“Obesity during the COVID-19 pandemic: Both a cause of high risk and a
potential effect of lockdown; A population-based electronic health record study”
ABSTRACT

Objectives: Obesity is a modifiable risk factor for coronavirus(COVID-19)-related mortality.
We estimated excess mortality in obesity, both “direct”, through infection, and “indirect”,

through changes in healthcare, and also due to potential increasing obesity during lockdown.

Study design: Retrospective cohort study and causal inference methods

Methods: In population-based electronic health records for 1 958 638 individuals in England,
we estimated 1-year mortality risk(“direct” and “indirect” effects) for obese individuals,
incorporating: (i)pre-COVID-19 risk by age, sex and comorbidities, (ii)population infection rate,
and (iii)relative impact on mortality(relative risk, RR: 1.2, 1.5, 2.0 and 3.0). Using causal
inference models, we estimated impact of change in body-mass index(BMI) and physical
activity during 3-month lockdown on 1-year incidence for high-risk conditions(cardiovascular
diseases, CVD; diabetes; chronic obstructive pulmonary disease, COPD and chronic kidney

disease, CKD), accounting for confounders.

Results: For severely obese individuals (3.5% at baseline), at 10% population infection rate,
we estimated direct impact of 240 and 479 excess deaths in England at RR 1.5 and 2.0
respectively, and indirect effect of 383 to 767 excess deaths, assuming 40% and 80% will be
affected at RR=1.2. Due to BMI change during the lockdown, we estimated that 97 755 (5.4%:
normal weight to overweight, 5.0%: overweight to obese and 1.3%: obese to severely obese)
to 434 104 individuals (15%: normal weight to overweight, 15%: overweight to obese and 6%:
obese to severely obese) individuals would be at higher risk for COVID-19 over one year.

Conclusion: Prevention of obesity and promotion of physical activity are at least as important

as physical isolation of severely obese individuals during the pandemic.
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Introduction

By 13 June 2020, there were 429 878 deaths and 7 800 566 people infected worldwide in the
coronavirus (COVID-19) pandemic(1). Over one third of the world’s population (over 3 billion
people) is estimated to be under some form of “lockdown”, describing policy-driven,

population-level physical isolation to avoid spread of infection(2).

It is clear that the pandemic presents a profound insult directly through infection, but also

indirectly through behaviour change at individual level (e.g. due to changes to employment

and income, access to education and social isolation) (3), as well as athealth system level(4).
Moreover, as countries plan strategies to exit or scale down lockdown, policies to tackle
COVID-19 may have unintended consequences on healthcare and outcomes for non-COVID-

19 diseases, which we reported for cancer and cardiovascular diseases (CVD)(5,6).

On 16 March 2020, the UK government specified “high-risk” (now “vulnerable”) subgroups in

case of infection (7), moving to the pandemic’s “delay” phase with stringent “physical-
distancing” measures. On 22 March 2020, it announced 12 weeks of ‘shielding’ for 1.5 million
“‘extremely vulnerable” people in England with underlying conditions (including severe COPD),
but without data underpinning the list of “extremely vulnerable” or “high-risk” conditions(8). On

23 March, the UK lockdown was announced, which is being eased since 11 May.

Among high-risk individuals, severe obesity (body-mass index, BMI 240) is a risk factor
modifiable in relevant timescales(9). Obesity is common among COVID-19 patients,
associated with increasing severity of the disease(10-11). Thus, physical isolation seems
reasonable, but impact of age, sex and underlying conditions needs to be better characterised
to better tailor policies if further lockdown periods are necessary. Regardless of COVID-19,
obesity is associated with increased risk of several chronic conditions, including CVD,
diabetes, chronic obstructive airways disease (COPD) and chronic kidney disease (CKD)(12).
Prolonged periods of physical isolation could reduce physical activity and increase

obesity(13), leading to more people being at high risk during the pandemic.

Using population-based electronic health records (EHR) in England, we estimated: (i)
background mortality in severe obesity by underlying risk factors; (ii) direct and indirect excess

deaths in individuals with severe obesity; and (iii) impact of BMI gain and physical activity on



the incidence of the most common high-risk diseases for COVID-19 (the most important high-

risk condition in case of infection, as defined by NHS), and mortality.

Methods

Data sources

We used EHR across primary care(Clinical Practice Research Datalink, CPRD-GOLD),
hospitals(Hospital Episodes Statistics, HES), and death registry(Office of National Statistics,
ONS) with prospective recording and follow-up; linked by CPRD and NHS Digital using unique
healthcare identifiers(14). Over 99% of England’s population is general practice(GP)-
registered. CPRD is representative by socio-demography and ethnicity(15). Approval was by
the Independent Scientific Advisory Committee (18 _010R) of the UK Medicines and
Healthcare products Regulatory Agency in accordance with the Declaration of Helsinki.

Study population and electronic health record phenotypes

Eligible individuals were 18-69 years old and registered with a GP between 1 January 1998
and 30 June 2016 with BMI and weight data and at least one year of follow-up. Demographic
[age, gender, index of multiple deprivation (IMD) quintiles and geographic region] and baseline
characteristics were recorded at study entry(1 year following latest GP registration)(16). We

excluded those 270 years of age to focus on high-risk individuals due to obesity alone.

Weight(kg), height(m) and BMI(kg/m?) are recorded during GP registration, health checks and
at clinical discretion(17). For those with >1 BMI measurement, we selected an eligible BMI
record at random during the study period. We excluded BMI records(Figure S1): in pregnancy;
if 2 same-day observations differed by >0.5 kg/m?; if an individual's highest BMI was more
than double their lowest BMI record; and where absolute difference between recorded and
calculated BMI on the same date was >1 kg/m?. We defined underweight (BMI<18.5kg/m?),
normal  weight (BMI=18.5-24.9kg/m?), overweight (BMI=25-29.9kg/m?), obesity
(BMI=30kg/m?) and severe obesity (BMI=240kg/m? (Web supplement).

Estimating 1-year mortality

We estimated pre-COVID-19 1-year mortality risk with and without severe obesity using
Kaplan-Meier analyses stratified by comorbidities(0, 1, 2 and 3+), scaling from
CPRD(N=1,958,184) to the whole English population, aged 18-69 (n=36,621,520 in 2018(18)).



Estimating 1-year direct and indirect excess deaths in people with severe obesity

Excess deaths were considered as direct(due to or with infection) or indirect(due to changes
in health services). Direct excess deaths were estimated by applying relative risks, RRs, of
1.2, 1.5, 2 and 3, based on published hazard ratios for CVD and COVID-19 deaths(19), in the
absence of cohort studies of clinical cohorts of obese patients investigating all-cause mortality
in those with and without infection. We modelled 10% infection rate (population prevalence of
previous infection) based on recent seroprevalence estimates(20,21). Although infection rate
will change depending on pandemic phase, we assumed infection rate over 1 year in line with
the first wave. For the calculation of the excess number of deaths, we first calculated the
cumulative risk of mortality over a one-year mortality risk from ONS (18) (in 2018, there were
106,656 deaths in 36,621,520 individuals aged 18-69 years old, i.e. 1-year mortality
risk=0.2912%) and we used a bias correction factor to account for the fact that we expected
higher mortality in people with at least one BMI measurement in CPRD. We applied a bias
correction factor because we didn’t want to assume that the mortality rate in individuals who
measured their BMI in the practice (between 1998-2016) have the same mortality with the
(healthier) individuals who didn'’t.

For direct and indirect excess deaths, we modelled 40% and 80% population affected rates,
where 30% and 70% respectively were un-infected but affected at corresponding RRs. Based
on RRs from ONS data(1.29 for excess non-COVID-19 deaths) and likely longer-term effects
on mortality, we estimated direct and indirect excess deaths together by applying RR 1.2 to
40% and 80% of the population. Thus, we provide low(infection rate 10%; no indirect effect at
RR 1.5, 2.0 and 3.0), medium(infection rate 10%; 30% indirectly affected at RR 1.2) and
high(infection rate 10%; 70% indirectly affected at RR 1.2) estimates, projected to the whole
English population.

Estimating direct and indirect effect of severe obesity on mortality

In Table S1, we estimated associations between BMI240kg/m? and 1-year mortality using Cox
regression models, adjusting for: (1) age and sex; (2) model 1 + 16 combinations of baseline
CVD, diabetes, COPD and CKD; and (3) model 2 + baseline hypertension, gout, rheumatoid
arthritis and diuretic use. We estimated the severe obesity effect on mortality that is mediated
through combinations of chronic diseases (indirect effect) by subtracting the model 1

estimate[(Hazard ratio-1)%] from that of models 2 and 3 (i.e. the difference method(22)).

Transition to increased BMI group and incidence of high-risk conditions



We investigated the following 3 transitions to higher BMI group: i) normal weight (BMI: 18.5-
24.9kg/m2) to overweight (BMI: 25.0-29.9kg/m2), ii) overweight (BMI: 25.0-29.9kg/m2) to
obese (BMI: 230kg/m2), and iii) obese (BMI: 30.0-39.9kg /m2) to severely obese (BMI:
240kg/m2). To calculate 1-year incidence of CVD, COPD, diabetes and CKD, with all and
none of the population increasing BMI group, we applied the parametric g-formula, separately
in normal weight, overweight and non-severely obese individuals depending on whether they
transitioned to a higher BMI group(Figure S2). Using logistic regression, adjusted for age,
sex, mental health conditions (recorded before first BMI measurement and during three
months of BMI change), hypertension (recorded before first BMI measurement and during
three months of BMI change), use of diuretics (recorded before first BMI measurement and
during three months of BMI change) and cancer (recorded before first BMI measurement), we
investigated associations between transition to higher BMI group and 1-year incidence and
mortality for the combined outcome. We used coefficients of the model to predict risk of the
outcome, if transition was set to zero (i.e. no transition to higher BMI group) and one (i.e.
transition to higher BMI group) for all individuals, with standardisation (the mean of all
predicted values) and non-parametric bootstrapping from 500 samples to calculate confidence
intervals. To estimate incidence of the combined outcome, we assumed different 3-month
transition scenarios: normal weight to overweight (5.4% to 15%), overweight to obese (5.0%
to 15%) and obese to severely obese(1.3% to 6%)(table 2). The 1st scenario of table 1, i.e.
5.4%, 5.0% and 1.4% was the observed one from our dataset (pre-COVID transitions). We
used 3 months in line with lockdown periods across different countries. In the same logistic
regression models, we added physical activity in 4 categories (low, gentle, moderate and
vigorous) to estimate its incremental association with 1-year incidence of CVD, diabetes,
COPD and CKD. All analyses were performed using Stata 16MP and R(version 3.4.3).

Results

Prevalence of underlying conditions

Figures S1 and S2 illustrate the numbers of individuals used in our analyses. The proportion
of individuals without comorbidities in individuals with BMI<40kg/m? was 84% and in
individuals with BMI240kg/m?, 70% (Figure S3). The prevalence of CVD, diabetes, COPD and

CKD and all their combinations were higher among people with severe obesity (Figure S3).

Baseline severe obesity and COVID-19 related excess 1-year mortality
Baseline 1-year mortality risk was 0.83% overall, so we used a bias correction factor of

0.83/0.2912=2.85 in our analysis for the excess deaths calculations (i.e. 0.2912 is the mortality
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from ONS in 2018 for individuals aged 18-69 years). Mortality at baseline was highest in
severely obese individuals age 60-69 with 22 underlying conditions(Figure 1). The total effect
of BMI240kg/m? on 1-year mortality is 1.53 (1.42-1.66), after age and sex adjustment (Table
S1). The proportion of obesity mediated through all combinations of CVD, diabetes, COPD
and CKD is 51%. With addition of gout, rheumatoid arthritis, psychiatric diseases and diuretic

use, this proportion is 73%.

At 10% COVID-19 infection rate, there would 240, 479 and 958 excess deaths at RR 1.5, 2.0
and 3.0 respectively in individuals with severe obesity. When 40% and 80% of the population
is affected, at RR 1.2, the total excess deaths are estimated to be 383 and 767 respectively

for severe obesity(Figure 2).

BMI transitions and 1l-year incidence of high-risk conditions

The risk of transition to a BMI category over 3 months was higher in younger individuals
(Figure 3) and for those who were closer to the cutoffs of transition (Figure 3). Transition to a
higher BMI group was related to an increased risk for incidence of CVD, COPD, diabetes and
CKD within 1 year: The odds ratios were 1.07 (0.78-1.48), 1.44 (1.16-1.80) and 1.50 (1.06-
2.13) for individuals with normal weight, overweight and obesity respectively (Table 1). The
risk of developing CVD, diabetes, COPD, and CKD in 1 year, would be 0.68% (0.48-0.90%),
2.35% (1.88-2.80%) and 3.52% (2.39-4.66%) if (due to lockdown) everybody transitioned from
normal weight to overweight, from overweight to obesity and from obesity to severe obesity
respectively. Conversely, the risk of developing these diseases would be 0.64% (0.58-0.69%),
1.65% (1.56-1.75%) and 2.39% (2.28-2.50%), if normal weight, overweight and obese

individuals, respectively, did not transition to higher BMI groups.

Assuming that 3-month BMI transitions are in line with average 3-month transitions in CPRD
(5.4% from normal weight to overweight, 5% from overweight to obese and 1.3% from obese
to severely obese), there would be 97 755 individuals at higher risk for COVID-19 in one year.
Assuming higher transition rates of 15% from normal weight to overweight, 15% from
overweight to obese and 6% from obese to severely obese respectively, we estimate 434 104
high risk individuals is (Table 2).

Physical activity and 1-year incidence of high-risk conditions

The incidence of high-risk conditions was reduced with moderate physical activity (OR 0.55,
0.30-0.99), but not with gentle (0.71, 0.38-1.31) and vigorous (0.74, 0.35-1.58) activity, in the
normal weight group. In overweight individuals, moderate (0.53, 0.38-0.74), and vigorous

(0.50, 0.30-0.84) activity were associated with a reduced incidence of high-risk conditions, but
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not gentle activity (0.76, 0.55-1.06). In obese individuals, gentle (0.78, 0.62-0.97), moderate
(0.64, 0.51-0.81), and vigorous (0.49, 0.30-0.81) activity were associated with a reduced
incidence of high-risk conditions (Table 3). Results remained similar, even after accounting
for missing values for physical activity (data not shown).

Discussion

In this large-scale, population-based EHR analysis regarding severe obesity, we investigated
excess mortality due to COVID-19 and due to lockdown in England with four main findings.
First, we found that severe obesity was generally not associated with high background
mortality risk, other than with two or more underlying conditions. Second, relatively few excess
deaths are likely to be directly or indirectly associated with severe obesity, compared with
obesity overall. Third, lockdown could result in 97 755 to 434 104 individuals transitioning to
“high-risk” groups for COVID-19 infection, with significant excess deaths in future. Fourth,
physical activity could be protective against adverse outcomes during lockdown.

Prevalence of obesity is increasing over the last decade in all countries, increasing the public
health importance of both baseline and excess COVID-19-related risk(8). In obesity and
severe obesity, the risk of diabetes and CVD is two and ten times higher than non-obese
people, respectively(23), while weight gain is an independent risk factor for both diabetes and
CVD(24). We predict that, as at baseline, most of the excess mortality associated with COVID-
19 in severely obese individuals will be in people with multimorbidity which should be the focus
for prevention, early recognition and aggressive risk factor management. The management of
chronic diseases is likely to be indirectly affected during the pandemic and so must be

particularly prioritised in the context of obesity.

The largest UK primary care analysis to-date showed that out of 5683 COVID-19 deaths, 257
were in severely obese individuals (hazard ratio, HR 2.27, 1.99-2.58, compared with non-
obese individuals), whereas 1631 were in non-severely obese people (HR 1.56, 1.41-
1.73)(19). In the UK intensive care audit, 7.7% of patients were severely obese, whereas
31.3% have non-severe obesity(10). There are currently three postulated mechanisms for
increased risk observed with obesity: (i) increased susceptibility to infection (e.g. modification
of both innate and adaptive immune responses); (ii) increased risk associated with long-term
chronic conditions (e.g. CVD, diabetes, COPD and CKD); and (iii) increased COVID-19-
specific effects on obese individuals(25). Although we do not present COVID-19 specific data,

our data suggest that obesity and its prevention should be viewed more holistically in terms of
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preventing onset of chronic diseases, rather than emphasising severe obesity. Moreover,
these data also support the global picture where high BMI accounts for 4.0 million deaths, with
nearly 40% occurring in non-obese individuals, and more than two-thirds due to CVD(8).

The pandemic is having consequences far beyond infection on individuals, populations and
health systems, including reductions in bariatric surgery(26). The rise of childhood obesity in
Italy(27) and the potential rise in diabetes in India(28) during lockdown have been described,
but to our knowledge, this is the first study to model BMI changes across all BMI categories
and major chronic diseases together. We show that BMI increases during lockdown could
significantly increase the population at high risk from COVID-19, and also lead to indirect

future deaths through these incident diseases.

In the UK, as in other European countries, a study using tracking data from wearables and
smartphones showed a dramatic increase in homestay duration and a sharp decrease in
maximum distance from home and step count, starting from one week prior to lockdown(29).
Physical activity is reduced in obese people during the pandemic(30), and lifestyle modification
has been suggested to be an important adjunct to physical distancing and isolation
measures(31). We add that exercise reduces incidence of high-risk conditions across the
whole BMI range. Exercise should be encouraged during lockdown but also the impact of
lockdown on physical activity should be taken into account as policies to ease lockdown are
considered and implemented.

Strengths and limitations

Key strengths of this study include use of population-based EHR, large sample size, utilisation
of contemporary and clinically relevant measurements of weight and height, records of
relevant comorbidities and causal inference methods (i.e. the g-formula). Normal weight,
overweight and obese individuals have different underlying risk for the occurrence of these
chronic conditions, hence it is more appropriate to study them separately. Most observational
studies cannot focus on this relationship in this resolution, mainly due to their sample size.
Several limitations should be noted. Our observational study cannot exclude unmeasured
confounding. Since we use EHR, there may be differences between actual and recorded date
of incidence of chronic diseases, which would result in bias due to reverse causation.
However, this would actually result in underestimation of BMI gain and development of high-
risk conditions, except when BMI loss is a result of the disease itself, which would cause
potential increased mortality risk. Using EHR, we made assumptions, e.g. linear trend for BMI

change between 2 body weight measurements recorded <6 months apart, and the last record

for physical activity in the last 4 years. Another limitation of this paper is that the individuals
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who were analysed for BMI transitioning in this study might not be a representative sample of
the English population, because they had 2 BMI measurements just a few months apart. It is
likely that these people had pre-clinical diseases, even if they appeared healthy (i.e. there is
difference between recorded and actual date of a chronic disease) The same problem also

exists for physical activity that is measured infrequently

Conclusions

Our analyses here suggest that despite high prevalence of obesity and underlying conditions,
the actual background and excess COVID-19 related mortality due to severe obesity is unlikely
to be high compared with other high-risk conditions and is likely to be mediated through other
comorbidities. Burden of chronic diseases, even with a 3-month lockdown, may lead to a
greater burden of excess deaths, highlighting avoidance of BMI gain and physical activity as

public health priorities during the pandemic.
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Figures and Tables legends

Figure 1: One- year mortality in 1 958 184 individuals in England, according to severe
obesity, age and number of underlying conditions
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Figure 2: Excess deaths at 1 year in England in different pandemic scenarios by infection
rate and relative risks (RR) in people aged 18-69 years old
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Figure 3: Risk of transition to a higher body mass index (BMI) category over 3 months in 85
159 normal weight, 81 066 overweight and 87 534 obese individuals in England, by age and

sex.
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Table 1: Transition to higher BMI group over 3 months and 1-year incidence of high-risk conditions for COVID-19t.

Transition to higher 1-year risk for high-risk conditions for COVID-19t
BMI group” within 3 (%, 95% CI)

mont_h_s Vs no No individuals All individuals
transition transition to higher BMI | transition to higher BMI
group group

Odds ratio (95% CI)

Normal weight

N=85 159 1.07 (0.78-1.48) 0.64 (0.58-0.69) 0.68 (0.48-0.90)
Overweight

N=81 066 1.44 (1.16-1.80) 1.65 (1.56-1.75) 2.35 (1.88-2.80)
Obese

N=87 534 1.50 (1.06-2.13) 2.39 (2.28-2.50) 3.52 (2.39-4.66)

* Transition to higher BMI group: normal weight (BMI: 18.5-24.9kg/m?) to overweight (BMI: 25.0-29.9kg/m?); overweight
(BMI: 25.0-29.9kg/m?) to obese (BMI: 230kg/m?), and obese (BMI: 30.0-39.9kg /m?) to severely obese (BMI: 240kg/m?),

7 Incidence of cardiovascular disease, chronic obstructive pulmonary disease, diabetes and chronic kidney disease in 1
year
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Table 2: Individuals developing high-risk conditions for COVID-19" in 1-year in England, by BMI group and overall, under different scenarios of

transition to higher BMI groups over 3 months

BMI group

Scenario 1

Normal weight: 5.4%
Overweight: 5.0%

Scenario 2

Normal weight: 8%
Overweight: 8%

Scenario 3

Normal weight: 10%
Overweight: 10%

Scenario 4

Normal weight: 12%
Overweight: 12%

Scenario 5

Normal weight: 15%
Overweight: 15%

Obese: 1.4%t Obese: 2% Obese: 3% Obese: 4% Obese: 6%
Normal weight 325 479 598 718 898
Overweight 4256 6865 8581 10298 12872
Obese 93174 140111 210167 280222 420334
Total 97755 147455 219346 291238 434104

" cardiovascular disease, chronic obstructive pulmonary disease, diabetes, chronic kidney disease or severe obesity (BMI240kg/m?)

Observed in 2 million individuals in England.
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Table 3: Physical activity and 1-year incidence of high-risk conditions for COVID-19in 85 308 individuals #

Physical activity: Odds ratio (95% CI)

Low Gentle Moderate Vigorous
Normal weight
N=27,992 ref 0.71(0.38-1.31) 0.55 (0.30-0.99) 0.74 (0.35-1.58)
Overweight
N=28,436 ref 0.76 (0.55-1.06) 0.53 (0.38-0.74) 0.50 (0.30-0.84)
Obese
N=28,880 ref 0.78 (0.62-0.97) 0.64 (0.51-0.81) 0.49 (0.30-0.81)

7 Incidence of cardiovascular disease, chronic obstructive pulmonary disease, diabetes and chronic kidney disease in 1 year
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