based on those
that were shown to have a statistically significant longi-
tudinal association between CVD and quality of life [34].
Age (years) and depression, using the Centre for Epide-
miologic Studies Depression Short-Form (CES-D-SF)
questionnaire (scored from O to 8 where higher scores
imply higher levels of depression) were the only continu-
ous variables. The CES-D scale can also be dichotomised
to non-severe depression (score<2) and severe (score>3)
[35]. Categorical variables include body mass index (BMI)
which was calculated using height and weight. Weight
was collected at Wave 9 but height was collected at Wave
6, which was the latest Wave that height was collected.
BMI was categorised, using the England National Health
Service(NHS) ranges, into underweight (BMI<18.5),
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normal (18.5<BMI<25), overweight (25<BMI<30), and
obese (BMI>30) [36].

Deprivation was based on a series of nine questions
and was scored from one to nine, where 1 signified the
least deprived group and 9 signified the most deprived
group. The questions pertaining to deprivation were
whether or not participants could: (Q1) buy your first
choice of food items; (Q2) have family and friends round
for a drink or meal; (Q3) have an outfit to wear for social
or family occasions; (Q4) keep your home in a reasonable
state of decoration; (Q5) replace or repair broken electri-
cal goods; (Q6) pay for fares or other transport costs to
get to and from places you want to go; (Q7) buy presents
for friends of family once a year; (Q8) take the sort of hol-
idays you want; and (Q9) treat yourself from time to time.

Highest education qualification was grouped into
no qualification, foreign/other, NVQ1/CSE, NVQ2/0O-
level, NVQ3/A-level, higher education below degree,
and NVQ4-5/degree level. Participants were asked to
describe other members of their households (up to 16
other household members in ELSA Wave 9). If the par-
ticipant reported zero other people in their household,
they were categorised as ‘living alone’ Participants with
at least one other person living with them were catego-
rised as ‘not living alone’ Physical activity was grouped
into never, 1-3 times a month, once a week, or more than
one a week for three levels of activity: mild, moderate,
and vigorous intensity. Sex was grouped into males vs.
females. Smoking status was divided into never smoked,
ex-smoker, and current smoker.

Statistical analysis

Participants who completed at least one of the COVID
Waves were included in the analysis. Baseline charac-
teristics were presented as either mean and standard
deviation (SD) or median and inter-quartile range (IQR),
depending on if the variable was normally distributed or
not.

There are four primary models, two for the CVD out-
comes and two for QoL outcomes. The main outcomes
were analysed with either a multivariate logistic regres-
sion model (newly-developed CVD outcome) or a multi-
variate linear regression model (change in QoL outcome).
All of the previously mentioned baseline characteris-
tics at ELSA Wave 9 were included in the four models.
As ethnicity was the main variable of interest, they were
added straight at the multivariate model stage of the
analysis. Furthermore, newly-developed CVD was used
as a predictor for QoL at the same Wave, for example
newly-developed CVD at COVID Wave 1 was used as a
predictor of QoL at COVID Wave 1.

The association between each baseline characteristic
and the outcomes were tested using univariate analyses.
Those with p-value<0.10 were added to the respective
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multivariate models before the models were finalised
by including only variables with p-value<0.05. Analy-
ses were unweighted at first, with weights being used in
sensitivity analyses to account for participants who have
answered the questionnaires at all timepoints. Results of
weighted analyses found no statistically significant differ-
ence between that and of unweighted analyses.

Assumptions of the logistic and linear regression mod-
els were tested. For both models, the assumptions that
were tested were no multicollinearity among the explana-
tory variables using the variance inflation factor (VIF),
the absence of extreme outliers which were identified
using Cook’s distance. Any outliers, defined as any point
whose Cook’s distance is more than three times the mean
of all distances, would be removed from sensitivity analy-
ses to see if they had a significant influence of the results.
Additionally, one assumption of linear models is normal-
ity of the residuals, which was tested visually using histo-
grams, and statistically using the Shapiro-Wilks test.

All statistical analyses were conducted using StataSE 17
(64-bit) [37].

Results

Baseline characteristics

There were 7,200 participants included in Wave 9 of
ELSA, 7,040 participants in Wave 1 of the COVID-19
sub-study, and 6,794 participants in Wave 2 of the sub-
study. For the primary analyses, there were 7,362 par-
ticipant who completed either of the COVID sub-study
waves. Table 1 summaries the characteristics of the pri-
mary analysis sample. The vast majority of participants
were white. Mean age was 67 years, mean BMI was
28 kg/m?, with 42% of participants being overweight
and over one-quarter obese. Mean depression score was
1.2 with 16% being classed as having severe depression.
There was a somewhat even distribution of educational
qualifications at NVQ2 (or equivalent) and above, along-
side 14% of participants with no qualifications. Most par-
ticipants lived with at least one other person (80%). As
expected, more participants took part in regular mild
physical activity compared to more moderate or vigor-
ous intensity. There were more females in the cohort than
males (56.5% vs. 43.5%). Half of the participants were ex-
smokers, with 8.6% of participants who were still smok-
ing as of Wave 9.

Factors associated with newly-developed CVD

Of the 7,362 participants included in the analysis, 7,200
had completed the CVD questions from ELSA core Wave
9. Of them, 1,535 (21%) had CVD at ELSA Wave 9. Of
those that did not have CVD at Wave 9 and completed
COVID Wave 1 (5,432 participants), 422 developed CVD
at COVID Wave 1. Of the participants who did not have
CVD at either Wave 9 or COVID Wave 1 and completed
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Table 1 Summary of participant baseline characteristics at ELSA Wave 9

Mean or N SD or %
Ethnicity
White 7,014 95.3%
Non-white 348 4.7%
Age 67.3 10.0
Body mass index 279 59
Underweight 43 0.9%
Normal 1,375 29.3%
Overweight 1,966 41.8%
Obese 1,315 28.0%
CES-D S-F
Overall score 1.2 1.7
Non-severe 6,025 83.7%
Severe 1,175 16.3%
Deprivation score 1.7 1.6
Education
None 1,010 14.1%
Foreign/other 513 7.1%
NVQ1/CSE or equivalent 256 3.6%
NVQ2/GCE O-level or equivalent 1,610 22.4%
NVQ3/GCE A-level or equivalent 841 11.7%
Higher education below degree 1,133 15.8%
NVQ4/NVQ5/degree or equivalent 1,823 25.4%
Living alone
No 5778 80.3%
Yes 1422 19.8%
Physical activity
Mild intensity
Hardly ever or never 442 6.3%
One to three times a month 156 2.2%
Once a week 616 8.8%
More than once a week 5804 82.7%
Moderate intensity
Hardly ever or never 1064 15.2%
One to three times a month 406 5.8%
Once a week 900 12.8%
More than once a week 4648 66.2%
Vigorous intensity
Hardly ever or never 4096 584%
One to three times a month 529 7.5%
Once a week 679 9.7%
More than once a week 1713 24.4%
Sex
Male 3,190 43.5%
Female 4,135 56.5%
Smoking
Never 2,849 41.1%
Ex-smoker 3,488 50.3%
Current 594 8.6%

Abbreviations: CES-D-SF=Centre for Epidemiologic Studies Depression scale - Short Form; GCE=General Certificate of Education; N=Number; NVQ=National
Vocational Qualification; SD=Standard Deviation
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Wave 2 (4,742 participants), 135 (2.85%) developed CVD
at Wave 2.

Multivariate logistic regression models were carried
out for newly-developed CVD, between ELSA core Wave
9 and the COVID sub-study Wave 1 (henceforth named
model 1); and between the COVID sub-study Waves 1
and 2 (model 2). Univariate analyses found that all of the
baseline characteristics presented in Table 1 were asso-
ciated with a having newly-developed CVD at COVID
Wave 1, but age, BMI, depression, education, moderate
and vigorous physical activity, and smoking status were
associated with newly-developed CVD at COVID Wave
2, at a 10% significance level. Results of all univariate
analyses are presented in Table 2.

For model 1, the logistic regression analysis suggested
that age, depression, deprivation, and regular moderate
physical activity were all significant predictors in a par-
ticipant developing CVD at COVID Wave 1 when they
did not have one at ELSA Wave 9. Higher age, depres-
sion, and deprivation score were associated with a higher
odds of developing CVD, whereas regular moderately
and vigorously-intense physical activity was associated a
lower odds of developing CVD. Moreover, females had a
34% reduced odds of developing CVD during lockdown
compared to males.

Age, BMI, and depression were the only statistically
significant predictors in model 2. One-unit increased in
age and depression score increased the odds of newly-
developed CVD between COVID Waves 1 and 2 by 4%
and 13%, respectively. Underweight participants saw
the biggest increase in odds of developing CVD, by over
5 times, compared to participants in the normal BMI
range. Overweight and obese BMI also increased the
odds by 35% and almost 3 times, respectively. Results for
both models are presented in Table 3.
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Assumptions of the logistic regression models were
met. This included acceptable levels of multi-collinearity
based on variance inflation factor and pairwise correla-
tions. When re-running the two models without highly-
influential observations, there were no statistically
significant difference in odds ratios. Finally, both mod-
els were statistically significant, model 1 (chi-squared
p<0.001), model 2 (chi-squared p<0.001).

Factors associated with quality of life

A total of 7,362 participants completed the CASP-19
questionnaire at ELSA Wave 9. As the score for each
individual question was available, only the 12 questions
that are included in the CASP-12 score was summed
to acquire the CASP-12 score at Wave 9 (mean=26.8;
SD=5.89) and allow direct comparability between all
waves in this analysis. At COVID Wave 1, 7,040 par-
ticipants completed CASP-12 with a mean score of 26.0
(SD=6.23). At COVID Wave 2, 6,794 participants com-
pleted CASP-12 with a mean score of 25.51 (SD=6.39).
The mean change in CASP-12 score from Wave 9 to
COVID Wave 1 was —0.78 (SD=6.19), and from COVID
Waves 1 to 2 was —0.60 (SD=4.04).

Multivariate linear regression models were used to
model the change in QoL score between ELSA Wave
9 and COVID Wave 1 (model 3), and COVID Waves 1
and 2 (model 4). Univariate analyses found that all of the
baseline characteristics except for highest educational
qualification and smoking status were associated with
change in QoL from ELSA Wave 9 to COVID Wave 1.
None of the baseline characteristics were significantly
associated with change in QoL from COVID Wave 1 to
Wave 2.

The analysis for model 3 concluded that ethnicity,
depression score, both mildly and moderately-intensive

Table 2 Results of univariate analyses for all of the primary outcome models

Change in Newly-developed CVD

Change in Quality of life score

Wave 9 to Wave 1

COVID Wave 1 to Wave9toWave1 COVIDWave 1 to

Wave 2 Wave 2
X P X P F P F P
Age 2777 <0.001 15.11 <0.001 842 0.004 0.15 0.697
BMI 13.54 0.004 20.88 <0.001 236 0.069 0.89 0.448
CES-D-SF 36.20 <0.001 8.09 0.005 25.65 <0.001 0.62 0430
Deprivation score 14.63 <0.001 0.82 0.364 19.55 <0.001 0.28 0.594
Highest educational qualification 2263 0.001 19.15 0.004 092 0477 1.27 0.269
Living alone 13.68 <0.001 0.91 0.340 55.04 <0.001 0.05 0.830
Mild physical activity 15.95 0.001 3.54 0316 30.32 <0.001 1.07 0359
Moderate physical activity 4537 <0.001 11.67 0.009 35.16 <0.001 042 0.741
Vigorous physical activity 3298 <0.001 11.39 0.010 840 <0.001 042 0.736
Sex 535 0.021 0.06 0.801 33.90 <0.001 0.16 0.694
Smoking status 35.02 <0.001 4.67 0.097 3.70 0.025 0.52 0.596
Newly-developed CVD NA NA NA NA 2557 <0.001 0.01 0.925

Abbreviations: BMI=Body Mass Index; CES-D-SF=Centre for Epidemiologic Studies Depression scale -

CVD=Cardiovascular Disease; NA=Not Applicable

Short Form; COVID=Coronavirus Infectious Disease;
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Table 3 Results of the logistic regression analyses with newly-developed CVD as the outcome at two timepoints

Change from Wave 9to Change from Wave 1 to

Wave 1 Wave 2

OR LCI ucd P OR L ua p
Constant 0.03 001 010 <0.001 0.001 00002 001 <0.001
Age 1.02 101 104 0010 104 101 1.06  0.002
BMI
Normal (reference) 0.00
Underweight 546 150 1991 0.010
Overweight 135 077 237 0301
Obese 277 159 481 <0001
CES-D-SF 112 103 1.21 0007 113 1.02 126 0018
Deprivation score 114 104 125 0007
Moderate physical activity
Hardly ever or never (reference) 0.00
One to three times a month 030 0.13 0.73 0.008
Once a week 068 038 120 0.179
More than once a week 068 045 1.04 0.072
Vigorous physical activity
Hardly ever or never (reference) 0.00
One to three times a month 079 041 154 0492
Once a week 056 028 1.11 0.095
More than once a week 0.50 030 0.84 0.009
Sex
Male (reference) 0.00
Female 066 047 091 0012

Abbreviations: BMI=Body Mass Index; CES-D-SF=Centre for Epidemiologic Studies Depression scale - Short Form; LCl=Lower 95% Confidence Interval;
NVQ=National Vocational Qualification; OR=0dds Ratio; UCI=Upper 95% Confidence Interval

physical activity, gender, and newly-develop CVD were
statistically significant predictors of change on QoL.
Non-whites, higher depression, female gender, and hav-
ing a newly-developed CVD condition were associated
with a decrease in QoL score from.

A one-score increase in depression (signifying higher
levels of depression) was associated with a 0.24 reduction
in overall CASP-12 score. More regular physical activ-
ity increased QoL score from COVID Wave 1 to Wave 2,
and females were associated with a reduction in QoL of
1.30 compared to males. Whereas increases in age and
more regular mildly or moderately-intensive physical
activity were protective against decreased QoL score dur-
ing lockdown.

Model 4 contained no variables as p>0.05 for all of the
variables, including ethnicity (p>0.33).

Results of model 3 are presented in Table 4.

As with the logistic models, assumptions of the linear
regression model were also met, including acceptable
levels of multi-collinearity based on variance inflation
factor and pairwise correlations. When re-running the
model 3 without highly-influential observations, there
were no statistically significant difference in odds ratios.
The regression model was also statistically significant
(p<0.001). The adjusted R* indicated that 3% of the

variance of the change in QoL could be explained by the
model.

Discussion

Main findings

To the authors’ knowledge, this is the first study to inves-
tigate the factors associated with developing CVD in
adults aged 50 years or older living during two periods
of the 2020 COVID-19 lockdown in England, and fac-
tors which predicted an increase or decrease in quality
of life during the same timepoint in the same popula-
tion. The results presented in this paper are novel as it
explores the dynamic between the already-known factors
associated with CVD and QOL during an unprecedented
time in recent years. The present study found that higher
age, higher depression score, higher deprivation score,
reduced physical activity, and being male significantly
increased the odds of developing CVD during the first
lockdown. However, only increased age, being under-
weight or obese significantly increased the odds of devel-
oping CVD during the second phase of lockdown later in
2020. The factors associated with QOL followed a simi-
lar story. Many factors were identified that were signifi-
cantly associated with a change in QOL during the first
lockdown but were non-significant in the second wave of
the COVID-19 sub study. This included the Non-white
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Table 4 Results of the logistic regression analyses with change in QoL as the outcome at the first timepoint only

Change in QoL from Wave 9 to Wave 1

Estimate LCl ucl P
Constant -3.48 -4.84 -2.13 <0.001
Ethnicity
White (reference) 0.00
Non-white -0.81 -1.60 -0.01 0.046
Age 0.03 0.01 0.04 <0.001
CES-D-SF -0.24 -0.34 -0.15 <0.001
Mild physical activity
Hardly ever or never (reference) 0.00
One to three times a month 1.37 0.14 2.60 0.029
Once a week 1.19 0.32 2.05 0.007
More than once a week 1.65 092 238 <0.001
Moderate physical activity
Hardly ever or never (reference) 0.00
One to three times a month 0.83 0.05 161 0.038
Once a week 0.76 0.13 1.38 0.018
More than once a week 0.88 037 1.39 0.001
Sex
Male (reference) 0.00
Female -0.80 -1 -048 <0.001
Newly-developed CVD at Wave 1
No (reference) 0.00
Yes -1.03 -1.60 -045 <0.001

Abbreviations: BMI=Body Mass Index; CES-D-SF=Centre for Epidemiologic Studies Depression scale - Short Form; LCl=Lower 95% Confidence Interval;

NVQ=National Vocational Qualification; UCI=Upper 95% Confidence Interval

ethnicity, higher age, higher depression score, lower lev-
els of physical activity, being female and newly-developed
CVD are associated with a decrease in quality of life dur-
ing the coronavirus pandemic. In our study, we found
that the first lockdown period was a critical time for
addressing risk factors for developing CVD and for main-
taining quality of life (QOL), particularly for certain vul-
nerable groups. This is in line with previous research that
has highlighted the importance of focusing on modifiable
risk factors such as physical activity, body mass index
(BMI), and mental health during periods of major soci-
etal disruption, such as a pandemic lockdown [38]. Dur-
ing such periods, physical activity levels can decrease and
BMI can increase, exacerbating the risk of CVD. Mental
health issues, such as depression, can also become more
prevalent and further impact on QOL [39].

Ethnicity was not associated with developing CVD dur-
ing the 2020 lockdown in the UK when a participant did
not have CVD prior to lockdown, but it was a statisti-
cally significant predictor of QoL throughout lockdown,
where Non-whites had lower levels of QoL compared to
their White counterparts. A systematic literature review
by Patel [40] found that the majority of non-white eth-
nicities suffered from worse mortality outcomes when
suffering from CVD, which may worsen QoL. Newly-
developed CVD was associated with QoL only during the
first wave of the ELSA COVID-19 sub-study, but not for
the second wave. Those with new CVD had lower levels

of QoL, and this corresponds to results found in a study
by Patel et al [34], where CVD was associated with QoL
in the first couple of waves post-baseline. An explana-
tion of this might be that those with CVD may struggle
to manage their CVD straight away, but through lifestyle
changes and treatment, they may feel better and feel their
QoL has increased over the coming months or years.

As expected, age was associated with both CVD and
QoL. With a mean age of this cohort being 67 years,
increases in age led to poorer QoL and increased odds
of developing CVD. Age is an independent risk fac-
tor for CVD in adults over 50 years [41], and QoL starts
off poorer and declines faster for older individuals [42],
which was seen in the present study.

Depression score, using the CES-D-SF questionnaire,
was associated with both CVD and QoL. When model-
ling CVD, a one-score increase in depression score was
associated with a 12% and 13% increased odds of new
CVD at COVID Waves 1 and 2, respectively. Potential
mechanisms that link depression with an increased CVD
risk include poor adherence to multiple risk reducing
behaviours including reduced physical activity, increased
smoking, and decreased adherence to cardiovascular
medicines [43—45]. This has a knock-on effect with QoL
of those with CVD as depression is highly prevalent
in patients with CVD [46] which, in turn, affects QoL.
Among cardiovascular patients, depression, and anxiety,
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were found to have full mediating effects on life satisfac-
tion and QoL [47].

Sex was statistically significantly associated with both
newly-developed CVD and QoL at COVID Wave 1.
Females had a reduced odds of developing CVD com-
pared to males but, conversely, they also had on average a
lower QoL compared to males. The results of the present
study coincides with a study by Bucciarelli and colleagues
[48] where they postulated that, as primary caregiv-
ers within their own families, women had an increased
familial and social burden placed on them during the
lockdown [49], such as home schooling and childcare,
leading to increased stress and reduced QoL.

Regular physical activity, at mild to vigorous intensity,
was also a predictor of new CVD and QoL, where those
who exercise more regularly were associated with lower
odds of developing CVD, and higher QoL, similar to pre-
vious studies [50, 51]. During the first lockdown in March
2020 and subsequent strict quarantine rules, it is feasible
that the ageing population were unable to even take a
regular walk outside of the house. This can possibly cause
even more harmful effects on older people who are more
likely to be living alone or in care homes away from fam-
ily. Coupled with the deleterious impact that COVID-19
has had on cardiovascular risk factors such as unhealthy
food habits, and delayed critical care due to the fear of
the contagion [52], this would naturally cause decreases
in healthy lifestyle choices and lead to poorer outcomes.

Strengths and limitations

This is the first paper to look at the interplay between
CVD and QoL and how they changed during beginning
of the coronavirus pandemic and the first two lockdowns
in the UK. The uniqueness of the current study is that it is
an extension of an earlier paper [34], which examined the
association between key baseline characteristics, CVD,
and QoL over the nine core waves of ELSA, but now
through the eyes of a global pandemic. It investigated
how one of the most at-risk groups, the ageing popula-
tion of people aged 50 years and above, were affected by
the pandemic, and how the factors related to QoL dif-
fered pre and post-pandemic.

The longitudinal nature of this study is a key strength
as it allows changes in CVD and QoL over time, not
just at one static timepoint like in cross-sectional stud-
ies. This allows temporal changes in the outcomes to be
measured and see what factors correlate to the trends of
these outcomes. ELSA is an observational study so causa-
tion cannot be assumed, only correlation. Furthermore,
despite the longitudinal design of this paper, only three
timepoints were analysed, with the latter two only a few
months apart from each other. Future work assessing
multiple timepoints over more consistent periods would
be beneficial. The study analysed validated questionnaires
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using robust statistical analysis, along with comprehen-
sive post-estimation and assumption testing. This study
relied on self-reported data, which introduces poten-
tial recall bias, and the amount of missing data for key
variables.

Additionally, White participants made up the vast
majority (95%) of the ELSA study during the waves anal-
ysed in this paper. As ethnicity is a major factor in CVD,
it may have played a significant role in the models ana-
lysed, but due to the difference between the number of
White and Non-white participants, this effect may have
been missed out.

The ELSA project is a survey of people in England liv-
ing in residential homes only. This could pose a general-
isability issue as it misses out the experiences of people
living in care or nursing homes, or in hospital., however
small in quantity they may be These people may be most
at-risk than the general population, so an estimate for
these people would be valuable also.

Implications and future research

The results of this paper are important as knowing the
demographics which are the most at-risk allows limited
health services and resources to be directed to these key
groups and allocated much more effectively. Due to the
lockdown, women had increased responsibilities in the
household which affected their QoL. This was also the
case with people unable to exercise or partake in physical
activity while being stuck at home. Furthermore, quaran-
tines increased depression, possibly due to loneliness, in
people and lowered QoL.

Future work assessing the longitudinal trend of QoL
over more timepoints that are consistently spaced out
will be beneficial to see long-term effects of CVD on
QolL, and if that echoes results found elsewhere where
CVD affects QoL only in the short-term, and how this is
affected by a worldwide pandemic. Interactions between
women and how their workload changed during lock-
down, and lack of physical activity or socialising should
be studied also.

Conclusion

This study identified the risk factors that predicted devel-
oping CVD and changes in QoL in adults over 50 years
during the COVID-19 lockdown in the UK in early and
late 2020. Risk factors of both outcomes included age,
depression, deprivation index, gender, and physical activ-
ity. CVD was a predictor of low QoL only at the first
COVID wave, not the second. Ethnicity was associated
with QoL, where Non-white participants had lower QoL
compared to Whites. In conclusion, the results of this
study are significant as they show how the coronavirus
pandemic and subsequent lockdown orders influenced
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developing CVD and how that played a part in a decrease
in QOL for participants of ELSA.

Acknowledgements
Not applicable.

Authors’ contributions

MP: Conceptualization, methodology, formal analysis, writing — original,
writing — review and editing, project administration. OU: Validation,
supervision, writing - original, writing-review and editing. Both authors read
and approved the final manuscript.

Funding
Open access fees were covered by financial support from the University of
Warwick Research Development Fund.

Data Availability
The datasets generated and/or analysed during the current study are available
in the UK Data Service (https://beta.ukdataservice.ac.uk/datacatalogue/series/
series?id=200011).

Declarations

Ethnics approval and consent to participate

All experiments were performed in accordance with relevant guidelines and
regulations (such as the Declaration of Helsinki. This study received ethical
approval from the South Central — Berkshire Research Ethics Committee on
10th May 2018 (17/5C/0588). Informed consent was obtained from all ELSA
participants prior to entry into this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 1 February 2023 / Accepted: 16 June 2023
Published online: 05 July 2023

References

1. University AJH. COVID-19 dashboard by the Center for Systems Science and
Engineering (CSSE) at Johns Hopkins University (JHU) [.

2. Ferndndez-de-las-Pefas C. Long COVID: current definition. Infection.
2022,50(1):285-6.

3. Crook H, Raza S, Nowell J, Young M, Edison P. Long covid—mechanisms, risk
factors, and management. BMJ. 2021;374:n1648.

4. DaitchV, Yelin D, Awwad M, Guaraldi G, Mili¢ J, Mussini C, et al. Characteristics
of long-COVID among older adults: a cross-sectional study. Int J Infect Dis.
2022;125:287-93.

5. Dhingra R, Vasan RS. Age as a risk factor. Med Clin. 2012;96(1):87-91.

6. Wannamethee G, Shaper AG. Physical activity and stroke in british middle
aged men. BMJ. 1992,304(6827):597.

7. Piccirillo JF, Vlahiotis A, Barrett LB, Flood KL, Spitznagel EL, Steyerberg EW. The
changing prevalence of comorbidity across the age spectrum. Crit Rev Oncol
Hematol. 2008,67(2):124-32.

8.  LeritzEC, McGlinchey RE, Kellison |, Rudolph JL, Milberg WP. Cardiovascular
Disease Risk factors and cognition in the Elderly. Curr Cardiovasc Risk Rep.
2011,5(5):407.

9. Jousilahti P, Vartiainen E, Tuomilehto J, Puska P, Sex. Age, Cardiovascular Risk
factors, and Coronary Heart Disease. Circulation. 1999,99(9):1165-72.

10. Sze 'S, Pan D, Nevill CR, Gray LJ, Martin CA, Nazareth J et al. Ethnicity and
clinical outcomes in COVID-19: a systematic review and meta-analysis. eClini-
calMedicine. 2020;29.

11. Raharja A, Tamara A, Kok LT. Association between ethnicity and severe COVID-
19 disease: a systematic review and Meta-analysis. J Racial Ethnic Health
Disparities. 2021;8(6):1563-72.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

Page 10 of 11

Rodriguez F, Solomon N, de Lemos JA, Das SR, Morrow DA, Bradley SM, et

al. Racial and ethnic differences in presentation and outcomes for patients
hospitalized with COVID-19: findings from the American Heart Association’s
COVID-19 Cardiovascular Disease Registry. Circulation. 2021;143(24):2332-42.
Sapey E, Gallier S, Mainey C, Nightingale P McNulty D, Crothers H, et al. Eth-
nicity and risk of death in patients hospitalised for COVID-19 infection in the
UK: an observational cohort study in an urban catchment area. BMJ Open
Respiratory Research. 2020;7(1):e000644.

Santorelli G, Sheldon T, West J, Cartwright C, Wright J. COVID-19 in-patient
hospital mortality by ethnicity. Wellcome Open Res. 2020;5:86.

Nabel EG. Cardiovascular Disease. N Engl J Med. 2003;349(1):60-72.

Tsao CWAA, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS, Boehme
AK, Buxton AE, Carson AP, CommodoreMensah Y, Elkind MSV, Evenson KR,
Eze-Nliam C, Ferguson JF, Generoso G, Ho JE, Kalani R, Khan SS, Kissela BM,
Knutson KL, Levine DA, Lewis TT, Liu J, Loop MS, Ma J, Mussolino ME, Nava-
neethan SD, Perak AM, Poudel R, Rezk-Hanna M, Roth GA, Schroeder EB, Shah
SH, Thacker EL, VanWagner LB, Virani SS, Voecks JH, Wang N-Y, Yaffe K, Martin
SS, on behalf of the American Heart Association Council on Epidemiology
and Prevention Statistics Committee and Stroke Statistics Subcommittee. ;.
Heart disease and stroke statistics—2022 update: a report from the American
Heart Association [published online ahead of print Wednesday, January 26,
2022].2022.

Chatzinikolaou A, Tzikas S, Lavdaniti M. Assessment of Quality of Life in
patients with Cardiovascular Disease using the SF-36, MacNew, and EQ-5D-5L
questionnaires. Cureus. 2021;13(9):e17982.

Saglain M, Riaz A, Ahmed A, Kamran S, Bilal A, Ali H. Predictors of Health-
Related Quality-of-life Status among Elderly Patients with Cardiovascular
Diseases. Value in Health Regional Issues. 2021;24:130-40.

Caroline Sophie A, Sebastian F, Stephan A, Peter E, Ulrike G, Jirgen H, et al.
Well-being paradox'revisited: a cross-sectional study of quality of life in over
4000 adults with congenital heart disease. BMJ Open. 2021;11(6):e049531.
Tan MC, Ng OC, Wong TW, Hejar AR, Anthony J, Sintonen H. The association
of cardiovascular disease with impaired health-related quality of life among
patients with type 2 diabetes mellitus. Singap Med J. 2014;55(4):209-16.
Poudel AN, Zhu S, Cooper N, Roderick P, Alwan N, Tarrant C, et al. Impact of
Covid-19 on health-related quality of life of patients: a structured review.
PLoS ONE. 2021;16(10):20259164.

Pieh C, Budimir S, Delgadillo J, Barkham M, Fontaine JRJ, Probst T. Mental
Health during COVID-19 Lockdown in the United Kingdom. Psychosom Med.
2021,83(4).

Geirdal A, Ruffolo M, Leung J, Thygesen H, Price D, Bonsaksen T, et al. Mental
health, quality of life, wellbeing, loneliness and use of social media in a time
of social distancing during the COVID-19 outbreak. A cross-country compara-
tive study. J Mental Health. 2021;30(2):148-55.

Natasha C, Sabrina R, Nick B, Srinivasan V, Tom S, Tochukwu A, et al. COVID-19
prevalence and the impact on quality of life from stringent social distancing
in a single large UK rheumatology centre. Ann Rheum Dis. 2021;80(6):93.
Rubina S, Faraz MA, Stuart JN, John RI, Sam MS, Andrew YF. Measuring the
impact of COVID-19 on the quality of life of the survivors, partners and
family members: a cross-sectional international online survey. BMJ Open.
2021;11(5):e047680.

Xiong J, Lipsitz O, Nasri F, Lui LMW, Gill H, Phan L, et al. Impact of COVID-19
pandemic on mental health in the general population: a systematic review. J
Affect Disord. 2020;277:55-64.

Steptoe A, Kivimaki M. Stress and cardiovascular disease. Nat Rev Cardiol.
2012,9(6):360-70.

Morley JE, Vellas B. COVID-19 and older adult. J Nutr Health Aging.
2020,24(4):364-5.

North BJ, Sinclair DA. The intersection between Aging and Cardiovascular
Disease. Circul Res. 2012;110(8):1097-108.

Development of the World Health Organization WHOQOL-BREF quality of life
assessment. The WHOQOL Group Psychol Med. 1998;28(3):551-8.

Kola L, Kohrt BA, Hanlon C, Naslund JA, Sikander S, Balaji M, et al. COVID-

19 mental health impact and responses in low-income and middle-

income countries: reimagining global mental health. Lancet Psychiatry.
2021,8(6):535-50.

Rumsfeld JS, Alexander KP, Goff DC Jr, Graham MM, Ho PM, Masoudi FA, et al.
Cardiovascular health: the importance of measuring patient-reported health
status: a scientific statement from the American Heart Association. Circula-
tion. 2013;127(22):2233-49.

Banks J, Batty GD, Breedvelt JJF, Coughlin K, Crawford R, Marmot M, Nazroo

J, Oldfield Z, Steel N, Steptoe A, Wood M, Zaninotto P. (2021). English


https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=200011
https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=200011

Patel and Uthman BMC Public Health

34.

35.

36.

37.

38.

39.

40.

42.

43.

(2023) 23:1294

Longitudinal Study of Ageing: Waves 0-9, 1998-2019 [data collection]. 36th
Edition. UK Data Service. SN: 5050.

Patel M, Uthman O. Impact of quality of life in developing cardiovascular
disease later in life: graphical chain model of the English Longitudinal Study
of Ageing (ELSA). Arch Gerontol Geriatr. 2023;104:104820.

Levine SZ. Evaluating the seven-item center for epidemiologic studies
depression scale short-form: a longitudinal U.S. community study. Soc Psy-
chiatry Psychiatr Epidemiol. 2013;48(9):1519-26.

Weir CB, Jan A. BMI Classification Percentile And Cut Off Points: StatPearls
Publishing, Treasure Island (FL); 2021 2021.

StataCorp. Stata Statistical Software: Release 17. College Station. TX: Stata-
Corp LLG; 2021.

Hossain MJ, Ahmmed F, Khan MR, Rashid PT, Hossain S, Rafi MO et al. Impact
of prolonged COVID-19 lockdown on body Mass Index, Eating Habits, and
physical activity of University students in Bangladesh: a web-based cross-
sectional study. Front Nutr. 2022,9.

Torales J, O'Higgins M, Castaldelli-Maia JM, Ventriglio A. The outbreak of
COVID-19 coronavirus and its impact on global mental health. Int J Soc
Psychiatry. 2020,66(4):317-20.

Patel M, Abatcha S, Uthman O. Ethnic differences between South Asians and
White Caucasians in cardiovascular disease-related mortality in developed
countries: a systematic literature review. Syst Reviews. 2022;11(1):207.
Rodgers JL, Jones J, Bolleddu SI, Vanthenapalli S, Rodgers LE, Shah K et al.

Cardiovascular Risks Associated with gender and aging. J Cardiovasc Dev Dis.

2019;6(2).

Zaninotto P, Falaschetti E, Sacker A. Age trajectories of quality of life among
older adults: results from the English Longitudinal Study of Ageing. Qual Life
Res. 2009;18(10):1301-9.

Bautista LE, Vera-Cala LM, Colombo C, Smith P. Symptoms of depression and
anxiety and adherence to antihypertensive medication. Am J Hypertens.
2012;25(4):505-11.

44,

45.

46.

47.

48.

49.

50.

51.

Page 11 of 11

Kronish IM, Rieckmann N, Halm EA, Shimbo D, Vorchheimer D, Haas DC, et al.
Persistent depression affects adherence to secondary prevention behaviors
after acute coronary syndromes. J Gen Intern Med. 2006;21(11):1178-83.
Whooley MA, de Jonge P, Vittinghoff E, Otte C, Moos R, Carney RM, et al.
Depressive symptoms, health behaviors, and risk of cardiovascular events in
patients with coronary heart disease. JAMA. 2008,300(20):2379-88.

Cohen BE, Edmondson D, Kronish IM. State of the art review: depres-

sion, stress, anxiety, and Cardiovascular Disease. Am J Hypertens.
2015;28(11):1295-302.

Mei S, Qin Z,Yang Y, Gao T, Ren H, Hu Y, et al. Influence of life satisfaction on
quality of life: mediating roles of depression and anxiety among Cardiovascu-
lar Disease Patients. Clin Nurs Res. 2020;30(2):215-24.

BucciarelliV, Nasi M, Bianco F, Seferovic J, Ivkovic V, Gallina S, et al. Depression
pandemic and cardiovascular risk in the COVID-19 era and long COVID syn-
drome: gender makes a difference. Trends Cardiovasc Med. 2022;32(1):12-7.
Biroli P, Bosworth S, Della Giusta M, Di Girolamo A, Jaworska S, Vollen J. Family
Life in Lockdown. Front Psychol. 2021;12:687570.

Lippi G, Henry BM, Sanchis-Gomar F. Physical inactivity and cardiovascular
disease at the time of coronavirus disease 2019 (COVID-19). Eur J Prev Cardiol.
2020;27(9):906-8.

Cheng S-J, Yu H-K, Chen Y-C, Chen C-Y, Lien W-C, Yang P-Y, et al. Physical
activity and risk of Cardiovascular Disease among older adults. Int J Gerontol.
2013;7(3):133-6.

Pina A, Castelletti S. COVID-19 and Cardiovascular Disease: a global perspec-
tive. Curr Cardiol Rep. 2021;23(10):135.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Risk factors for newly-developed cardiovascular disease and quality of life during the COVID − 19 pandemic: an analysis of the English longitudinal study of ageing
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data sources
	﻿Outcomes
	﻿Exposure variables
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Factors associated with newly-developed CVD
	﻿Factors associated with quality of life

	﻿Discussion
	﻿Main findings
	﻿Strengths and limitations
	﻿Implications and future research

	﻿Conclusion
	﻿References


