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Background & aims: Given reports of changes in dietary habits during covid-19 lockdown, our aimwas to
assess weight changes, over a 3-month Covid-19 national lockdown in a cohort of NAFLD-HIV patients on
a dietary intervention trial.
Methods: After NAFLD screening in an outpatient Infectious Diseases Clinic, NAFLD patients were
randomly allocated to general dietary recommendations (SC group) or to a structured dietary inter-
vention based on the Mediterranean diet (intervention group). During lockdown, follow-up consulta-
tions in the intervention group were done by video and/or phone. After 3 months of lockdown, all
patients (intervention and SC group) consented to a telephone interview which aimed to characterize
eating habits and lifestyle changes and evaluate stress and depression. Biochemical data when available,
was compared between the peri-period of confinement.
Results: One hundred and twelve patients were screened. From the 55 NAFDL identified, 27 were allo-
cated to dietary intervention and 28 to SC and were followed before lockdown for a mean period of
5.0 ± 1.5 months in which SC group gained a median of 0.65 kg vs. a median loss of 1.5 kg in the
intervention group (p < 0.001). During lockdown, 93.3% of patients in the SC group referred that “diet got
worse” vs. 6.7% in the intervention group p < 0.01), and 35.3% vs. 15.7% (p ¼ 0.014) reported increase in
appetite, respectively. Both groups gained weight, SC group vs. 0.7 ± 1.7 kg in the intervention group,
p < 0.001). Higher weight gain was associated with changes in the dietary pattern (3.8 ± 2.1 kg vs.
2.0 ± 1.3 kg in “no change in dietary pattern”; p ¼ 0.002). Glucose blood levels increased after lockdown
in the SC group, with a mean increase of 15 mg/dl (p ¼ 0.023). The remaining metabolic parameters
remained unchanged.
Conclusion: The maintenance of dietary intervention, using telemedicine, can mitigate the adverse
change in dietary habits and physical activity pattern, preventing a substantial increase in body weight.

© 2021 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

The pandemic caused by SARS-Cov 2 has originated an unpre-
cedent global lockdown, with every nation struggling with their
own challenges and repercussions in social well-being [1].
Currently there are still some countries in this situation. From
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previous experiences, mandatory quarantines can result in psy-
chological distress, generating depressive symptoms, irritability,
anger, and insomnia [2,3].

Stressful events are recognized as triggers for alterations in
eating patterns [2]. An increase in staying at home time could lead
to a higher intake of alcohol and frequent snacking of comfort food
and processed foods [1,2,4e6]. An increase in a sedentary behav-
iour motivated by social isolation and decreased outdoor time,
further contribute to variations in body weight [1,2,7]. Recent
studies have demonstrated that during lockdown, there was a
significant reduction in physical activity and a change in dietary
y Elsevier Ltd. All rights reserved.
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habits [2,6,8]. In particular, lockdown associates with an increase in
dietary intake [6] mostly based on ultra-processed foods [5],
comfort food [4,6] and drinking, which has been described as away
of dealing with anxiety and distress [3,4]. Additionally, changes in
dietary habits may be a consequence of a lower access to grocery
stores/supermarkets [9]. This change in dietary habits seems to
promote weight gain and the development of obesity and eating
disorders [1,2,4,7]. In fact, previous studies showed that patients
already obese tend to gain a significant amount of weigh during
lockdown [7,10]. Also, the disruption of circadian rhythms can lead
to metabolic abnormalities, such as insulin resistance [2].

Non-alcoholic fatty liver disease (NAFLD) is a multisystemic
disease that occurs in association with metabolic syndrome and in
the absence of significant alcohol intake [11e13]. Currently there is
no pharmacological treatment available, and lifestyle changes are
the cornerstone of treatment of NAFLD [13,14]. In the last decade,
there is a growing interest in NAFLD in patients living with human
immunodeficiency virus (PLHIV). However, data on metabolic
characteristics of this population and the efficacy of dietary inter-
vention in PLHIV is scarce [15e18].

Given that an increased compliance to dietary guidelines can
possible mitigate metabolic disturbances [1], our aimwas to assess
the impact of a dietary intervention, onweight variation during a 3-
month Covid-19 national lockdown in a cohort of NAFLD-HIV pa-
tients undergoing a dietary intervention trial, as well as the impact
on metabolic data.

2. Materials and methods

2.1. Patients

Patients recruited from an outpatient Infectious Diseases Clinic
were screened for NAFLD. The diagnosis was based on the presence
of liver steatosis on ultrasound, after exclusion of significant alcohol
intake (defined as more than 20 g per day in women and 30 g per
day in men), and of other liver diseases, namely chronic hepatitis B
or C, primary biliary cholangitis, autoimmune hepatitis, primary
sclerosing cholangitis, Wilson's disease, hemochromatosis or a1-
antitripsin deficiency. Patients were also excluded if there were
under medication with potentially steatogenic drugs such as ste-
roids, high dose estrogen, tamoxifen, methotrexate, or amiodarone
within six months of enrolment, and if there were an history of
gastrointestinal bypass surgery or segmental small bowel resection.
The severity of liver disease was evaluated by non-invasive scores
of fibrosis, FIB-4, as well as transient hepatic elastography (Fibro-
scan©) [19,20].

The study was approved by the local Human Ethics Committee
and written informed consent was obtained from all participants.

2.2. Lifestyle counselling

NAFLD patients were consecutively and randomly allocated 1:1
to general dietary recommendations or to a structured dietary
intervention that included general dietary recommendations and a
nutritional plan. General recommendations, based on Mediterra-
nean diet, consisted in the delivery of written resources containing
healthy eating guidelines and tips. The structured dietary inter-
vention included these and a detailed nutritional plan aiming at
caloric restriction and weight loss, based on theMediterranean diet
and was individualized according to nutritional needs, with a
caloric deficit of 500 kcal, and taking in to account the presence of
other dietary restrictions alongside NAFLD, and the personal pref-
erences and habits of the patient. With the nutritional plan, infor-
mation on portion size, culinary specifications and exchange tips
were provided. Other specifications of dietary advice included
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alcohol abstinence, and a limitation in total fruit content of the diet
when the intake was above 5 units/day. Regarding physical activity,
the aim was to stimulate an increase in baseline physical activity,
with an incremental approach of exercise in everyday life. The
intervention was conducted at baseline, 1 month, 3 months and 6
months by a single dietitian, all of them before lockdown. During
appointments, adherence to recommendations was evaluated us-
ing PREDIMED, with maximum score of 14 [21,22]. All patients (SC
and intervention group) had their weight monitored at 1, 3 and 6
months after baseline.

2.3. Clinical assessment and laboratorial tests

Anthropometric data were collected with participants wearing
light clothes and bare foot. Weight was measured using a calibrated
scale and height was assessed using a stadiometer. Waist circum-
ference (WC) wasmeasured at halfway between the inferior rib and
the iliac crest. Bodymass index (BMI) was defined as an individual's
weight in kilograms divided by the square of height in meters (kg/
m2). Body fat mass (BFM, %) was assessed using a single frequency
analyser (OMNRON BF350).

Clinical data including liver biochemistry, abdominal ultrasound
and transient hepatic elastography, were collected. FIB-4 score was
calculated.

2.4. Lockdown assessment

Given the restrictions to clinical visits in the hospital, during the
3 months confinement, follow-up consultations in the intervention
group were done by video and/or phone and included a review of
dietary advice. Weight was measured using the patient's household
equipment, with a measurement of error, using a standardized
measure, conducted on the first video contact. Body composition
during the confinement was unavailable in the participants'
households.

After 3 months of lockdown, all patients (intervention and SC
group) consented to a telephone interview which aimed to char-
acterize eating habits and lifestyle changes during COVID-19 lock-
down, using methodology previously published [23]. Also, four
questions, previously validated for the Portuguese population, were
included to characterize stress (“I found myself getting agitated”; “I
found it difficult to relax”, “I had a hard time calming down”) and
depression (“I felt discouraged and melancholic”) and asked the
participants to define during this period, if this sentence applied or
not to them. Questions were scored from zero to three (0-did not
apply to me; 3-applied most of the times) [24].

Clinical data when available, was compared between the peri-
period of confinement.

2.5. Statistical analysis

To determine a significant difference in both groups for a ¼ 0.05
and a power of 0.8 we estimated a minimum sample of 21 partic-
ipants in each group. Continuous variables were summarized as
mean and standard deviation (mean ± SD) and categorical variables
were summarized using frequency and percentage. Parametric and
non-parametric tests were applied based on the different variable
distribution. Chi-square was used for independence of categorical
variables and Student T-Test or ANOVA, were used for continuous
variables. Multiple comparisons adjusted with the Bonferroni
correction. For each analysis, unadjusted and adjusted odds ratio
(OR) and the corresponding 95% confidence interval (CI) and p-
value were reported. For the analysis of peri-period of lockdown
pairwise comparisons were used. The significance level was set at
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5%. All statistical analyses were performed with IBM® SPSS® soft-
ware, version 24.0.
3. Results

From the 148 HIV-positive patients referred for screening from
the Infectious Disease Outpatient Clinic, 27 refused to participate in
this study; 8 were excluded prior to screening due to the presence
of co-infection with hepatitis C, 1 patient had an hospital admis-
sion, 2 patients had alcohol-associated liver disease, 3 patients had
an opportunistic infection after referral, and 1 patient was lost to
follow up. After screening, 15 additional patients were excluded
due to the presence of previously undiagnosed alcohol-associated
liver disease (in 9) and co-infection with viral hepatitis (in 6).

Ninety-seven patients were enrolled, mostly males (n ¼ 72,
74.2%), Caucasian (n ¼ 81, 83.5%) with a mean age of 54.6 ± 12.6
years and with a mean time since HIV diagnosis of 17.9 ± 8.3 years;
83.5% (n ¼ 82) had T-CD4þ� 500 cel/mm3; all presented unde-
tectable viral load. As for metabolic risk factors: 17.5% (n ¼ 17) had
type 2 diabetes mellitus, 42.3% (n ¼ 42) had hypertension, 45.4%
(n ¼ 44) had dyslipidaemia and 82.5% (n ¼ 61) were overweight
(BMI�25 kg/m2) (Table 1). Regarding alcohol intake, 57.7% (n ¼ 52)
did not consume any alcoholic beverages.

At baseline screening, 56.7% (n ¼ 55) had hepatic steatosis on
abdominal ultrasound, 12.4% (n ¼ 13) and 22.7% (n ¼ 22) had
increased serum levels of AST and ALT, respectively; 78.4% (n ¼ 76)
presented non-invasive score FIB4 with low probability of liver
fibrosis.

NAFLD was associated with higher BMI, with BMI>30 kg/m2 in
88.2% of patients in the NAFLD group, vs. 11.8% in non-NAFLD pa-
tients; p¼ 0.005. However, NAFLD did not associate with metabolic
syndrome comorbidities (Table 1).

FIB-4 presented low probability for liver fibrosis in 87.3%
(n ¼ 48). Regarding Fibroscan©: 63.6% (n ¼ 35) had no evidence of
fibrosis, 27.3% (n ¼ 15) had a moderate degree of fibrosis (F2eF3)
and 9.1% (n ¼ 5) had severe fibrosis (F4).

A subset of patients with NAFLD were randomly assigned to
dietary intervention (n¼ 27) or standard of care e SC (n¼ 28). This
subset of patients did not differ in baseline characteristics to the
global cohort (Table 1).
Table 1
Baseline patient characteristics.

Non NAFLD Patients
(n ¼ 42)

NAFLD Patients
(n ¼ 55)

p-val

Sex (%)
Male 76.2 (32) 72.7 (40) >0,05
Female 23.8 (10) 27.3 (15)

Age (years) 55.1 ± 13.7 54.2 ± 10.9 >0,05
Weight (kg) 71.5 ± 12.0 78.3 ± 10.4 0.04
BMI (kg/m2) 24.7 ± 3.4 27.9 ± 4.4 0.001
BMI category (%)
Normal (18.5e24.9 kg/m2) 47.6 (20) 29.1 (16) 0.01
Overweight (25e29.9 kg/m2) 47.6 (20) 43.6 (24)
Obesity (�30 kg/m2) 4.8 (2) 27.3 (15)

Waist circumference (cm) 91.3 ± 9.9 98.3 ± 10.2 0.005
AST 23.3 ± 7.1 24.1 ± 9.1 >0,05
% above threshold 16.7 (7) 10.9 (6) >0,05
ALT 25.4 ± 9.8 30.9 ± 10.1 >0,05
% above threshold 16.7 (7) 27.3 (15) >0,05
HIV diagnosis time (years) 17.9 ± 9.2 18.0 ± 7.6 >0,05
T-CD4þcell �500 cel/mm3 73.8 (31) 90.9 (50) 0.025
Type 2 diabetes mellitus (%) 19.0 (8) 15.4 (9) >0,05
High blood pressure (%) 40.5 (17) 43.6 (24) >0.05
Dyslipidaemia (%) 35.7 (15) 52.7 (29) 0.095
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3.1. Anthropometric evolution before the lockdown period

From the 55 NAFLD patients, 2 did not comply with regular
appointments during face-to-face follow up, 1 was diagnosed with
anal cancer and 1 with an opportunistic disease (Kaposi's Sarcoma)
and were excluded from the analysis.

Patients were followed for a mean period of 5.0 ± 1.5 months
before lockdown. Globally, 51% of patients lost weight, with a mean
weight loss of 1.7 ± 1.4 kg.Wewitness that the standard of care (SC)
group gained a median of 0.65 kg vs. a median loss of 1.5 kg in the
intervention group (p < 0.001).

3.2. Lockdown period

At the beginning of the lockdown period, mean BMI was not
significantly different between SC group and intervention group
(28.3 ± 0.85 kg/m2 vs. 26.8 ± 0.88 kg/m2; p ¼ 0.139).

After the 3 month-lockdown, on the telephone interview, 41.2%
(n ¼ 21) of patients reported that there was no change in their
professional situation, but 35.5% (n ¼ 18) changed to telework and
23.5% (n ¼ 12) became unemployed or experienced a significant
reduction in household budget due to lay-off. This demographic
characteristic did not differ between SC and intervention group
(p ¼ 0.835).

As for psychological impact, stress was reported in a significant
number of patients, with 90.2% (n ¼ 46) referring agitation, 88.2%
(n ¼ 45) difficulty in relaxing and 92.2% (n ¼ 47) difficulty in
calming down. Feelings associated with depression were reported
by 62.6% (n ¼ 28) patients.

There were no differences between groups. A positive score in
the depression question was associated with higher weight gain
during lockdown (2.6 ± 1.8 kg vs. 0.7 ± 1.9 kg, p ¼ 0.003).

Even though dietary and lifestyle behaviours changed in both
groups, with a decrease in physical activity in 62.7% (n ¼ 32) and
changes in dietary pattern in 52.9% (n ¼ 27), they were more dra-
matic in the SC group as compared to the intervention group.

As such, 93.3% of patients in the SC group referred that “diet got
worse” vs. 6.7% in the intervention group p < 0.01), and 35.3% vs.
15.7% (p¼ 0.014) reported increase in appetite, respectively. The SC
group also presented a more prevalent increase in snack frequency
during the day (41.2 vs. 19.6% in the intervention group, p ¼ 0.02).
ue NAFLD Standard of Care Group
(n ¼ 28)

NAFLD Intervention Group
(n ¼ 27)

p-value

71.4 (20) 74.1 (20) >0,05
28.6 (8) 25.9 (7)
55.9 ± 11.7 52.6 ± 9.9 >0,05
77.8 ± 9.9 78.9 ± 11.1 >0,05
28.1 ± 4.0 27.7 ± 4.9 >0,05

25.0 (7) 33.3 (9) >0,05
46.4 (13) 40.7 (11)
28.6 (8) 25.9 (7)
98.1 ± 10.6 98.5 ± 9.9 >0,05
23.5 ± 7.7 24.7 ± 10.5 >0,05
7.1 (2) 14.8 (4)
28.8 ± 16.1 33.0 ± 19.8 >0,05
28.6 (8) 25.9 (7)
17.2 ± 7.1 18.4 ± 8.1 >0,05
82.1 (23) 100 (27) 0.021
17.9 (5) 14.8 (4) >0,05
53.6 (15) 33.3 (9) >0,05
50.0 (14) 55.6 (15) >0,05
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Mean Mediterranean diet score during lockdown was 7.4 ± 2.8
points, with patients on the intervention group presenting higher
scores (9.2 ± 1.9 vs. 5.6 ± 2.4 points in the STD group, p < 0.01).
Higher adherence to Mediterranean diet was associated with lower
weight gain (r ¼ �0,397, p ¼ 0.004). Changes in dietary pattern
during lockdown reported by patients are represent in Fig. 1.

As for physical activity, more patients in SC group, reported a
decrease in activity compared with the intervention group (73.1%,
n ¼ 19, vs 52%, n ¼ 13 respectively; p ¼ 0.009).

Changes in dietary pattern did not associate with the presence
of T2DM, dyslipidaemia, degree of fibrosis, liver enzymes, previous
weight loss before lockdown or changes in professional situation.
Of note, BMI and hypertension at baseline were predictors of
changes in the dietary pattern. Patients with hypertension had a
higher likelihood of changing their dietary pattern (OR ¼ 1.995
CI95% [1.005e3.961]; p ¼ 0.031) as well as patients with BMI above
25 kg/m2 (OR¼ 2.188 CI95% [1.276e3.750]; p ¼ 0.007). However, in
subgroup analysis, BMI above 25 kg/m2 remained a predictor of
dietary change only in SC group (OR ¼ 2.714 CI95% [1.119e6.586];
p ¼ 0.036).

During lockdown, both groups gained weight, which was
significantly higher in the SC group (3.1 ± 1.6 kg vs. 0.7 ± 1.7 kg in
the intervention group, p < 0.001) (Fig. 2).

Weight gainwas higher in patients that reported “more appetite
(2.4 ± 2.1 kg vs. “no change” 0.7 ± 1.3 kg; p ¼ 0.003). Comparing
BMI category at the end of lockdown with BMI category of the last
face-to-face evaluation, we witnessed worsening in the BMI cate-
gory in 15.7% (n ¼ 8) patients, with no differences between groups.
However, mean BMI at the end of lockdown was significantly
higher in the SC group compared with the intervention group
(29.5 kg/m2 vs. 27.0 kg/m2, p ¼ 0.035).
Fig. 1. Variation in food intake durin
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Weight gain during the intervention period was significantly
correlated with weight gain during lockdown (r ¼ 0.4999,
p < 0.001). A decrease in physical activity during lockdownwas also
associated with weight gain in both groups, more pronounced in
the SC group (3.6 ± 1.5 kg vs. “no change” 1.6 ± 0.9 kg; p ¼ 0.015)
compared with the intervention group (1.6 ± 1.5 kg vs. “no change”
0.8 ± 1.5 kg; p ¼ 0.008). Variation of weight during lockdown was
also associated with changes in the dietary pattern, but only in SC
group, with patients presenting higher weigh gain (3.8 ± 2.1 kg) vs.
“no change in dietary pattern” (2.0 ± 1.3 kg; p ¼ 0.002).

Neither metabolic comorbidities, degree of fibrosis or liver
enzyme alterations, or previous weight loss before lockdown were
associated with weight variation during lockdown.

Immediately after the end of national lockdown, 12 patients in
the STD group and 13 patients in the intervention group had lab-
oratory data available. Blood glucose levels increased after lock-
down in the SC group, with a mean increase of 15 mg/dl (95 ± 15.4
vs. 110 ± 31.0 mg/dL, p ¼ 0.023). The remaining metabolic param-
eters remained unchanged (Table 2).

In the SC group, triglyceride levels after lockdown were directly
correlated with a positive variation in weight during lockdown
(r ¼ 0.675 p ¼ 0.016).

4. Discussion

During Covid-19 lockdown each individual had a sole re-
sponsibility to ensure an adequate diet to maintain a healthy
weight and preserve overall health. This study demonstrates that a
population of NAFDL patients with HIV, underwent an increase in
their body weight during a period of forced confinement. However,
to the best of our knowledge this is the first published study that
g lockdown in overall patients.



Fig. 2. Weight variation during lockdown between groups (SC vs. nutritional intervention).

Table 2
Patient characteristics before and after lockdown.

NAFLD SC Group
(n ¼ 28)

p-valueb NAFLD Intervention Group
(n ¼ 27)

p-valueb

Weight (kg)
Before lockdown 79.1 ± 10.7 <0.001 77.0 ± 11.7 0.099
After lockdown 82.2 ± 11.4 77.6 ± 12.3

BMI (kg/m2)
Before lockdown 28.3 ± 4.4 <0.001 26.8 ± 4.4 0.094
After lockdown 29.5 ± 4.7 27.0 ± 4.6

BMI Obesity category (%)
Before lockdown 30.8 >0.05 24 >0.05
After lockdown 34.6 28

Glycemiaa

Before lockdown 95.7 ± 15.4 0.023 94.6 ± 13.7 >0.05
After lockdown 110.2 ± 31.0 97.6 ± 10.4

Triglyceridesa

Before lockdown 174.8 ± 56.5 >0.05 148.9 ± 58.5 >0.05
After lockdown 201.0 ± 83.2 126.2 ± 44.4

Total Cholesterola

Before lockdown 220.6 ± 49.8 >0.05 216.6 ± 41.3 >0.05
After lockdown 214.8 ± 63.6 214.6 ± 45.7

HDL cholesterola

Before lockdown 52.9 ± 16.3 >0.05 52.2 ± 11.8 >0.05
After lockdown 50.3 ± 16.9 53.4 ± 9.4

FIB-4 low probability of fibrosisa (%)
Before lockdown 80.8 >0.05 100 0.038
After lockdown 91.7 69.2

Values presented as % of patients or mean ± SD; BMI: Body Massa Index; AST: Aspartate transaminase, ALT: Alanine aminotransferase; NAFDL: non-alcoholic fatty liver
disease; HIV: human immunodeficiency virus.

a Available from 12 patients in the STD group and 13 patients in the intervention group.
b Reported comparison between before and after lockdown.
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demonstrates that this weight gain under these circumstances can
be mitigated by telemedicine, namely dietary intervention.

This is an important achievement, since for NAFLD patients, an
increase in body weight may lead to progression of the disease [14]
and in HIV patients, weight gain has been associated with the onset
of cardiovascular disease [25].

Recently published studies documented an increase in body
weight during lockdown, around 3 kg. In our study SC group pre-
sented a mean weigh gain similar to other observational studies
[8,26,27] (around 3 kg), and higher than the weight gain on the
intervention group (less than 1 kg). Also, given the recent reports
describing an increase in alcohol consumption during lockdown
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[28] in patients with hepatic disease, dietary intervention can
improve adherence to alcohol abstinence. Experiencing mood dis-
orders, with reports of increased anxiety and/or stress seemed to
have an impact onweight gain, consistent with observational cross-
sectional studies [6,29].

Also, a change in dietary habits during lockdown was demon-
strated in our study, with patients referring an increase in snack
and processed food intake, as documented in other observational
cohort studies [3,6,9,29,30]. However, this change in dietary
pattern was less pronounced in the intervention group, who
maintained higher adherence to the Mediterranean pattern, and
who had less than 10% of patients reporting aworse dietary pattern.
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Physical activity decreased in this group of patients, and it has
been reported that physical active people experienced a reduction
in their physical activity time during lockdown [8,29]. However,
more patients in the intervention group maintained their physical
activity pattern.

The aggregate data showed that patients on the intervention
group presented less weight gain and lower alterations in dietary
habits and were able to maintain their physical activity pattern
during lockdown. Our study suggests a beneficial effect of regular
dietary follow up by telemedicine in promoting healthy lifestyle
and weight control during lockdown.

This study has some limitation. Given that this was an ongoing
dietary trial, the number of patients allocated to both groups was
small and the Fibroscan® that was planned for 6 months after the
beginning of the intervention was not performed, due to national
and local constraints. The maintenance of these constraints also
prevented a new Fibroscan and biochemical data collection in some
patients.

In conclusion, this study shows the impact on body weight, di-
etary habits, physical activity, andmood of a national lockdown in a
group of NAFLD-HIV patients and demonstrates that the mainte-
nance of dietary intervention, using telemedicine, can mitigate the
change in dietary habits and physical activity pattern, preventing a
substantial increase in body weight. Given the recent data on the
pandemic evolution this data reinforces the need to maintain
health services, namely nutritional appointments, in future lock-
downs, to guarantee adherence to dietary recommendations.
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