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It has been known for several decades that there is a 
transient increase in the risk of myocardial infarction 
and stroke in association with influenza, pneumonia, 
acute bronchitis, and other chest infections.1–4 It is 
against this background that Ioannis Katsoularis and 
colleagues5 studied a possible association of these 
conditions with COVID-19 during the first wave of 
the pandemic in Sweden, between February and 
September, 2020, which they report in The Lancet. 
The study linked data from the national registers for 
outpatient and inpatient clinics and the cause of death 

register for all 86 742 people (median age 48 years 
[IQR 31–62]; 37 235 [43%] male, 49 507 [57%] female) 
with COVID-19 who were reported to SmiNet (Swedish 
Public Health Agency) and 348 481 matched controls. 
Two analysis methods were used to assess the association 
of COVID-19 with the risk of acute myocardial infarction 
and of ischaemic stroke. First, the investigators used the 
self-controlled case series (SCCS) method to compare 
incidence rate ratios (IRRs) for first acute myocardial 
infarction and ischaemic stroke before and after patients 
were determined to have COVID-19. Second, they used a 

What is the association of COVID-19 with heart attacks and 
strokes?

whether this low adherence reflects gastrointestinal 
symptoms, aversion to injections, or other factors.

Important questions remain. First, how much does 
GIP receptor stimulation contribute to the effects of 
tirzepatide? GIP has incompletely understood effects on 
adipose tissue, intestinal blood flow, glucagon secretion, 
and even bone resorption; moreover, its insulinotropic 
effect can be restored, in part, with fastidious glycaemic 
control.8 Historically, the evaluation of GIP actions has 
been hampered by species differences, but a human 
GIP receptor antagonist is now available, and should 
be used in future mechanistic studies.9 Second, does 
persistent slowing of gastric emptying by GLP-1 
receptor stimulation contribute to the substantial 
reductions in postprandial glycaemia by tirzepatide? 
The SURPASS-3 investigators dismiss this possibility, but 
at least one long-acting GLP-1 receptor agonist, once-
weekly exenatide, maintains a substantial effect to slow 
gastric emptying with sustained use.10 This possibility 
should be evaluated for tirzepatide, and other GLP-1 
receptor agonists, using the gold standard method of 
scintigraphy, rather than the suboptimal paracetamol 
absorption test.11 More personalised use of peptides 
with GLP-1 activity will be facilitated by clarifying their 
effects on both gastrointestinal symptoms and gastric 
emptying. Finally, the positioning of tirzepatide in the 
therapeutic algorithm will be influenced by emerging 
information on cardiovascular outcomes, fatty liver 
disease, renal protection, and durability of effects, which 
is awaited with interest.
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matched cohort study to compare the odds of an acute 
myocardial infarction or ischaemic stroke in the 14 days 
following onset of COVID-19 with control individuals 
who did not have a diagnosis of COVID-19 and who 
were similar in age, sex, and region, with additional 
adjustment for comorbid disease, income, education, 
and country of birth.5

Because the actual date of infection was unknown, the 
researchers defined the closest available surrogate (the 
date of COVID-19 symptom onset, SARS-CoV-2 sample 
date, or the date of the relevant clinic visit or hospital 
admission), and denoted it as day 0. There was a large 
peak of both acute myocardial infarctions and ischaemic 
strokes recorded on day 0. If day 0 was excluded, the risks 
of acute myocardial infarction were about three times 
higher in the first few weeks after COVID-19, irrespective 
of the study method (IRR 2·89 [95% CI 1·51–5·55] in 
the first week and 2·53 [1·29–4·94] in the second week 
after day 0 in the SCCS study, and odds ratio [OR] 3·41 
[95% CI 1·58–7·36] in the first 2 weeks in the matched 
cohort study). If day 0 was included, the risks of acute 
myocardial infarction were much higher (IRR 8·44 
[95% CI 5·45–13·08] in the first week and 2·56 [1·31–5·01] 
in the second week after day 0 in the SCCS study, and 
OR 6·61 [95% CI 3·56–12·20] in the first 2 weeks in 
the matched cohort study). Similarly, COVID-19 was 
associated with a three times higher risk of ischaemic 
stroke when day 0 was excluded (IRR 2·97 [95% CI 
1·71–5·15] in the first week and 2·80 [1·60–4·88] in the 
second week after day 0 in the SCCS study, and OR 3·63 
[95% CI 1·69–7·80] in the first 2 weeks in the matched 
cohort study). Again, the risks were much higher when 
day 0 was included (IRR 6·18 [95% CI 4·06–9·42] in the 
first week and 2·85 [1·64–4·97] in the second week after 
day 0 in the SCCS study, and OR 6·74 [95% CI 3·71–12·20] 
in the first 2 weeks in the matched cohort study).

How should these results be interpreted, and what are 
their implications for the management of patients with 
COVID-19? The most important consideration is the 
potential for bias. Why is there such a striking peak of 
myocardial infarction and stroke on day 0? Such a peak 
could occur if COVID-19 is a potent cause of myocardial 
infarction and stroke, events that in turn lead patients 
to seek medical help, but it could also occur if patients 
presenting with such a condition were more likely to be 
tested for SARS-CoV-2 than those without symptoms 
suggestive of such a diagnosis (ie, a test bias). Excluding 

day 0 removes the potential for test bias, but might 
lead to an underestimate of the true risks of myocardial 
infarction and stroke secondary to COVID-19.

If there is indeed a moderately increased risk of 
myocardial infarction and stroke secondary to COVID-19, 
then why was there a 30–40% fall in admissions for both 
acute coronary syndromes6,7 and stroke8,9 during the first 
wave of the pandemic? The answer is that any possible 
attributable excess due to COVID-19 was far smaller 
than the numbers of people who did not seek medical 
attention for symptoms of acute coronary syndrome 
or stroke during this period. For myocardial infarction, 
for example, during the period from February to mid-
September, 2020, there were 381 000 confirmed cases of 
COVID-19 in the UK.10 The estimated excess attributable 
risk due to COVID-19 in the present study was 0·02%,5 
which, if it had been observed in the UK, would have 
caused about 76 additional myocardial infarctions, 
as compared with approximately 5000 people who 
might not have presented to hospital with myocardial 
infarction during the first wave of the pandemic.6

It seems reasonable to infer that the persistence of 
risk for several weeks after SARS-CoV-2 infection is 
consistent with COVID-19 causing an increased risk 
of thrombo-occlusive disease, as has been reported 
for other respiratory infections.1–4 The absolute risks 
are small, but further studies are needed to evaluate 
the time course of increased cardiovascular risk in 
patients with COVID-19 and to investigate possible 
mechanisms. However, it is important to keep in mind 
that the excess risks of myocardial infarction and stroke 
in a person with COVID-19 are substantially smaller 
than those resulting from respiratory failure.
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The end of the Millennium Development Goals era 
marked progress in global under-5 mortality, but this 
was largely inequitable.1 Since the introduction of the 
Sustainable Development Goals (SDGs) much evidence 
has indicated the necessity of an integrative and 
intersectoral approach to the global health agenda.2–4 
In recognition of this, education has been considered a 
core social determinant of health, with SDG 4 focusing 
on ensuring inclusive and equitable quality education 
and promoting lifelong learning opportunities for all, 
with an explicit indicator on better education for girls.

Evidence shows the positive relationship between 
parental education and child health indicators, and in 
particular the contribution of maternal education to 
declines in child mortality.5,6 Pathways include economic 
empowerment, health literacy, health-care-seeking 
behaviours, working conditions, family structure, and 
provision of opportunities for quality early childhood 
development and education.7,8 Maternal education 
potentially results in the acquisition of literacy skills, 
economic independence, and independent decision 
making, leading to improved health-care-seeking 
behaviour that consequently can improve health-care 
and vaccination coverage among children and reduced 
burden of childhood diseases and mortality.9–11

In The Lancet, Mirza Balaj and colleagues report their 
comprehensive global systematic review and meta-
analysis that estimated the total reductions in under-5 
mortality associated with increased maternal and 
paternal education.12 300 studies from 92 countries were 
synthesised, including data from 114 Demographic and 
Health Surveys (DHS), published between 1982 and 2020, 
capturing 3 112 474 livebirths. The authors implemented 
novel mixed-effects meta-regression models to address 

heterogeneity in referent and exposure measures among 
the studies and to adjust for study-level covariates 
(wealth or income, partner’s years of schooling, and sex 
of the child). This study quantified the transgenerational 
importance of parental education for child survival, 
suggesting a global dose–response relationship between 
increased maternal and paternal education and greater 
survival at all ages under 5 years. Balaj and colleagues 
reported a reduction in under-5 mortality of 31·0% 
(95% CI 29·0–32·6) for children born to mothers with 
12 years of education and 17·3% (15·0–18·8) for children 
born to fathers with 12 years of education, compared 
with those born to a parent with no education. Moreover, 
adding a single year of schooling was, on average, 
associated with a reduction in under-5 mortality of 
3·04% (2·82–3·23) for maternal education and 1·57% 
(1·35–1·72) for paternal education. Balaj and colleagues 
suggest that maternal education was a stronger predictor 
of under-5 mortality than was paternal education for 
children across all age groups. They conclude that both 
lower maternal and paternal education are risk factors for 
child mortality, even after controlling for other markers 
of family socioeconomic status that can influence child 
health, including wealth or income, partner’s years of 
schooling, and sex of the child.

Notwithstanding the evidence, this study has 
highlighted some limitations and crucial data gaps to 
consider while interpreting the findings, as well as for 
future research. First, the findings are based on ecological 
snapshots from the DHS and other data sources that carry 
inherent data limitations, including availability and quality 
of the variables reported. Consequently, some important 
variables such as health-care coverage, immunisation 
rates, nutrition indicators, and burden of infectious 
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