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increase the duration of recovery time. We aim to assess the
severity and duration of anorexia and weight loss within the

?/‘3’{ ;"’2“{72 infection and recovery period in these patients.
COVlD-(1)9 Method: We retrospectively identified 233 COVID-19 patients
Anorexia (older than 18 years) were admitted to the Rasoul-e Akram Hos-

Weight loss pital, from August to December 2020. Their medical records were
reviewed by researchers. Then, patients who had inclusion criteria
were asked about duration and severity of anorexia, and also
weight alternation during the infection and after the recovery
period.

Result: Analyzed data were collected from 233 COVID-19 patients
showed the mean duration of anorexia was 7.08 + 10.41 days with
a significant loss of appetite (- 75.55 + 88.09, P-value < 0.001) at
the period of anorexia compare to appetite improvement. Also,
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standard deviation; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VASs, visual analog scales; WHO, World
Health Organization.
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results demonstrated patients, especially males and severe illness

subjects, significantly lost weight (P-value <0.001).
Conclusion: anorexia and weight loss occur in people infected with
the coronavirus and may affect the recovery process of these pa-
tients by reducing their food intake. The underlying mechanisms
of SARS-CoV-2 related to interaction to the gastrointestinal tract
and development of anorexia in these patients need to clarify in

future studies.

© 2021 Published by Elsevier Ltd on behalf of European Society for
Clinical Nutrition and Metabolism. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

A novel coronavirus, named as SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) has
infected people worldwide since January 7, 2020. Thus, the World Health Organization declared this
novel spread as public health emergency of international concern (PHEIC) [1,2]. Three types of coro-
naviruses as the largest positive stranded RNA viruses with a nucleocapsid, SARS-CoV, MERS-CoV, and
SARS-CoV-2 can lead to lower respiratory tract infections, ARDS, or even death [1,3]. According to
recent studies, most patients are middle-aged men (40—60 years old) with underlying diseases such as
hypertension, diabetes, COPD, cardiovascular disease and malignancy [4,5]. Clinical manifestations of
SARS-CoV-2 are classified as mild symptoms to severe pneumonia with organ function damage. The
most common symptoms are fever, cough, fatigue, shortness of breath, myalgia, sputum production
and headache. Symptoms that are less common include sore throat, rhinorrhea, chest pain, hemop-
tysis, conjunctivitis redness, diarrhea, nausea, and vomiting [5,6]. Loss of appetite and reduced nutrient
intake are parts of the symptoms present in infected patients with fever, headache, myalgia, and
malaise [7]. Also, studies have shown that the prevalence of gastrointestinal (GI) symptoms among
patients infected by COVID-19 is about 18% [8], accompanied by other symptoms, and can be associated
with anorexia and food intolerance in these patients [9]. A meta-analysis of 25,252 cohorts among the
first and second waves by Elshazli et al. [ 10] showed that 20.3% of patients presented GI manifestations,
19.9% of whom had anorexia. A study in China on seven COVID-19 patients showed that the partici-
pants had symptoms of anorexia for 7—22 days [9]. A recent 2020 study of the early COVID-19 effects
on 1,000 individuals with eating disorders from the US and The Netherlands showed a total of 62%
participants was increasing anxiety and alarming eating behaviors during the pandemic and respective
69% of the individuals had anorexia nervosa [11]. Parts of evidence have shown that COVID-19 can
cause GI hypomotility on the nervous system and this may exacerbate anorexia in patients [12].
Moreover, the impact of COVID-19 on central nervous system, and also anxiety, quarantine, and hos-
pitalization period can lead a person to eating disorder and negatively affect appetite [13]. Due to
anorexia, insufficient food intake, and weight loss, macro and micronutrient deficiency (malnutrition)
and immune system weakness can occur [14,15] (Fig. 1).

To the best of our knowledge, no prior studies have been performed to evaluate the anorexia status
and weigh loss in COVID-19 patients. Therefore, present study set for evaluate the severity and duration
of anorexia and weight loss within the infection and recovery period in COVID-19 patients.

2. Method
2.1. Study design and patients

A retrospective cohort study was conducted on SARS-COV-2 patients in January 2021 at the Rasoul-
Akram Hospital, Tehran, Iran. We examined patients who were hospitalized or referred to Infectious

Diseases Clinic from August to December, 2020 (in second wave), and had one of the diagnostic criteria
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Fig. 1. Descriptive of duration and severity of anorexia and weight loss in different illness severity.

(nasopharyngeal positive polymerase chain reaction (PCR) or chest scan). We included patients who
were i) adult (18 years and older), ii) suffered mild, moderate, or severe symptoms of COVID-19, iii) had
no critical symptoms and history of ICU admission and connection to the ventilator, iv) without any
malignant disease which can affect appetite such as cancer, renal or liver or heart failure, neurological
diseases, etc., v) not being pregnant or lactating women. Also, we excluded patients reluctant to
continue cooperation with the researchers or patients who died after discharge from the hospital.
This study was reviewed and approved by the ethic committee of Iran University of Medical Sci-
ences (IRIUMS.REC.1399.1114). The objective of the study was explicitly stated to the participants.

2.2. Data collection

Demographic data, past medical history, smoking, lab tests (PCR« IgG, and IgM), severity of illness
based on physician diagnosis and symptoms (mild, moderate, and severe), and clinical symptoms
(fever, cough, shortness of breath, chest pain, redness of the conjunctiva of the eye, sore throat, loss of
sense of smell or taste, shivering, pain, feeling exhausted, nausea and vomiting, and diarrhea) were
collected retrospectively from patient electronic records. Severity of COVID described as: 1. Asymp-
tomatic or presymptomatic infection: Individuals who test positive for severe SARS-CoV-2 but have no
symptoms, 2. Mild illness: Individuals with any of various signs and symptoms (eg, fever, cough, sore
throat, malaise, headache, muscle pain) without shortness of breath, dyspnea, or abnormal imaging, 3.
Moderate illness: Individuals with evidence of lower respiratory disease by clinical assessment or
imaging and an oxygen saturation (Sa02) over 93% on room air at sea level, 4. Severe illness: In-
dividuals with a respiratory frequency of over 30 breaths per minute, SaO2 up to 93% on room air at sea
level, ratio of arterial partial pressure of oxygen to fraction of inspired oxygen (PaO2/Fi02) below 300,
or more than 50% lung infiltrates, 5. Critical illness: Individuals with respiratory failure, septic shock,
and/or multiple organ dysfunction [16,17]. We had telephone calls with patients who hospitalized in
the 3 month ago (in the peak of infection), to gather anthropometric indices (height, wight, and body
mass index) and their alterations after relief symptoms and anorexia. Also, appetite assessment
questionnaire with visual analog scales (VASs) method which included three sets of identical questions
(hungry, desire to eat, and fullness), was administered in the same order on a 100-mm line for patients
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and recorded during the anorexia (during the hospitalization) and after relief symptoms (may be
during the hospitalization or after discharge). The VASs were designed to reflect retrospective ratings
of motivation to eat rather than the state at the time and according to studies, the average VAS score
above 50 was considered suitable for the patient, and the score below 50 was assumed poor [18].

We used Hospital Anxiety and Depression Scales (HADs) [19] questionnaire, which is a 14-item self-
rating scale, assessing anxiety and depression symptoms in different diseases associated with psy-
chological disorders. The questionnaire consisted of seven questions related to anxiety, and seven
questions to depression. Each item has a rating of 0—3; the higher rates indicate greater anxiety or
depression symptoms. The total score ranged in each part from 0 to 21. Scores from O to 7 indicated a
normal scale, 8 to 10 borderline, and scores 11 to 21 illustrated clinical problems. This questionnaire
was asked telephonically after the discharge of patients.

2.3. Statistical analysis

Data was analysed by SPSS 25 for Windows. Descriptive statistics were reported for qualitative
variables using frequencies with number and percentages, and for quantitative variables using mean
and standard deviation (SD). Chi-square or Fisher exact test were also be used to examine the
relationship between the two qualitative variables. Graphical methods assessed the normality dis-
tribution of data; the degree of skewness and normality tests were determined by
Kolmogorov—Smirnov and Shapiro-Wilk tests. The paired sample T-test was used to compare mean
in two dependent groups. Moreover, the analysis of variance was performed to compare mean in
more than two independent groups. The correlation between the quantitative normal variables was
investigated using Pearson correlation coefficient test. Statistical significance was considered at P-
values <0.05.

3. Results
3.1. Study population and baseline demographics

Among 565 patients hospitalized or referred to the clinic with confirmed COVID-19, 233 patients
(136 females, 97 males; mean age 38.41+ 11.52 years) were included in the study after excluding
patients who had critical severity of illness, malignant disease, or died after discharge from hospital.
About 161 (69.1%) COVID-19 patients had not any past medical history. Of these, 91 (39.1%), 124 (53.2%),
and 18 (7.7%) had mild, moderate, and severe illness severity, respectively. Also, the mean duration of
illness was 17.08 + 11.18 days. Patient characteristics are shown in Table 1.

3.2. Anorexia duration

The mean duration of anorexia during infection and recovery was 7.08 + 10.41 days. There was no
significant difference in the duration of anorexia between female and male patients. The longest
duration of anorexia was seen in patients with severe disease. Also, patients who had past history of GI
problem with nausea and vomiting as COVID-19 symptoms, had experienced a longer period of
anorexia. Full data are shown in Table 2.

3.3. Anorexia severity

Totally anorexia was observed significantly (-75.55 + 88.09, P-value < 0.001) in patients during the
illness and recovery as compared to appetite improvement. Also, each item for appetite assessment
including hungry, desire to eat, and fullness, it decreased significantly (-27.17 + 35.53, -30.43 + 36.00,
and -17.96 + 40.89, respectively; all P-value <0.001). Males and patients with severe illness and
diarrhea as COVID-19 symptoms showed more severe anorexia. In addition, there was no significant
correlation between the severity of anorexia and total score of stress and depression. Data are reported
in Table 2.
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Table 1
Characteristic of study participants

Characteristics

COVID-19 patients
(n=233)

Age (years)”
Sex °
Male
Female
Height (Cm)”
Weight (Kg)®
BMI (Kg/m?)°
Smoking *
Nonsmoker
Smoker
Duration of illness”
Duration of anorexia®
Severity of COVID ¢
mild
moderate
severe
COVID symptoms *
Fever
Cough
Shortness of breath
Chest pain
Pink eye (conjunctivitis)
Sore throat
Loss of sense of smell or taste
Shivering
Pain
Feeling exhausted
Nausea and vomiting
Diarrhea
Hospital Anxiety and Depression Scale”
Stress (total score)
Depression (total score)
Past medical history®
Healthy
Renal disorders
Cardiovascular diseases
Diabetes
Gastrointestinal disorders
Hypothyroidism
Diagnostic test ¢
PCR
IgG
IgM
Chest image
Appetite indexes”
Hungry
Desire to eat
Fullness
Total

3841 (11.52)

97 (41.60%)
136 (58.40%)
169 (10)
75.60 (18.28)
26.29 (4.98)

224 (96.1%)
9 (3.9%)
17.08 (11.18)
7.08 (10.41)

91 (39.1%)
124 (53.2%)
18 (7.7%)

134 (57.5%)
125 (53.6%)
88 (37.8%)
82 (35.2%)
37 (15.9%)
76 (32.6%)
125 (53.6%)
119 (51.1%)
185 (79.4%)
184 (79%)
67 (28.8%)
79 (33.9%)

6.69 (4.95)
5.33 (4.44)

161 (69.1%)
10 (4.3%)
23 (9.9%)
17 (7.3%)
28 (12%)
22 (9.4%)

136 (58.4%)
42 (18%)
38 (16.3%)
96 (41.2%)

40.94 (32.34)
44.76 (33.70)
4351 (31.98)
129.29 (77.15)

2 Data are shown numbers (%).
b Data are shown as mean + SD.

3.4. Weight and BMI alternation

The mean body weight and BMI of patients before infection were 75.62 + 18.28 and 26.29 + 4.98,
respectively. There was no significant difference between the bodyweight of subjects with mild (74.48
kg + 19.05), moderate (76.66 kg + 17.93), and severe (74.17 kg + 17.20) severity illness at the beginning
of the study. The analysis showed that the patients significantly lost weight (-2.34 kg + 4.90) and BMI
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Table 2
Descriptive of duration and severity of anorexia and weight loss in different sex, illness severity, PMH, and COVID-19 symptoms
Anorexia duration Anorexia severity (change) Weight (change) BMI (change)

Sex
Female 7.57 +12.64 -60 + 80.12 -1.43 + 3.46 -0.55 + 1.27
Male 6.39 + 6.05 -97.37 +94.34 -3.61 + 6.21 -1.15+1.94
P-value 0.394 0.001 0.001 0.005

Illness severity
Mild 4.65 + 5.53 -51.70 + 79.00 -1.61 +3.84 -0.54 + 1.22
Moderate 8.03 + 12.65 -87.58 + 89.00 -2.00 + 3.97 -0.70 + 1.35
Severe 12.83 £9.28 -113.33 + 99.65 -8.39+9.72 -2.81 + 3.08
P-value 0.003 0.002 <0.001 <0.001

PMH
Healthy 715+ 1141 -74.07 + 81.50 -2.04 + 4.42 -0.70 + 1.43
Diabetes 5.88 + 4.90 -104.71 + 92.60 -4.88 + 5.95 -1.60 + 1.85
CVD 7.17 +7.64 -62.61 + 122.37 -2.74 + 6.95 -0.93 + 2.36
Hypothyroidism 6.36 + 5.83 -75.45 + 75.83 -1.95 + 6.88 -0.72 + 2.31
Renal disorder 8.30 +9.38 -108 + 80.66 -2.45 + 4.60 -94 + 1.80
GI problem 9.07 +9.05 -96.79 + 88.65 -3.50 + 4.93 -1.73 £ 1.50

COVID-19 symptoms
Fever 8.61 +12.71 -85.22 + 85.04 -2.8 + 5.86 -0.94 + 1.91
Loss of smell or taste 8.06 + 12.52 -74.16 + 81.34 -2.23 +4.18 -0.77 + 1.40
Pain 7.72 £+ 11.25 -79.70 + 91.41 -2.39 +£5.29 -0.81 + 1.73
Feeling exhausted 7.80 +£11.24 -77.83 +91.15 -2.58 + 5.16 -0.87 + 1.69
Nausea and vomiting 10.61 + 16.16 -80.15 + 92.91 -3.29 + 543 -1.12 +1.81
Diarrhea 8.25 + 7.67 -97.97 + 87.70 -2.22 + 4.00 -0.78 + 1.33

COVID-19: Coronavirus Disease 2019; PMH: Past medical history; CVD: Cardiovascular disease; GI: gastrointestinal.
Data are shown as mean =+ SD.
P-value < 0.05 was considered significant.

(-0.80 + 1.61) during anorexia (P-value <0.001). This rate of weight loss was significantly correlated
with decreased appetite in these patients (P-value= 0.001). Also, the most weight loss was seen in
males and severe COVID-19 patients. Data are provided in Table 2.

4. Discussion

In this study, the results of analysis on 233 adult COVID-19 patients with different amounts of the
illness severity demonstrated that the average duration of anorexia was 7 days. During illness and
recovery time, the patients significantly lost their weight. Also, the most loss of appetite and weight
loss followed anorexia were seen in the males and severe illness patients.

One of the important complications of infection by SARS-COV-2 is anorexia [9,13]. The loss of
appetite and reduced nutrient intake are parts of the symptoms presented in infected patients with
fever, headache, myalgia and malaise [7]. Also, some symptoms including GI symptoms can highly
reduce appetite. The main receptor for mediating SARS-CoV entry into host cells is angiotensin-
converting enzyme 2 (ACE-2) [20]. Recent studies have shown that the ACE receptor is present in
most parts of the GI tract, hence, some complications were reported in the digestive system by many
patients with COVID-19 [21,22]. According to the results, most patients had moderate illness severity
with a short duration and mild anorexia accompanied by nausea-vomiting (28.8%) and diarrhea (33.9%)
as a Gl symptom. The study was carried out by Ai et al. [9] on the clinical characteristics of seven COVID-
19 patients with GI symptoms; they observed that each person had anorexia in the range of 7—22 days
along with other symptoms including diarrhea, upper abdominal discomfort, nausea, and vomiting.
Similarly, the current study showed seven days loss of appetite as an average period of anorexia.
However, the advantage of present study over the previous study was the evaluation of anorexia with a
larger sample size and also the use of the VASs questionnaire for the assessment of anorexia severity.

In addition, studies have been shown that the serum level of Leptin (hormone of satiety) in COVID-
19 patients were significantly higher compared to the control group with a similar BMI, which can be
one of the reasons why more severe symptoms are seen in people with more fat mass [23]. In a normal
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range, leptin has a critical regulator of immunity and functions as a pro-inflammatory cytokine (not in
obese or starved patients) [24]. The ACE2 utilization by the virus might be enhanced by an increase in
leptin production induced by SARS-CoV-2 infection of visceral fat [23]. It can be a reason for anorexia in
COVID-19 patients as other infectious diseases with increased inflammation and serum level of leptin.
The average of BMI in our patients revealed their range of overweight. Further, studies in this area are
needed to be conducted on these patients with different BMI.

Another causes of anorexia in these patients can be stress and fear of disease [13]. The stress of
COVID-19 and the quarantine increased depression, anxiety and other mental health issues [25,26].
Stress can cause changing in appetite, energy, desires, and interests [27]. Studies reported an
increased restriction in COVID-19 patients with anorexia nervosa [28,29]. Although anorexia can
weaken the immune system by reducing the intake of micro and macro-nutrients, studies have shown
that the levels of various pro-inflammatory cytokines and tumor necrosis factor increase in anorexia
nervosa [30].

As expected and observed in our study, weight loss and decreased BMI following anorexia
occurred during the disease. Inadequate nutrition is further worsen by diarrhea, malabsorption, loss
of appetite, diversion of nutrients for the immune response, and urinary nitrogen loss, all of which
lead to nutrient losses and damage to defense mechanisms. In addition, fever increases both energy
and micronutrient requirements [31]. Also, systematic inflammation is directly related to the
reduction of muscle mass. In this regard, Filippo et al. [32] indicated that patients with high C-reactive
protein had lost >5% of initial body weight. As compared to prior to the infection, patients in our
study had 3% reduction in weight.

This is the first study to evaluate the duration and severity of anorexia and weight loss during this
period in COVID-19 patients. Also, we evaluated the duration and severity of anorexia and weight loss
in various genders and illness severity with different COVID-19 symptoms. However, the study has
some limitations. Considering the retrospective nature of the study, weight and appetite changes were
based on the patients’ self-reports and there was a possibility of error. The study also suffered from
relatively small sample size, single-center hospital-based study, and lack of validated symptom
instruments.

This study demonstrated that anorexia and weight loss occur among COVID-19 patients in the
infection and recovery period and may affect the recovery process of these patients by reducing their
food intake. The underlying mechanisms of SARS-CoV-2 related to the interaction with the gastroin-
testinal tract and development of anorexia and also the effect on hormone of satiety and hunger in
these patients need to be clarified in future studies.
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