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The emerging SARS-CoV-2 pandemic captured 
worldwide attention in the first months of 2020.1 
Most people who become infected have mild disease 
or are asymptomatic, but many have severe and often 
fatal disease. Older age quickly emerged as the most 
important risk factor for poor outcomes, but obesity was 
one of a number of other factors rapidly identified as 
being associated with COVID-19-associated mortality.2

In The Lancet Diabetes & Endocrinology, Min Gao, 
Carmen Piernas, and colleagues3 present detailed 
research on the risk of severe COVID-19 outcomes in 
people with high BMI. This comprehensive study builds 
on earlier evidence by examining a range of outcomes 
across the full spectrum of BMI. Using the QResearch 
database of electronic primary care records in England, 
UK, linked to SARS-CoV-2 testing results, hospital 
admissions, and death registration data, Gao and 
colleagues identified over 6·9 million individuals with 
at least one BMI record aged 20 years and older who 
had available data on the QResearch system between 
Jan 24 and April 30, 2020, among whom 13 503 hospital 
admissions, 1601 intensive care unit (ICU) admissions, 
and 5479 deaths due to COVID-19 occurred within 
the study period (data cutoff April 30, 2020). J-shaped 
associations were observed between BMI and COVID-19 
hospital admissions and deaths; for hospital admissions, 
risk began to increase linearly above a BMI of 23 kg/m², 
whereas the increase in risk of death began to increase 
linearly at a slightly higher BMI of 28 kg/m², in keeping 
with the association between BMI and a wide range 
of cause-specific mortality outcomes.4 A strong age 
interaction was observed, with unit increase in BMI 
being associated with large increases in risk for the 
youngest age group (20–39 years), and no association in 
the oldest age group (≥80 years). 

The authors also identified an increased risk of 
admission to hospital and death due to COVID-19 
at the lowest BMI levels, which is a new insight not 
addressed by early COVID-19 research that focussed 
on obesity. A limitation of the analysis presented by 
Gao and colleagues is that interactions were only 
assessed in those with a BMI of 23 kg/m² or higher, so 
that the association between underweight and risk in 

older age groups (in whom low BMI is common) could 
not be discerned. Interestingly, by contrast with other 
outcomes, BMI was approximately linearly associated 
with ICU admission throughout the BMI range, with 
no increase in risk at low BMIs. This observation is 
not straightforward to interpret. An ICU admission 
reflects not only severe disease, but also the complex 
clinical decision making process around whether a 
patient is likely to tolerate and benefit from intensive 
treatment.5 The reduced risk of ICU admission in 
underweight individuals is likely to reflect the most at-
risk underweight patients being deemed unsuitable for 
intensive care. 

Another important limitation of the study is that 
over one million individuals had no BMI record 
available, and were excluded from the main analyses. 
The availability of many millions of routinely collected 
BMI records is a strength of UK primary care data 
sources, but missing data are a common problem, 
especially because BMI might be more likely to be 
recorded if outside the healthy weight range, violating 
the so-called missing at random assumption needed 
for popular multiple imputation approaches.6 Gao 
and colleagues should be commended for providing 
descriptive data on these individuals, among whom a 
higher proportion were young (aged 20–39 years) and 
male than in the population with BMI measurements. 
Restriction of analyses to those with complete data 
can be a reasonable approach even if they are not fully 
representative of the broader patient population, 
provided the association between BMI and outcomes 
is correctly represented by those included.7 A further 
important limitation is that investigating severe 
COVID-19 outcomes in a general population-based 
cohort does not allow one to disentangle whether 
BMI is associated with risk of infection, progression 
to severe disease once infected, or both. Mechanistic 
hypotheses to date have suggested that an imbalance 
in pro-inflammatory and anti-inflammatory cytokines 
at higher BMI might promote more severe COVID-19  
disease than in those with a lower BMI.8 However, any 
epidemiological study using available large-scale data 
is unlikely to be able to reliably isolate the association 
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between BMI and outcomes in infected individuals 
because this would require large-scale representative 
testing data to identify both asymptomatic and 
symptomatic infection. In reality, COVID-19 testing in 
the UK and most other settings has been systematically 
targeted towards those with symptoms, making a 
positive test an insensitive and selective marker of 
infection, and those testing positive a biased sample in 
which to examine severe disease outcomes. For similar 
reasons, Gao and colleagues rightly avoided a focus on 
outcomes among patients already in hospital.9

People with a BMI of more than 40 kg/m² were 
recognised early on in public health guidance as being at 
increased risk of severe COVID-19 outcomes, and BMI is 
now being used in risk prediction tools that are informing 
vaccine prioritisation,10 highlighting the importance of 
obtaining a detailed understanding of the association 
between BMI and COVID-19 outcomes to inform policy. 
Key future research priorities will be to establish whether 
BMI affects vaccine efficacy, and to understand whether 
people outside the BMI range considered to be healthy 
(18·5–24·9 kg/m²) are at increased risk of post-COVID-19 
sequelae. Further careful epidemiological study of these 
and other emerging questions will inform the ongoing 
public health response to this new disease that is likely 
here to stay.
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The knowns and unknowns of teprotumumab for thyroid 
eye disease 

The clinical symptoms of thyroid eye disease (also 
termed Graves’ orbitopathy) are the consequence 
of autoimmune-mediated inflammation in the eye 
muscles, periorbital connective tissue, and lacrimal 
gland. The treatment of moderate-to-severe thyroid 
eye disease remains a challenge and is focused 
mainly on: (1) achievement of stable euthyroidism 
and reducing other risk factors for progression (eg, 
smoking); (2) immunosuppression in the active phase; 
and (3) rehabilitative treatments (such as orbital 
decompression surgery, squint surgery, or eyelid surgery), 
which are mostly reserved for the inactive phase of the 
disease.1 Immunosuppressive agents that have shown 
benefit in randomised trials of thyroid eye disease 
include high-dose intravenous glucocorticoid pulsed 

therapy, mycophenolate, tocilizumab, rituximab, and 
retrobulbar irradiation. Nearly three decades ago, it was 
recognised that orbital fibroblasts from patients with 
thyroid eye disease expressed receptors for insulin-like 
growth factor 1.2 Progress in understanding the roles of 
thyroid-stimulating hormone receptors and insulin-like 
growth factor 1 receptors in the pathogenesis of thyroid 
eye disease has since led to a new targeted therapy, 
teprotumumab, which is an insulin-like growth factor 1 
receptor-blocking human monoclonal antibody. On the 
basis of results from two placebo-controlled randomised 
trials,3,4 teprotumumab became the first medical therapy 
approved by the US Food and Drug Administration (FDA) 
on Jan 1, 2020, for treating thyroid eye disease. However, 
thyroid eye disease is a heterogeneous condition that 
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