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ABSTRACT

Obesity is increasingly prevalent worldwide. Associated risk factors, including depression, socioeconomic stress, poor diet, and lack of physical
activity, have all been impacted by the coronavirus disease 2019 (COVID-19) pandemic. This systematic review aims to explore the indirect effects
of the first year of COVID-19 on obesity and its risk factors. A literature search of PubMed and EMBASE was performed from 1 January 2020 to 31
December 2020 to identify relevant studies pertaining to the first year of the COVID-19 pandemic (PROSPERO; CRD42020219433). All
English-language studies on weight change and key obesity risk factors (psychosocial and socioeconomic health) during the COVID-19 pandemic
were considered for inclusion. Of 805 full-text articles that were reviewed, 87 were included for analysis. The included studies observed increased
food and alcohol consumption, increased sedentary time, worsening depressive symptoms, and increased financial stress. Overall, these results
suggest that COVID-19 has exacerbated the current risk factors for obesity and is likely to worsen obesity rates in the near future. Future studies,
and policy makers, will need to carefully consider their interdependency to develop effective interventions able to mitigate the obesity pandemic.
Curr Dev Nutr 2022;6:nzac011.
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Introduction

With over 268 million infections and 5.2 million deaths worldwide (1),
coronavirus disease 2019 (COVID-19) is one of the most serious infec-
tious disease outbreaks in recent history. Even before the declaration
of pandemic status by the WHO on 11 March 2020, many countries
had begun to impose social-distancing measures (SDMs) in an attempt
to reduce disease incidence. Understandably, the attention of scientists
has focused on how to limit the short-term consequences of COVID-
19, which were mitigated by SDMs until vaccines were released. As a
result, the scientific community has prioritized the research on the de-
terminants of mortality and morbidity of COVID-19 over the long-term
implication of the virus and the necessary countermeasures, such as
SDMs.

Obesity is defined by the WHO as abnormal or excessive fat accu-
mulation that presents a risk to health, marked by a BMI (in kg/m?)
>30, and has reached epidemic proportions (2). Statistics suggest that
the prevalence continues to follow an increasing trajectory, with over
650 million adults having obesity in 2016 (3). Various models are at-
tempting to predict the future burden of obesity, with projections rang-

ing from 44% to >50% of the population (4, 5), although all agree that it
is likely to encompass a significant proportion of the population. Many
chronic illnesses are adversely affected by carrying excess body fat, with
obesity being linked to cancers, cardiovascular disease, hypertension,
and osteoarthritis, as well as a strong association with metabolic syn-
drome (6).

Among the factors that can increase the risk of obesity, some seem
to play a more prominent role than others. For example, depression has
repeatedly been shown to have bidirectional associations with obesity
and overweight (7). The effect of depression on obesity is likely multi-
factorial, involving neuroendocrine disruption with a chronic state of
elevated cortisol (8); lifestyle changes with reduced desire to exercise
and increase in emotional eating (9); and, in some cases, the use of an-
tidepressants (10). Socioeconomic status has long been linked inversely
to body weight (11) and again is multifactorial with effects mediated
through fewer opportunities for physical activity and healthy food and
education and poorer mental health. Not only is low physical activity a
risk factor for obesity but it is also an important modulator of risk con-
ferred by excess weight (12), and so the potential effect of lockdowns on
sedentary behavior may act as a multiplier for poor outcomes.
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As a result of such health implications, obesity imposes a consider-
able economic burden, from the individual through national levels (13).
In addition to direct effects on excess care needs, costs are also incurred
through time off work, lower productivity at work, and associated dis-
abilities. These costs have previously been estimated on a global scale to
be 2.8% of global Gross Domestic Product (GDP) at US $2 trillion (14),
since which time the proportion of the population having obesity has
continued to rise.

The direct implications of COVID-19 on health and well-being are
well-discussed elsewhere; what remains to be seen is whether this pan-
demic is exacerbating the growing obesity pandemic. A systematic re-
view and meta-analysis by Bakaloudi et al. (15) suggest an overall global
trend of weight gain during the first COVID-19 lockdown. To date,
no studies have assessed the indirect impact of the COVID-19 pan-
demic, such as its SDMs, on obesity risk factors, that could explain
this trend. Therefore, the objectives of this paper are to fill this gap
by describing the effects of the COVID-19 pandemic and the needed
countermeasures on obesity risk factors to explore underpinning mech-
anisms of the general trend of weight gain during the COVID-19
pandemic.

Methods

Search strategy and study selection

A literature search of PubMed and EMBASE was performed from 1 Jan-
uary 2020 to 31 December 2020 to identify relevant studies pertaining
to the first year of the COVID-19 pandemic. The study was performed
according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (16). The protocol details were
registered prospectively on PROSPERO (CRD42020219433).

The following keywords were used in the search criteria: (“Sars-
Cov-2” OR “covid-19”) AND (“quarantine” OR “lockdown” OR “BMI”
OR “body mass index” OR “obese” OR “obesity” OR “overweight” OR
“weight gain” OR “physical activity” OR “depression” OR “depressive
symptoms” OR “redundancy” OR “redundant” OR “low income” OR
“sedentary behaviour”). The search was limited to the English language,
full-text availability, and human subjects. The abstracts of the resulting
studies were manually searched to identify relevant studies, with NFD,
CB, and TC applying inclusion/exclusion criteria to the full text to select
the final studies.

Inclusion and exclusion criteria

All English-language studies about weight change and key obesity risk
factors (psychosocial and socioeconomic health) during the COVID-
19 pandemic were considered for inclusion. Studies had to be compar-
ative (baseline vs. during the pandemic) with cross-sectional and longi-
tudinal studies considered. At least one of the following factors had to
be included: 1) weight (either anthropometry or self-report), 2) dietary
habit, 3) physical activity, 4) depressive symptoms, or 5) financial status.
In cases of depression, a validated depression measure had to be used
[such as Patient Health Questionnaire (PHQ)-9] with any unvalidated
questionnaires excluded (17-19). Qualitative studies, case reports, and
reviews were excluded. Papers including pregnant women were also ex-
cluded due to the confounding effect of pregnancy over the outcomes
of interest.

Data extraction

Data extraction was performed independently by NFD, CB, and TC,
with any ambiguity resolved via consensus. Each included study had the
following extracted: 1) study ID (author name and date), 2) country,
3) study type, 4) sample size, 5) sample characteristics (age, sex, and
occupation of sample), 6) assessment tool, and 7) outcome.

Data synthesis and quality assessment

Results were summarized via a narrative review; a quantitative synthesis
was not attempted due to the heterogeneity of the samples and method-
ology between studies in the measurement of the relevant factors (e.g.,
depression). Study quality was assessed using a modified Newcastle Ot-
tawa Scale (20), which was performed by NFD, CB, and TC, and any am-
biguity was resolved via consensus (see Supplemental Material). The
score used was based on the selection of the study sample using 4 cri-
teria, the comparability of the outcome groups, and assessment of the
outcome. The final score ranged from 0-10 points, with 0-4 considered
unsatisfactory, 5-6 considered satisfactory, 7-8 considered good qual-
ity, and 9-10 points considered very good quality (20).

Results

The electronic search conducted identified 3773 studies (EMBASE:
1383; PubMed: 2390). After removing duplicates, 3154 studies were
screened using a 2-step approach. First, the title and abstract of each pa-
per were screened followed by a full-text screening if the inclusion and
exclusion criteria were met. Based on screening the title and abstract,
805 (PubMed: 626; EMBASE: 179) potentially eligible studies were iden-
tified. Full-text screening resulted in a total of 87 studies that were in-
cluded in the systematic review (Figure 1). A summary of the charac-
teristics of included studies is presented in Tables 1-5.

Characteristics of included studies

Of the 87 studies included, 14 looked at the impact of COVID-19 on
BMI directly (21-34), 18 looked at physical activity during the pan-
demic (31, 35-51), 11 looked at the financial impact (52-62), 27 at diet
(23, 26, 33, 50, 61, 63-84), and 17 looked at depression (57, 85-100).
None of the 87 studies investigated the link between the obesity risk
factors and obesity itself. The majority of studies were conducted in the
United States (n = 16), China (n = 13), Spain (n = 11), Poland (n = 6),
and Italy (n = 7). The sample size ranged from 164,101 (100) to 18 (40)
participants. In terms of quality assessment, there were a total of 2 un-
satisfactory studies (51, 91), 36 satisfactory studies (21, 23, 25, 26, 28,
33, 36-38, 40, 41, 43, 44, 47, 48, 52-57, 59-64, 67, 68, 71, 77, 78, 81-83,
92), 42 good-quality studies (22, 24, 27, 29-32, 34, 39, 42, 45, 46, 49, 50,
57, 58, 61, 65, 66, 69, 70, 72-74, 76, 79, 80, 84-90, 93-98, 100), and 2
very good-quality studies (35, 99). Tables 1-5 show further details on
the characteristics of the included studies.

Relation between COVID-19 and weight

A summary of the weight changes reported during COVID-19 is shown
in Table 1. A total of 14 studies looking at the impact of COVID-19 on
weight directly were included (21-30, 32-34, 75). Overall, there was a
general trend of weight gain during the pandemic, with 12 studies re-
porting this. Although 3 studies included student populations (29, 32,
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FIGURE 1 PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Review and Meta-Analysis.

34) and 1 study looked at diabetic patients (28), the majority of the stud-
ies focused on the general population (22-24, 26, 27, 31). Different re-
sults were seen in Spain, in which 1 study reported no change in weight
in the Spanish general population (33). This study by Lopez-Moreno et
al. (33) focused on BMI change, whereas the other 3 studies (21, 30, 31)
used self-reported weight.
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Obesity risk factors and COVID-19

Relation between COVID-19 and physical activity.

A summary of the changes in physical activity during the first year of
COVID-19 is shown in Table 2. A total of 18 studies were included
that looked at the relation between COVID-19 and changes in physical
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activity and sedentary behavior (24, 36, 45-52, 37-44). All of the 18
studies were longitudinal and used self-reported measurements, except
for Wang et al. (35), who used an accelerometer sensor to record daily
step counts. A total of 16 studies reported a reduction in physical activity
during COVID-19, with 1 study showing an increase in activity (46)
and 1 showing no change at all (40). A study in German schoolchildren
aged between 4 and 17 y found an increase in active days per week, with
an 11.1% increase in adherence to WHO physical activity guidelines
(46). A study of high school students found no significant increment in
physical activity during COVID-19 compared with the pre-restriction
baseline; however, highly active students increased their activity levels
relative to baseline (47).

Relation between COVID-19 and diet.
Twenty-seven studies were included that investigated the impact of
COVID-19 on dietary patterns, as summarized in Table 4.

Favorable changes in dietary behavior. A total of 5 studies reported
an increase in home-cooked meals during the pandemic (23, 61, 68, 74,
80). Three studies reported an overall reduction in the frequency of fast
food (26, 74, 79). Of the studies looking at alcohol consumption, only 1
study found a decrease in alcohol consumption during the pandemic in
the Spanish general population (77). This decline in alcohol was corre-
lated with higher adherence to the Mediterranean diet.

A cross-sectional study of the general population in Italy found an
increase in the consumption of fruit, vegetables, nuts, and legumes and a
significant decrease in junk food consumption (66). Second, a Spanish
cross-sectional study focusing on patients with type 2 diabetes found
a significant increase in vegetable consumption during the pandemic
(69). Third, a study looking at healthy Chinese adults found an increase
in vegetable, fruit, and milk consumption (70) relative to before the pan-
demic. The last change reported by the studies was a reduction in overall
food consumption during the pandemic (26, 82). A longitudinal study
of adults older than 62 y in the Netherlands found that 12% of the sam-
ple were eating less than usual. However, this change in dietary habits
was not reflected by a statistically significant reduction in weight (64).

Unfavorable changes in dietary behavior. A total of 7 studies reported
an increase in alcohol consumption (23, 26, 68, 72, 73, 76, 78). Three of
the studies were in the Polish general population (23, 26, 68), with the
remainder reporting from Spain (72), the United States (73), China (78),
and Brazil (76). A total of 10 studies found an increase in the quantity
of food consumed during COVID-19 (23, 26, 50, 63, 65, 67, 71, 80, 83,
84). In particular, the most common change during the pandemic was
an increase in snacking frequency, which was reported in 11 studies that
included patients from a wide range of geographical areas ranging from
Europe to Asia and including North America (23, 26, 33, 61, 64, 69, 70,
74, 81, 83, 84).

Relation between COVID-19 and socioeconomic status.

Eleven studies were included in this review that investigated the im-
pact of COVID-19 on financial status, as summarized in Table 3. Out of
these studies, one reported a statistically significant worsening of finan-
cial well-being among 5550 benefits-eligible university staff (94). The
remaining studies did not report a P value or 95% CI but reported a
detrimental impact of COVID-19 on financial status, resulting in either
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reduced income (53, 54, 58, 60, 62) or job loss (56, 57, 59-62). Two of
the papers showed that COVID-19 resulted in alarming the participant
and increasing their fear of job insecurity (55, 62), with Wilson et al.
(55) reporting that 31.9% of participants had financial fears during the
pandemic and only 19.6% of the sample had no concerns at all.

Relation between COVID-19 and depression.

Seventeen of the studies included in this review investigated the relation
between COVID-19 and depression, as summarized in Table 5. Only
validated depression scales were used, of which 3 studies used the De-
pression, Anxiety and Stress Scale (DASS) (85, 94, 97), 11 studies used
the PHQ (57, 86, 88, 90-93, 96, 98-100), 1 study used the Children’s De-
pression Inventory-Short Form (CDI-S) (51), 1 study used the Center
for Epidemiologic Studies—Depression (CES-D) (101), and 1 study used
the Beck Depression Inventory (BDI) (89).

Ten studies reported a statistically significant increase in depressive
symptoms during the pandemic (59, 89, 91, 93-96, 99-101). Two of the
studies looked at the general population in the United States (57) and
Austria (88). Three of these studies investigated clinical staff including
obstetricians and midwives (96), nurses (98), and physicians (91). Four
studies looked at a younger cohort of participants including schoolchil-
dren (85) and students (86, 87, 100). Finally, one of the studies looked
at the impact of COVID-19 on the LGBT (lesbian, gay, bisexual, trans-
gender) population in the United States and found a significant increase
in depressive symptoms, particularly in those with a negative baseline
screen (92). Although the P value was not reported in 7 studies (89, 90,
93, 94, 97, 99, 100), 6 of them reported a trend of increased depression
scores during COVID-19 (89, 90, 93, 97, 99, 100). Only 1 study found
no increase in depressive symptoms during COVID-19 and looked at
US physician trainees (94).

Discussion

This systematic review of over 350,000 participants from across the
globe attempted to describe the indirect impact that the SDMs due to
the COVID-19 pandemic had on population body weight by altering
the most important risk factors—namely, diet, physical activity, men-
tal health, and financial status. Although the impact of the countermea-
sures used to curb the COVID-19 pandemic was evident on obesity risk
factors, none of the studies included in our research explored the direct
impact of the risk factors on obesity itself.

The general trend seen in included studies was a worsening in the
obesity risk factors. There were, however, notable exceptions. A German
study in schoolchildren found an improvement in physical activity (46)
due to recreational sporting activities. This discrepancy is likely due to
contextual factors, such as how stringent the SDMs were in the specific
countries. For example, in China, outdoor physical activity was banned
during the first wave of COVID-19 (46).

Differences were also seen in dietary changes, with some studies
showing an improvement in diet. However, those studies showing im-
provements in diet were looking at very different subgroups of the pop-
ulation (66, 69, 70), including the elderly or those with underlying med-
ical conditions. The age of participants appears to have an impact, with
the largest sample-size studies (25, 34) showing a significant weight in-
crease in those under age 25. The same was seen in a US sample of stu-
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) e ) dents (35). This may reflect the widespread reduction in activity and
v o § © o E v:> greater sedentary time in this group of people across multiple nations
g © o) g g £ i (36, 38, 43, 46, 50). It may also suggest a disproportionate impact of
g— _é O:O’ o R E —Vé SDMs on the younger population. However, a comparable group of un-
AR NE >59S o e dergraduate students in Italy (30) did not show an increase in weight,
§ 2 8‘2 A “é’ é 2 which suggests a potential cultural role.
2o .Y = . .
AR £ g L s 2 E The proximity to COVID-19 exposure may have played a role in
o . . . .
_@' = O o ® §_ 3 o FNR] N e the likelihood to report increased stress or depressive symptoms, as was
.. £ .. .. g . .
>0 3 % o gu_@ oD i = @ % z seen in several cohorts of health care workers (89, 91, 99). These studies
© = %) 0 = Sl 5 1 . . . .
8 0| £ ts % ©59% 3 g o E 735 A did, however, tend to occur earlier in the course of SDMs, which could
£ SIA > 5 0| © © > | s . . s
5a|3 « 2 2 g=zPfa=zLa 5 also have played a role as uncertainty was at its greatest early on in the
a pandemic.
o~
b The COVID-19 pandemic, and its related SDMs, led to a worsenin
8 p 8
- I} 0 of obesity risk factors in the majority of studies—albeit some beneficial
& b jority
g NG 3 fF bserved in the dieting domain, such as high
£5|= 0 oD 3 effects were observed in the dieting domain, such as higher consump-
@ [a) s T © .
@ O |m T adO o tion of home-cooked meals and healthy food (e.g., vegetables). On the
[ =] >
ﬁ S o H other hand, the overall food and alcohol consumption showed an in-
~ =
g creasing trend, which could have been either the result or the cause of
o poorer mental health (102).
. . A An unavoidable consequence of the SDMs and, in the most extreme
3 g 23 Li 3 cases, of the national lockdowns was financial hardship and job loss. A
£ %) o = . . ..
g 5 OE S s g large body of evidence suggests that financial stress is linked to mental
% ;* § g 51 2 E b= '% illness, which, then, could have fueled the obesity risk factors mentioned
> IS © S . . . .
o _g 2D 3 o ®5 3 & previously (103). Another element adding an extra level of complexity is
S ° 2= 9Q 2 AT . . . .
S| #H = \S TL5 N 562 Q the bidirectional relation between financial hardship, mental illness, and
o oo c =0 .55 2 o . . .
o g : £5 4 = & > G §_ g 2 the other obesity risk factors, which makes it problematic to draw a con-
N Q5 — L
E 3 x o é 2 a% 3 = 28 g E & clusion on which is the leading factor during stressful circumstances,
o9 0™ o903 9 .
<O < v 0|g|O = such as a pandemic.
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SDMs throughout the pandemic. Of interest will be the effect of this in
years to come as these children become adults, perpetuating the trend
for increasing weight.

A BM] feature (107) highlights the voice of Christina Marriott, chief
executive of the Royal Society of Public Health, on the topic of obesity
in the COVID-19 pandemic, who states that there has not been suffi-
cient action to address the root causes of obesity. For this to happen, the
complex relation between the obesity risk factors should be explored in
quantitative studies. Our review acts to emphasize the areas in which
further data are required. In addition to this, there is a clear need for
cost-effective policies able to mitigate the impact on obesity of stressful
circumstances, such as a pandemic.

Our research is the first to attempt to summarize the multifactorial
implications that the SDMs due to the COVID-19 pandemic had on
obesity. A very broad search strategy was adopted to capture as thorough
a picture as possible, aiming to include papers noting an association be-
tween COVID-19 SDMs, obesity, and risk factors together. None of the
studies included in our research investigated the link between 1) SDMs,
2) obesity risk factors, and 3) obesity itself. The absence of studies link-
ing (I) to (2) and, thus (3), led us to focus our review on the impact of
SDMs on obesity risk factors. As a consequence, our review cannot pro-
vide a conclusion on which elements have driven the increment in BMI
during the COVID-19 pandemic (15). While this is the most important
weakness of our study, our broad literature review allowed us to identify
the studies on the effects of the pandemic on obesity and its risk factors.

Although our contribution is not sufficient to draw a conclusion, it
represents a necessary step to develop new studies able to determine
the key drivers of obesity in stressful circumstances, such as a pan-
demic. In addition to the absence of evidence necessary to draw a con-
clusion, many of the included studies focused either on self-reported
body weight or BMI. Although these are widely used and validated mea-
sures of identifying individuals at risk of overweight or obesity, they do
not account for factors that more reliably and objectively link to health
outcomes, such as total body fat percentage.

Another limitation of our review is the high proportion of cross-
sectional studies, which makes it problematic to establish a causal link.
Likewise, the high heterogeneity in methodology, samples, and socioe-
conomic characteristics made comparisons difficult. Many of the stud-
ies had a significantly higher response rate in females, which may some-
what limit the application of our conclusions to the general population.
Several studies also focused on specific groups, many of which used
health care workers or students. Once again, this may limit the general-
izability of our conclusions.

These limitations are acknowledged in our quality assessment of the
included studies. However, given the circumstances in which many of
these studies were carried out, amid national lockdowns, in-person data
collection was often unfeasible and so the majority of studies were af-
fected by this measurement issue.

While this review does not provide a conclusive answer on the driver
of obesity during the COVID-19 pandemic, it provides useful infor-
mation to direct future research aiming at strengthening the link be-
tween stressful circumstances and a rise in risk factors for obesity and
weight gain. This is important as establishing a link enables us to ef-
fectively target the risk factors in preventative public health measures.
There is a need for longitudinal studies to elucidate the nature of the
association.
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