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Abstract
Background: Social containment measures imposed in Europe during the lockdown 
to face COVID- 19 pandemic can generate long- term potential threats for metabolic 
health.
Methods: A cohort of 494 non- COVID- 19 subjects living in 21 EU countries were 
interviewed by an anonymous questionnaire exploring anthropometric and lifestyle 
changes during 1- month lockdown. A subgroup of 41 overweight/obese Italian sub-
jects with previously diagnosed nonalcoholic fatty liver (NAFLD) joined the study 
following a 12- month follow- up period promoting weight loss by healthy lifestyle.
Results: During the lockdown, body weight increased in 55% of subjects (average 
2.4 ± 0.9 kg). Weight change increased with age, but not baseline body mass index. 
Subjects living in Italy had greater weight gain than those living in other European 
Countries. Weight gain during the lockdown was highest in subjects reporting no 
physical activity, and low adherence to Mediterranean diet. In the NAFLD group, 
weight gain occurred in 70% of cases. Subjects reporting weight loss during lock-
down had decreased fatty liver score at 3 months before the lockdown, as compared 
with 1 year before.
Conclusions: Strict measures of social containment— even short- term— pave the 
way to the increased risk of metabolic abnormalities in the medium- long term. In 
this context, adherence to Mediterranean diet and regular physical activity play a 
protective role both in terms of weight gain and fatty liver development/progression, 
with implication for primary and secondary prevention. When adopting measures 
imposing social containment, intensive educational campaigns must increase public 
awareness about beneficial effects of healthy lifestyles.
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1 |  INTRODUCTION

By 31 December 2020, the World Health Organization re-
ports 81.475.053 confirmed cases of COVID- 19, including 
1  798  050 deaths (https://covid 19.who.int/). Europe is the 
second most affected continent after Americas, with about 26 
million cases and 576 721 COVID- related deaths.1

After the declaration of the pandemic by WHO (March 
11, 2020),2 several governments imposed the lockdown as a 
containment measure and the aim of potentially limiting and 
reversing the infection spread. During the lockdown, people 
were not allowed to leave homes, apart from buying grocer-
ies and emergency medicines. As a result of this intense so-
cial isolation, people suffered from stress, frustrations due to 
financial losses, inadequate supplies and fear of COVID- 19 
infection this negative feelings caused among population cre-
ated an unhealthy environment to survive.3- 5 Thus, besides 
evident beneficial effects on mortality and morbidity rates,6 
the lockdown generated major economic negative effects,7 as 
well as increased risk of anxiety, and depression.8

In addition, the chance of developing an increased risk 
of unhealthy lifestyles increased, mainly due to sedentary 
behaviours, low adherence to a healthy diet and modifica-
tions in smoking and sleeping habits. The interruption of the 
routine work life generated boredom, which in turn has been 
reported to contribute to higher energy intake.9 In addition, 
smart working and digital education likely lead to decreased 
physical activity, less energy expenditure and possible body 
weight gain.

The combination of such unexpected and novel lifestyles 
likely impact subjects exposed to elevated cardio- metabolic 
risk and those pursuing a weight loss programme.

Obesity and related metabolic conditions, including dia-
betes, dyslipidemia, hypertension often combined within the 
metabolic syndrome are strong risk factors for nonalcoholic 
fatty liver disease (NAFLD), the ‘fellow traveller’ with the 
metabolic syndrome.10- 13 NAFLD is the most common cause 
of chronic liver disease worldwide,14 linked with increased 
risk for advanced liver disease, liver- related mortality 15 
and nonliver- related complications, such as cardiovascular 
disease and malignancy.16,17 Thus, the high prevalence of 
NAFLD (about 25% of the adult population, increasing to 
76% in type 2 diabetes mellitus18) and its related health risks 
justify all efforts aimed at primary and secondary preven-
tion. From this point of view, unhealthy lifestyles potentially 
caused by strict measures of social containment can interrupt 
and compromise the beneficial effects of prevention mea-
sures in high- risk patients.

We aimed to investigate how the intense social isolation 
imposed by the lockdown could affect lifestyles among EU 
citizens, potentially leading to public health threats. In addi-
tion, we evaluated possible negative effects of the lockdown 
in subjects with NAFLD previously enrolled in a monitoring 

programme oriented at obtaining weight loss by healthy 
lifestyle.

2 |  SUBJECTS AND METHODS

A cohort of 494 European subjects joined the anonymous 
survey (European group).

Within this cohort, a subgroup consisted of 41 NAFLD 
Italian subjects who had joined the ‘Foie Gras’ Horizon 2020 
project enrolled at the outpatient clinic (Division of Internal 
Medicine of the large Regional Hospital ‘Policlinico’, in Bari, 
Italy) (NAFLD Group).

The NAFLD group consisted of 41 overweight or obese 
subjects with metabolic abnormalities and liver steatosis, as 
assessed by abdominal ultrasonography (see below). Main 
causes of chronic liver disease (viral, alcoholic, drug- induced 
damage, autoimmune diseases) were carefully excluded after 
history, physical examination and blood samples for the de-
termination of hepatitis B/C viral markers and autoantibod-
ies. All subjects entered an educational follow- up programme 
for weight loss starting 1 year before the lockdown. They had 
been adequately trained on beneficial effects of healthy diet 
and daily physical activity. Subjects in this subgroup also un-
derwent, 1  year (basal) and 3 months before the lockdown 
(T1), anthropometric evaluation and measurement of liver 
steatosis. Liver steatosis was assessed with the Noblus- E 
ultrasonographic equipment (Hitachi Medical) using a con-
vex multifrequency (3.5- 12.0  MHz) probe according to a 
well- standardized protocol, previously described by our 
group.19,20 In brief, in the fasting subject, the echogenicity 
of liver parenchyma was compared against the kidney cortex 
echogenicity as the control parenchyma and defined as either 
isoechoic (normal liver) or hyperechoic  =  ‘bright’ paren-
chyma (steatotic liver). A bright liver is a sensitive marker of 
liver steatosis, although its accuracy is poor for mild steatosis 
(<30%) and for the detection of underlying inflammation.21 
Liver steatosis was graded as grade 0: absence of fatty liver; 
grade 1: minor increase in liver echogenicity; and grade 2: 
marked increase in liver echogenicity with poor penetration 
of posterior segment from the right lobe, poor or any visual 
images from the hepatic vessels and diaphragm.20

All subjects who participated in the general survey filled 
an anonymous questionnaire on a voluntary basis. For this, 
no personal information was collected, and written consent 
was not required. At the beginning of the questionnaire, a 
specific paragraph informed about the aim of the research 
(see below). Permission served to use the collected data for 
analysis and publication.

The period referring to data collection ranged from 15 
April to 15 May 2020, when almost every European country 
had imposed the lockdown. European adults were encouraged 
to participate in an online, observational study, completing 

https://covid19.who.int/
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an online questionnaire created using Google forms tool. 
The questionnaire was distributed through snowball sam-
pling method, using social media (Facebook, WhatsApp, 
LinkedIn) and e-mails. Inclusion criteria were age >18 years 
old, and without current or previous COVID- 19 symptoms or 
infection. The self- administered questionnaire contained 33 
questions divided into four subsections, that is,

1. socio- demographic information: gender, age, nationality, 
level of education, occupational status, place of residence 
and living situation at home;

2. anthropometric information: height (as metres) and body 
weight (as kg before and after lockdown);

3. dietary information, including:
a. frequency of food consumption and adherence to 

Mediterranean diet (see below);
b. structured questionnaire exploring junk food consump-

tion, the number of meals consumed per day before 
and after/during lockdown and intake of nutritional 
supplements;

4. Sleeping time (ie number of sleep hours per day), alcohol 
consumption (ie number of alcohol units consumed per 
day), smoking (daily number of cigarettes), and physical ac-
tivity during the lockdown (ie presence of regular exercise 
during the lockdown, and weekly frequency of moderate/
vigorous physical activity). According to presence/absence 
and extent/timing of physical activity, enrolled subjects 
were thereafter classified in the following subgroups:
a. no physical activity (low level);
b. physical activity between 10  minutes and 2.5  hours/

week (moderate level);
c. physical activity for more than 2.5  hours/week (high 

levels).

The body mass index (BMI, Quetelet's index) was calcu-
lated from the weight and square of the height according to 
the following formula: BMI = body weight (in kg) ÷ height 
(in metres) squared. BMI was further stratified according to 
the National Institutes of Health (NIH) and World Health 
Organization (WHO)22,23 as underweight (BMI <18.5  kg/
m2), normal weight (BMI ≥18.5- 24.9  kg/m2), overweight 
(BMI ≥25.0- 29.9 kg/m2) and obesity (BMI ≥30 kg/m2).

The adherence to Mediterranean Diet was calculated on a 
18- point scale score ranging from 0 (min) to 18 (max).24 For 
this, nine food products were grouped according to:

A Items generally consumed in prevalent quantities (ie 
vegetables, fruits, legumes, cereals, fish and extra- virgin 
olive oil (EVOO)). We attributed 2 points as the highest 
category of consumption, 1 point for the middle and 0 
to lowest category.

B Items of not prevalent consumption (meat and meat prod-
ucts, dairy products, alcohol and junk foods). In this case, 

we attributed 2 points for the lowest/none category, 1 
point for the middle category and 0 point for the highest 
category of consumption.

The final score was the sum of individual scores and indi-
cated adherence to Mediterranean diet. A value ranging from 
0 to 6 indicated low adherence, a value ranging from 7 to 12 
indicated moderate adherence, and a value ranging from 13 
to 18 indicated higher adherence.

After 1- month from entry, body weight was considered ei-
ther increased (≥1 kg from baseline), decreased (≤1 kg from 
baseline) or stable (maximum weight decrease or increase of 
0.99 kg).

2.1 | Ethical aspects

The general questionnaire survey was approved by Ethics 
committee, University of Bari ‘Aldo Moro’ (study number 
6672 protocol number 0009048).

The study protocol which explored subjects in the NAFLD 
subgroup was part of the Foie Gras project (‘Foie Gras’ Horizon 
2020 project). This protocol was approved by the local Ethics 
Committee (study number 5408, protocol number 0013869; 
AOUCPG23/COMET/P). Before this study, all subjects in the 
NAFLD subgroup gave full written informed consent to allow 
all authors to access and use the data for research purposes.

2.2 | Statistical analysis

Data are expressed as mean and standard error (SE) for con-
tinuous variables. Frequency and percentages were used for 
categorical variables. The chi- square test (proportions), the 
Mann- Whitney U test (unpaired data), the Wilcoxon signed- 
rank test (paired data) or the Kruskal- Wallis multiple com-
parison Z- value test (inter- group differences) were employed 
to evaluate intra-  or inter- group differences. The Spearman 
correlation coefficient estimated the correlations. All sta-
tistical analyses were performed using NCSS software, and 
statistical significance was declared if a two- sided P- value 
was <.05.25,26 Graphs were constructed with the SigmaPlot v. 
14.05 version (Systat Software, Inc). Reporting of the study 
conforms to broad EQUATOR guidelines.

3 |  RESULTS

3.1 | European group

The anthropometric features of the study population appear 
in Table 1.
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Females were more willing to answer than males (61.3% vs. 
38.7%). Mean age of the whole group was 33.4 ± 0.58 years, 
and males were slightly older than females. The distribution 
of subjects decreased progressively with age (62.5%, 32.2%, 
5.3% with age 18- 30, 31- 60 and >60 years, respectively) and 
was comparable between genders. Mean BMI of the whole 
cohort was 23.6  ±  0.2  kg/m2 at baseline and comparable 
between genders. Normal weight subjects were more repre-
sented (71.9%) than overweight and obese subjects.

The socio- demographic characteristics of participants ap-
pear in Table 2.

The majority of enrolled subjects (considering both sex) 
were from Italy (76.1% Italians vs. 23.9% residents in other 
European countries, P  =  .0001). In the majority of cases, 
enrolled subjects had high school education, irrespective 
of gender and were full- time workers or students. Enrolled 
subjects living in countryside were less than those living in 
urban centres (city centre/outskirts). Participants declared in 
the majority of cases to live with their families, irrespective 
of gender.

3.1.1 | Effect of lockdown

After lockdown, 273 subjects (55.2%) reported an in-
creased body weight consisting of an average increment of 
2.4 ± 0.9 kg, as compared with weight measured before the 
lockdown. A minority of subjects (n = 107, 21.7%) reported 
a decreased body weight (on average −2.4 ± 0.1 kg). In the 
remaining subjects (n  =  134, 27.1%), the weight remained 
stable during the lockdown.

Subjects, who accumulated body weight, also reported 
an increased number of daily meals during lockdown 
(2.2  ±  0.04 vs 1.9  ±  0.05 before the lockdown, P  =  .001, 
Wilcoxon signed- rank test). This was not the case in individ-
uals with unchanged (2.1 ± 0.07 meals/day both before and 

during the lockdown) or decreased body weight (2.2 ± 0.08, 
vs 2.2 ± 0.07 meals/day before the lockdown, P = NS).

In the whole population, the weight variation during 
the lockdown was influenced by education, with increased 
weight gain in subjects with the lowest education level (pri-
mary school, on average +4.3 ± 0.8 kg), as compared to those 
who completed high schools (+1.3 ± 0.2 kg), were univer-
sity graduate (+0.8 ± 0.2 kg) or postgraduate (0.4 ± 0.3 kg, 
P  =  .000007, Kruskal- Wallis multiple comparison Z- value 
test). When place of residence was considered, subjects 
living in city centre (+1.26 ± 0.2 kg) and outskirts of city 
(+1.14 ± 0.2 kg) showed a higher weight gain, as compared 
with those living in countryside (−0.1 ± 0.4 kg, P =  .004, 
Kruskal- Wallis multiple comparison Z- value test). A com-
parable weight variation was recorded when subjects were 
stratified according to employment status, living conditions 
during lockdown at home (P=NS, data not shown) and alco-
hol consumption (Table 4). The majority of enrolled subjects 
were no smokers (n = 398, 80.6%), and the average weight 
gain during the lockdown was comparable in these subjects 
(1.04 ± 0.1 kg) and in those who smoked 1- 5 (0.7 ± 0.5 kg), 
5- 10 (1.9 ± 0.6 kg), 10- 15 (0.2 ± 0.9 kg) or more than 15 
cigarettes/day (2.3 ± 1 kg, P = NS).

The number of sleep hours per night was similar in 
subjects with a decreased (7.5  ±  0.1  hours), unchanged 
(7.3 ± 0.1 hours) or increased body weight (7.2 ± 0.07 hours).

Table  3 shows the average weight gain after 1- month 
lockdown in the whole population according to gender, age 
distribution, BMI, country of residence, level of physical ac-
tivity and adherence to Mediterranean diet. Males showed a 
significantly greater weight gain than females.

A weak, positive correlation was present between weight 
change and age (P  =  .01; ρ  =  0.11). When subjects were 
divided according to age, the weight gain was significantly 
higher in subjects aged 31- 60 years, as compared to younger 
subjects.

All Females Males P*

Number (%) 494 (100%) 303 (61.3%) 191 (38.7%) .0001

Age (y) 33.4 ± 0.58 32.5 ± 0.7 34.8 ± 1.0 .02

Age class, n. (%)

18- 30 y 309 (62.5%) 198 (65.3%) 111 (58.4%) n.s.

31- 60 y 159 (32.2%) 95 (31.4%) 63 (33.2%) n.s.

>60 y 26 (5.3%) 10 (3.3%) 16 (8.4%) n.s.

BMI (kg/m2) 23.6 ± 0.2 23.0 ± 0.3 24.6 ± 0.3 n.s.

Normal weight (%) 355 (71.9%) 229 (75.6%) 125 (65.4%) n.s.

Overweight (%) 96 (19.4%) 51 (16.8%) 45 (23.6%) n.s.

Obese (%) 43 (8.7%) 23 (7.6%) 20 (10.5%) n.s.

Note: Difference between proportions evaluated by chi- square test.
Abbreviations: BMI, body mass index; n.s., not significant.
*Between gender; data expressed as mean ±standard error.

T A B L E  1  Anthropometric features of 
the study population
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Weight changes did not correlate with the BMI values re-
corded before lockdown. No significant difference emerged 
when subjects were divided according to BMI.

On average, subjects living in Italy reported a greater 
weight gain, as compared with those living in other European 
Countries.

In the whole group of subjects, the weight gain was 
significantly higher in those who reported no physical ac-
tivity during the lockdown, as compared to those who re-
ported regular low or high levels of exercise. Weight gain 
was absent or minimal in both these two last subgroups and 
was the lowest in subjects reporting exercise for more than 
2.5 hours/week.

Similarly, the highest weight gain was reported by subjects 
with low adherence to Mediterranean diet, as compared with 
those with moderate or high adherence. In particular, sub-
jects with an increased weight during the lockdown had lower 
scores of consumptions of fruits, vegetables and legumes, as 
compared with those with a decreased or unchanged weight. 

Conversely, subjects with a decreased weight reported the 
highest daily consumption of junk food (Table 4).

Although the largest group of subjects were living in Italy 
and national subgroups were not representative of the whole 
country of origin, a different weight change was recorded in 
subjects from the more represented European countries (ie 
≥10 enrolled subjects per country, Figure 1A). In particular, 
subjects living in Italy and Portugal tended to weight gain. 
Conversely, subjects living in Germany and Spain had, on 
average, a weight loss during the lockdown. As shown in 
Figure 1B, the mean weight change occurring in these sub-
groups during the lockdown was independent from the usual 
level of physical activity (ie percentage of subjects perform-
ing aerobic sport) recorded in the same countries, as reported 
by EUROSTAT (https://ec.europa.eu/euros tat/datab rowse r/
view/hlth_ehis_pe3u$DV_468/defau lt/table ?lang=en, last 
update 11/11/2020).

As shown in Figure 2, the adherence score to Mediterranean 
diet was slightly increased in subjects from countries 

All
(N = 494)

Females
(N = 303)

Males
(N = 191) P*

Geographical area

Italian residents 376 (76.1%) 226 (60.1%) 150 (78.5%) .02

Other European 
residents

118 (23.9%) 77 (65.3%) 41 (21.5%) .02

Education level

Primary school 18 (3.6%) 11 (3.6%) 7 (3.7%) n.s.

High school 193 (39.0%) 118 (38.9) 75 (39.3%) n.s.

University graduate 178 (36.0%) 108 (35.6%) 70 (36.6%) n.s.

Postgraduate 105 (21.3%) 66 (21.8%) 39 (20.4%) n.s.

Employment status

Full- time work 206 (41.7%) 112 (37.0%) 94 (49.2%) .0043

Students 181 (36.6%) 120 (39.6%) 61 (31.9%) .0361

Unemployed 44 (8.9%) 26 (8.6%) 18 (9.4%) n.s.

Retiree 8 (1.6%) 3 (1%) 5 (2.6%) n.s.

Other 55 (11.1%) 42 (13.9%) 13 (6.8%) .039

Residence

Outskirts of city 208 (42.1%) 127 (41.9%) 81 (42.4%) n.s.

City centre 234 (47.4%) 140 (46.2%) 94 (49.2%) n.s.

Countryside 52 (10.5%) 36 (11.9%) 16 (8.4%) n.s.

Living conditions during lockdown at home

With family 368 (74.5%) 225 (74.3%) 143 (74.9%) n.s.

Alone 45 (9.1%) 28 (9.2%) 18 (9.4%) n.s.

Friends 17 (3.4%) 10 (3.3%) 7 (3.7%) n.s.

Couples 54 (10.9%) 36 (11.9%) 18 (9.4%) n.s.

Other 9 (1.8%) 4 (1.3%) 5 (2.6%) n.s.

Note: Data are expressed as number and percentages.
Abbreviation: n.s., not significant.
*Comparison between gender; difference evaluated by chi- square test.

T A B L E  2  Socio- demographic 
characteristics of participants

https://ec.europa.eu/eurostat/databrowser/view/hlth_ehis_pe3u$DV_468/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/hlth_ehis_pe3u$DV_468/default/table?lang=en


6 of 15 |   SHANMUGAM et Al.

reporting weight loss, as compared to subjects living in coun-
tries reporting weight gain (11.2 ± 0.3 vs.10.1 ± 0.1, respec-
tively, P = .042).

3.2 | NAFLD group

This group consisted of 41 overweight and obese subjects 
with NAFLD (24 males, 17 females; age 49.5 ± 1.9 years) 
already enrolled 1  year before lockdown. The protocol 
consisted of an educational programme aiming to improve 
healthy lifestyles, to promote weight loss and likely to ame-
liorate NAFLD. The COVID- 19 pandemic had an impact on 
this protocol. Indeed, during the lockdown, subjects reported 
weight gain in 70% of cases. Both body weight and BMI in-
creased irrespective of gender (Table 5). As a consequence, 
mean weight gain after lockdown was 1.6  ±  0.6  kg (all), 
1.9 ± 0.7 kg (males) and 1.1 ± 1.1 kg (females).

Figure  3A shows the overall profile of mean body 
weight at enrolment (ie 12  months before the lockdown, 
93.9 ± 3.2 kg), 3 months before the lockdown (91.6 ± 3.2 kg), 
at the start of lockdown (90.9 ± 3.2 kg) and at the end of 
lockdown (92.5 ± 3.2 kg). Notably, there was a trend to con-
tinuous decrement of body weight until the start of lockdown 
(−2.9 ± 1.5 kg compared baseline weight at enrolment). The 
lockdown, however, interrupted this trend and was associated 
with a novel increment of body weight (ie −1.4 ± 1.5 kg in 
the whole group, as compared baseline weight at enrolment).

When patients were stratified according to outcome, that 
is, decreased/unchanged/ increased weight, changes of body 
weight ranged, on average, from −4.9 kg in subjects with a 
weight decrease, to 3.4 kg in subjects reporting a weight gain 
(Figure 3B and Table 5).

As reported in Table 6, no consistent physical activity was 
present in the majority of subjects with unchanged (86%) and in-
creased weight (67.9%). Only the minority of subjects described 

Participants characteristics Number (%)
Weight gain 
(Kg)

P value within 
groups

Gender

Male 191 (38.7%) 1.0 ± 0.2 .01

Female 303 (61.3%) 0.5 ± 0.1

Age class

18- 30 y 309 (62.5%) 0.5 ± 0.1 *P < .05 vs 
18- 30 y31- 60 y 159 (32.2%) 1.0 ± 0.2*

>60 y 26 (5.2%) 0.8 ± 0.5

BMI group

Normal weight 355 (71.9%) 0.7 ± 0.1 n.s.

Overweight 96 (19.4%) 0.9 ± 0.2

Obese 43 (8.7%) 0.2 ± 0.4

Country of residence

Italians 376 (76.1%) 0.9 ± 0.1 .00001

Other Europeans residents 118 (23.9%) - 0.07 ± 0.2

Physical activity during the lockdown

No 139 (28.1%) 1.4 ± 0.2 *P < .0003 vs no 
physical activityYes 355 (71.9%) 0.4 ± 0.1*

Physical activity levels

None 139 (28.1%) 1.4 ± 0.2 *P < .05 vs no 
physical activity

#P < .05 vs 
10 min- 2.5 h/wk

10 min- 2.5 h/wk 198 (40.0%) 0.6 ± 0.2*

>2.5 h/wk 157 (31.8%) 0.2 ± 0.2*#

Mediterranean diet score

Low adherence 35 (7.1%) 1.9 ± 0.4 *P < .05 vs low 
adherenceModerate adherence 365 (73.9%) 0.6 ± 0.1*

High adherence 94 (19.0%) 0.5 ± 0.2*

Note: Data are expressed as number and percentage for categorical variables and as mean ± standard error 
for continuous variables. Difference was evaluated by Mann- Whitney U test or by Kruskal- Wallis multiple 
comparison Z- value test, as appropriate. *P, #P indicate intra- subgroup significant differences.

T A B L E  3  Effect of lockdown on 
weight gain according to gender, age class, 
BMI, country of residence, level of physical 
activity and dietary habits
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a high adherence to Mediterranean diet, irrespective of outcome. 
However, subjects with increased weight after the lockdown re-
ported more frequently a low adherence to Mediterranean diet.

As shown in Figure 4, fatty liver score at 3 months before 
lockdown decreased significantly only in the subgroup with 
weight loss.

Figure 5 shows individual changes of body weight (both 
absolute and percentages) in subjects stratified according 
to outcome and the speed of weight change during the fol-
low- up. In subjects with weight reduction or increase, these 
changes appeared significantly accelerated in the last month 
of observation (ie during lockdown).

T A B L E  4  Individual items of the Mediterranean diet (score for each food product) in subjects with decreased, unchanged or increased body 
weight during the lockdown

Food products
Decreased Weight 
(n = 107)

Unchanged Weight 
(n = 134) Increased Weight (n = 273) P

Fruit (portions/d) 0.9 ± 0.06 1.02 ± 0.06* 0.8 ± 0.04 .03

Vegetables (portions/d) 1.1 ± 0.06* 0.9 ± 0.05* 0.7 ± 0.03 .0001

Legumes (portions/wk) 1.01 ± 0.06* 0.8 ± 0.05 0.7 ± 0.04 .03

Cereal (portions/d) 0.5 ± 0.06 0.6 ± 0.05 0.5 ± 0.04 n.s.

Fish (portions/wk) 0.8 ± 0.06 0.7 ± 0.05 0.6 ± 0.03 n.s.

Meat and meat products 
(portions/d)

0.8 ± 0.06 0.7 ± 0.06 0.8 ± 0.04 n.s.

Dairy & dairy products 
(portions/d)

0.7 ± 0.06 0.6 ± 0.05 0.5 ± 0.04 n.s.

Alcohol (units/d) 1.7 ± 0.04 1.6 ± 0.04 1.7 ± 0.02 n.s.

Extra- virgin olive oil (EVOO, 
portions/d)

1.3 ± 0.07 1.2 ± 0.06 1.3 ± 0.04 n.s.

Junk food (portions/d) 1.9 ± 0.04* 1.7 ± 0.04 1.7 ± 0.03 .007

Note: Data are mean ± standard error; *P < .04 vs. increased weight. Difference was evaluated by Kruskal- Wallis multiple comparison Z- value test.
Fruits, 1 portion = 100 grams; vegetables, 1 portion = 100 grams; legumes, 1 portion = 70 grams; cereals, 1 portion = 130 grams; fish, 1 portion = 100 grams; meat 
and meat products, 1 portion = 80 grams; dairy and dairy products, 1 portion = 180 grams; alcohol, 1 unit = 12 grams; EVOO, 1 portion = 14 grams; junk food, 1 
portion = 100 grams.66

F I G U R E  1  A, Weight changes (after vs. before lockdown) in non- COVID- 19 subjects from main European countries represented (ie ≥10 
enrolled subjects), stratified according to living country. The number of enrolled subjects for each country is indicated in parenthesis. Bars indicate 
means, vertical lines indicate SE. *P < .03 vs Italians (ANOVA followed Fishers' post hoc test). B, Average weight change (kg) observed in 
enrolled subjects from main European countries represented (ie ≥10 enrolled subjects) during the lockdown (filled circles) and level of physical 
activity (ie percentage of subjects performing aerobic sport, white circles) in the general population from the same countries, as reported by 
EUROSTAT (https://ec.europa.eu/euros tat/datab rowse r/view/hlth_ehis_pe3u$DV_468/defau lt/table ?lang=en, last update 11/11/2020)

https://ec.europa.eu/eurostat/databrowser/view/hlth_ehis_pe3u$DV_468/default/table?lang=en
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3.2.1 | Lockdown effect in morbid 
obese patients

The lockdown period prompted us to analyse the weight 
trend in a further subgroup of five morbid obese patients 
(ie BMI > 40 kg/m2) with NAFLD, one undergoing sleeve 
gastrectomy bariatric surgery 2 months after start of enrol-
ment (Figure 6A- C). Overall, three out of five patients gained 

weight till lockdown. Weight loss occurred in the remaining 
two patients and especially in the patient receiving bariatric 
surgery (ie −54 kg). During lockdown, all five patients dis-
played weight gain with accelerated weight gain rate, ranging 
from 2 to 7 kg/month (Figure 6C).

4 |  DISCUSSION

The COVID- 19 pandemics prompted several governments 
worldwide to adopt drastic measures (ie social distancing, 
temporary lockdown) to decrease the deleterious conse-
quences of diffuse viral infection. Accordingly, such pre-
ventive measures caused significant changes of lifestyle and 
dietary habits, with potential influence on metabolic health in 
the general population. In particular, a weight gain was often 
reported both in children27,28 and in adults.29- 32 A recent sys-
tematic review found that the social containment measures 
due to the COVID- 19 lockdown generated a weight gain in 
7.2%- 72.4% of subjects.31

Modification of lifestyle by COVID- 19 lockdown caused 
also perceived stress,33 worse sleep quality,33,34 reduced 
physical activity29,34- 36 and altered dietary habits (ie variable 
adherence to Mediterranean diet,29,33,37 lower meat and fish 
consumption,29 high fast food consumption29 and reduced 
consumption of fresh food38).

The present study confirms that even a short- term 
(1  month) lockdown caused fast variations in the body 
weight, with a weight gain in almost half of the enrolled 
subjects, irrespective of prior BMI. Results suggest that 
the weight gain observed in a large group of enrolled sub-
jects has probably a multifactorial origin also depending on 
socio- cultural and economic factors (ie education level, place 
of residence).

The marked alterations of food habits and lifestyle gener-
ated by the lockdown certainly played a crucial role, as also 
shown by the increased average number of daily meals in 
those reporting an increased body weight during the lock-
down and by the differences recorded in physical activity 
and level of adherence to Mediterranean diet. These factors 
strongly influenced weight variations during the lockdown, 
as a result from an unbalance between food intake and energy 
consumption (ie an unhealthy lifestyle).

Previous observations linked the lockdown to stress and 
depression with subsequent lifestyle changes and physical 
inactivity.39 These changes could be responsible, at least in 
part, for the weight gain observed in a subgroup of subjects 
enrolled in the present study.40 An online survey conducted 
on Italian subjects during the lockdown (April- May 2020) 
documented, in the majority of responders, anxious feel-
ing, depression and insomnia. In these subjects, the altered 
mood paralleled altered feeding habits, mainly due to positive 
feels deriving from increased food intake.41 Results from our 

F I G U R E  2  Adherence to Mediterranean diet (score) in subjects 
living in countries where, on average, a weight gain or a weight 
loss was recorded. Bars indicate means, vertical lines indicate SE. 
*P < .05, Student's t test for unpaired data)

T A B L E  5  Effects of lockdown on weight and BMI in the NAFLD 
groupa

Before 
lockdown After lockdown P

Weight (kg)

All 89.7 ± 3.2 91.3 ± 3.3 .0004

Males 93.7 ± 4.6 95.7 ± 4.7 .009

Females 84.1 ± 4.2 85.2 ± 4.1 .02

BMI (kg/m2)

All 30.5 ± 1.0 31.0 ± 1.0 .0004

Males 29.6 ± 1.2 30.2 ± 5.8 .01

Females 31.7 ± 1.7 32.1 ± 7.0 .02

Note: Data are mean ± standard error for continuous variables. Difference was 
evaluated by Mann- Whitney U test (unpaired data) or Wilcoxon signed- rank test 
(paired data).
aThe group consisted of 41 overweight and obese subjects with NAFLD enrolled 
1 y before the lockdown into an educational follow- up programme aiming at 
healthy lifestyles, weight loss and improved NAFLD.
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study, however, does not indicate the number of sleep hours 
per night as linked with weight variations, since this index 
was similar in subjects who reported a decreased, unchanged 
or increased body weight.

In this study, the weight gain observed during the lock-
down was associated with age, and the highest weight gain 
occurred in middle ages (31- 60 years), as compared to both 
younger and older adults. This observation is in line with a 
previous study in a Spanish population.42 The low number of 
aged subjects can explain the weak positive correlation cal-
culated in our series.

In the whole group of subjects, average weight changes 
were comparable in those with different BMI, and no correla-
tion existed between these two variables.

Subgroups of subjects living in different countries were 
not representative of the whole country. However, recorded 
data suggested that weight gain differed in subjects of differ-
ent nationalities, with greater values recorded in subjects liv-
ing in Italy, as compared with those living in other countries. 
When subjects living in different countries were compared, a 
higher adherence to Mediterranean diet was recorded in sub-
jects living in countries where the smallest weight gain was 

F I G U R E  3  A, Body weight measured 1 y, 3 mo before the lockdown (LD), at the lockdown and 1 mo after the lockdown, in a subgroup 
of overweight/obese subjects previously enrolled in a monitoring programme for weight loss (NAFLD group). Subjects were adequately trained 
on beneficial effects of healthy diet and regular physical activity. Bars indicate means, and vertical lines indicate SE. B, Average weight change 
in subjects reporting decreased, unchanged and increased weight after the lockdown. *P < .05 vs decreased and unchanged weight; °P < .05 vs 
decreased weight (ANOVA followed by Fisher's LSD Multiple comparison test or chi- squared test)

Decreased weight Unchanged weight
Increased 
weight

N. (%) 6 (14.6%) 7 (17%) 28 (68.3%)*

Weight (kg) −4.9 ± 1.0 0 ± 0.9° 3.4 ± 0.5*

Physical activity levels

None 3 (50%) 6 (85.7%)° 19 (67.9%)*

10 min- 2.5 h/wk 1 (16.7%) 1 (14.2%) 6 (21.4%)

>2.5 h/wk 2 (33.3%) 0° 3 (10.7%)*

Mediterranean diet score

Low adherence 1 (16.7%) 0 (0%)° 8 (28.6%)° 

Moderate adherence 4 (66.7%) 6 (85.7%)° 18 (64.3%)

High adherence 1 (16.7%) 1 (14.3%) 2 (7.1%)
aThe group consisted of 41 overweight and obese subjects with NAFLD enrolled 1 y before the lockdown into 
an educational follow- up programme aiming at healthy lifestyles, weight loss and improved NAFLD.
*P < .05 vs decreased and unchanged weight.
°P < .05 vs decreased weight (ANOVA followed by Fisher's LSD multiple comparison test or chi- squared test, 
as appropriate).

T A B L E  6  Effect of lockdown on 
weight, physical activity and adherence to 
Mediterranean diet in the NAFLD groupa, 
according to weight outcome
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recorded. The Italian nationality, however, was the most rep-
resented in the general cohort (76.1% of enrolled subjects), 
and this might have generated an enrolment bias which limits 
the validity of this finding.

Nevertheless, the protective role of a healthy diet is sup-
ported by findings in the whole population, where weight 
gain was smaller in subjects reporting moderate/high adher-
ence to Mediterranean diet than in individuals with low ad-
herence. Of note, a recent survey in a large number of adults 
living in Cyprus found that, adherence to Mediterranean diet 
during the lockdown was only moderate, increasing only in 
those practicing religious fasting.33

Performing a regular physical activity also appears as a 
powerful protective factor against weight gain. In fact, sub-
jects with low levels of physical activity showed, in the pres-
ent series, the highest weight gain.

Of note, the beneficial effects of physical activity are present 
despite the short period of observation (1 month). This is in line 
with previous data suggesting that both a marked weight loss 
and beneficial effects in terms of cardiovascular health can be 
achieved by short bursts of high- intensity training.43

The protective effect of physical activity was also evi-
dent in the subgroup of subjects included both in the pres-
ent survey and, 1 year before the lockdown, in a monitoring 
programme aimed at obtaining weight loss through healthy 
lifestyles.

On average, a weight gain was also observed in these sub-
jects. However, the majority of those who reported a weight 
gain had no physical activity and a low- moderate adherence 
to Mediterranean diet during the lockdown.

The lockdown contributed to abort the weight loss pro-
gramme in the majority of these patients, anticipating 

detrimental health consequences in the medium- long term. 
A survey in US adults during and after the lockdown con-
firmed a further increase of body weight and body mass 
index in the post- lockdown period, as compared with the 
peak lockdown period. In this series, 33% of subjects who 
showed a weight gain during the lockdown continued to gain 
weight after the lockdown, likely due to persistent inappro-
priate lifestyles.32

At the meantime, data from the present study con-
firm the protective effect of a regular, high- level physi-
cal activity also in terms of beneficial effects for NAFLD, 
as previously underscored by our group.11 In fact, in en-
rolled subjects who maintained an adequate compliance to 
healthy lifestyles in the months before, and during the lock-
down, a decreased ultrasonographic fatty liver score was 
evident.

Results from the present study also showed that the lock-
down significantly accelerated the weight variation trend (ei-
ther towards a decreased weight or a weight gain) already 
present in the previous months, probably amplifying previous 
healthy-  or unhealthy lifestyles of the enrolled subjects. From 
this point of view, in particular, the limited duration of the 
full social restriction cannot be considered a mitigating factor 
able to prevent negative outcomes in terms of metabolic risk. 
These effects, conversely, appear to be boosted by the strict 
social isolation.

Evidence from the present study confirms the importance 
of public health intervention programmes addressing healthy 
habits. According to WHO, 60% of factors related to individ-
ual health and quality of life are correlated to lifestyles,44 and 
unhealthy lifestyle habits can generate metabolic diseases, 
obesity, skeletal diseases and increase risk of disability and 
death.45

These conclusions also apply to subjects with fatty liver, 
and results from the present study confirm previous observa-
tions documenting the role of Mediterranean diet and phys-
ical activity as additional, efficient tools in the treatment of 
NAFLD.46

A collateral health risk generated by the weight gain 
observed during the lockdown should be related to SARS- 
CoV- 2 infection. As suggested by previous evidence, obese 
people are more prone to COVID- 19 and related compli-
cations.47,48 COVID- 19 infection and obesity should be 
considered as colliding points of two public health pan-
demics,49,50 magnifying possible negative effects of both 
conditions on public health. It should be underlined that 
the coexistence of COVID- 19 infection and NAFLD rep-
resents an additional risk of liver injury.51 On the other 
hand, the presence of NAFLD can affect the outcome of 
COVID- 19, possibly due to pathogenic inter- relation with 
comorbidities, and to systemic effects of chronic inflam-
matory changes secondary to the expansion of metaboli-
cally active fat.50

F I G U R E  4  Fatty liver score measured by ultrasonography 12 and 
3 mo before the lockdown in a subgroup of overweight/obese subjects 
enrolled, 1 y before the lockdown, in a monitoring programme for 
weight loss. Bars indicate means, vertical lines indicate SE. *P < .05, 
Student's t test for paired data



   | 11 of 15SHANMUGAM et Al.

4.1 | Limitations of the study

The present study has some limitations. First, the short ob-
servation time (1 month) might underestimate the results. 
In particular, the beneficial effects of a healthy diet might 
require a longer observation time to be fully recorded, also 
considering a stable compliance of subjects to dietary hab-
its. Nevertheless, overall trends concerning weight gain 
rate over lockdown reveal themselves already. Second, 
an enrolment bias is likely, due to the limited presence of 
European subjects living in countries different from Italy. 
Results deriving from this subgroup, however, are in line 
with findings in the general population, mainly in terms of 
beneficial effects of Mediterranean diet, and regular physi-
cal activity.

Third, the number of enrolled subjects is relatively small, 
and no a priori power analysis was performed. This limitation 
was mainly due to the design of the study (observational study, 
based on voluntary questionnaire compilation), and to the main 
goal of the research protocol, which was oriented to quickly il-
lustrate a picture of lifestyle variations in a very limited time 
window (ie 1  month) and during an exceptional worldwide 
event. The rapid evolution of the events (March 11, 2020: decla-
ration of the pandemic; April 2020, start of the lockdown in the 
majority of European Countries; April 15- May 15, data collec-
tion in the present study) did not allow us to adequately perform 
a preliminary power analysis and to have enough time to collect 
a larger number of enrolled individuals. However, we consid-
ered this rapidly imposed social containment as a unique oppor-
tunity to explore the possible negative effects of the lockdown 

F I G U R E  5  NAFLD group. Individual changes of body weight during follow- up according to body change during lockdown (ie reduced, 
unchanged, increased weight). Values are presented as absolute changes (A- C), normalized to body weight at month −12 (D- F) and rate of weight 
change (G- I). The timing of follow- up is −12, −3, 0, and 1 mo. The lockdown period is highlighted. °P < .05 vs interval −12 to −3 mo; *P < .05 
vs interval −3 to 0 mo; (ANOVA followed by Fisher's LSD multiple comparison test or chi- squared test)
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on a trans- national basis. Furthermore, at the moment, the 
number of subjects enrolled in the present study and living in 
different European countries (n = 494) is the largest available, 
when previous studies considering the lifestyle effects of the 
lockdown in Europe are considered.

Finally, the possibility exists that the main sampling 
method employed in the present study (ie web- based ques-
tionnaire) has generated biased results, which can be only 
representative of people using social networks, rather than 
of the general public. Web- based questionnaires, however, 
have been largely used to assess various health effects linked 
with the lockdown in European countries.41,42,52- 59 In addi-
tion, a recent study exploring the psychological impact of 
the pandemic and lockdown measures in subjects from seven 
different countries showed that a moderate use of the social 
networks (ie 1- 2 hours per day) was linked with less nega-
tive effects, as compared with excessive use or no use at all. 
Authors also underlined the role of social media as a protec-
tive factor.60 Thus, in this context, results from the present 
study might have underestimated the effects possibly present 
in the general population and, in particular, in people who do 
not use social networks.

4.2 | Strengths of the study

The strengths in this study include the largest multi- national 
number of enrolled subjects at a European level, the possibil-
ity to compare different geographical areas using on a simple, 
anonymous questionnaire and the opportunity to evaluate 
specific changes in a subgroup of local NAFLD patients.

Previous studies exploring lifestyle and behavioural vari-
ations during the lockdown in European adults were con-
ducted, in the majority of cases, at a national level (mainly in 
The Netherlands,61,62 Spain,42,52 Scotland,53 Poland,54 UK55 
Italy.41,56,63,64 France,57 Croatia,58 Belgium59), generally 

confirming the trend towards the unhealthy behaviours de-
scribed in our study. A unique study explored an interna-
tional cohort of European subjects, confirming the presence 
of negative effects of the lockdown on physical activity and 
in inducing unhealthy dietary behaviours during confine-
ment.65 Unfortunately, however, the European countries 
explored in the cited study were not specified in details, 
and possible trans- national differences were not examined. 
Furthermore, the number of European citizens enrolled in 
the cited study (n = 220) was about half, as compared with 
the present study. Thus, our study explored, for the first 
time and in a relatively large number of subjects, a compre-
hensive panel of lifestyle aspects (ie dietary habits, phys-
ical activity, smoking habits, alcohol consumption, sleep 
duration), and the possibility to compare differences in 21 
European countries.

Furthermore, relevant confirmation of the general re-
sults derives from the analysis performed in the subgroup 
of NAFLD patients, a well- investigated group already un-
dergoing a re- educational programme about healthy life-
style. Last but not least, further evidences arise from the 
analysis of the available subgroup of morbid obese patients, 
one undergoing bariatric surgery before lockdown. All 
patients invariably showed an accelerated weight gain during 
lockdown.

In conclusion, the marked social isolation paves the way to 
unhealthy lifestyles or acts as an amplification factor of prior 
metabolic risks. Even a short- term lockdown in line with 
this view, contributing to exposure to risk of whole popula-
tions. With this study, we predict significant implications in 
terms of primary and secondary prevention, starting already 
during short- term periods. In this context, we confirm that 
healthy lifestyles (in particular adherence to Mediterranean 
diet and regular physical activity) continue to play a relevant 
protective role in terms of weight gain and fatty liver. Thus, 
educational campaigns aimed at increase the awareness of 

F I G U R E  6  Lockdown effect in morbid obese patients. Individual weight trends in five morbid obese patients (ie BMI > 40 kg/m2) with 
NAFLD (one undergoing sleeve gastrectomy bariatric surgery 2 mo after start of enrolment, green triangle). The two main periods are before (−12 
and −3 mo), and during lockdown (red area). A, Absolute changes of body weight during follow- up. B, Change of body weight as per cent at entry 
(−12 mo). C, Weight change rate (kg/month) in the three separate periods during follow- up. During lockdown, all five patients displayed weight 
gain with accelerated weight gain rate
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beneficial effects of healthy diet and regular physical activ-
ity should invariably parallel any measure imposing social 
containment.
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