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Original Article

Determination of Obesity Tendency in Individuals During 
COVID-19 Pandemic: An Observational Study in Istanbul, 

Turkey

Beyza TAĞRAF1, Indrani KALKAN1 *, Gülgün ERSOY1

Abstract

Objective: Lockdown-period and confinement at home during COVID-19 
pandemic is suggested to have changed the eating habits and physical ac-
tivity in adults globally.

Materials and Methods: This study was conducted to determine obe-
sity tendency in adults, during COVID-19 pandemic, by examining the 
changes in anthropometric measurements, eating habits (meal numbers/
day), and physical activity as per statements provided by them through 
online questionnaire method inquiring anthropometric measurements, eat-
ing habits and physical activity before and during the pandemic. SPSS 
(Statistical Package for Social Sciences for Windows) version 21.1 was 
used for statistical analyses. Descriptive statistics as frequency (n), mean 
(X̅), standard deviation (SD), percentages (%) were calculated. Fisher’s 
chi-square test was conducted to determine the difference between groups 
(95% confidence limit; p<0.05).

Results: Seven hundred and twenty-five (725) individuals (414 females, 
311 males) aged between 18-65 years (X̅=37±11.8) participated in the tof 
body mass index (BMI), there was an increase in obese and pre-obese 
categories during COVID-19 pandemic (p<0.05). On determining meta-
bolic risk based on WHO waist circumference (WC) criteria, a significant 
increase in the high-risk category was observed during pandemic period 
(p<0.05).
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Conclusion: The study indicated that individuals were prone to obesity 
during COVID-19 pandemic due to changes in eating behaviors (meal 
numbers/day), physical activity and were at a risk from general health per-
spectives as well as pre-disposition to COVID-19. Nutritional counseling 
should be given to individuals by dietitians or other health professionals 
during pandemic periods, in order to decrease death rates, enable quick 
discharge from hospitals and increase health recovery rates.

Keywords: COVID-19, Coronavirus, Obesity, Pandemic.

Introduction

The Coronavirus Disease 2019 (COVID-19) caused by Acute Respiratory 
Syndrome Coronavirus-2 (SARS-CoV-2) first appeared in Wuhan Hubei 
province China in December 2019 and since then has spread rapidly all 
over the world (1). As of March 2022, the global outbreak, has infected 
approximately 469 million and resulted in the death of more than 6 million 
individuals, (2) whose main clinical symptoms include fever, dry cough, 
fatigue, muscle pain, shortness of breath, respiratory tract infection and 
gastro-intestinal symptoms as vomiting and diarrhea.

Obesity characterized by abnormal or excessive fat accumulation has been 
defined by World Health Organization (WHO) in terms of BMI value of 
30 kg/m2 or more. Obesity is considered as an increasing global epidemic 
and increases the risk of chronic diseases as well as leads to the devel-
opment of certain respiratory diseases. Studies have shown that obesity 
or being overweight adversely affect outcomes of COVID-19 infection 
and the potential mechanism has been suggested as chronic inflammation, 
comorbid complications, immune dysregulation, endocrine dysfunction, 
respiratory compromises and so on (3-5). Studies indicate that with the 
increase in BMI, severity of COVID-19 diseased condition worsened and 
there were complications in treatment as prolonged stay in intensive care 
unit, being intubated or connected to mechanical ventilation for a longer 
period. Therefore, obese individuals may be considered as a vulnerable 
and risk group for COVID-19 disease. Since chronic diseases as diabetes, 
hypertension, cardiovascular heart diseases, certain cancers are related to 
obesity and such diseases would be a risk factor in COVID-19 patients; it 
is necessary to control obesity in order to alleviate the course of the disease 
and ease the treatment period (4-6).
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The quarantine period in the COVID-19 pandemic caused social restric-
tions and significantly affected the nutritional habits, diet patterns and 
physical activity level of individuals in general (7). Psychological factors 
such as depression, fear and stress during the pandemic period resulted in 
an increase in the desire to consume fast food, refined sugar and sugary 
drinks for hedonic reasons (7, 8). Decreased physical activity during quar-
antine was reported to cause positive energy balance leading to unwanted 
body weight gains and obesity during this period (9).

Understanding the changes in life style and obesity during the pandemic 
period would be helpful in controlling COVID-19 and increasing aware-
ness among individuals. This study was conducted to examine the changes 
in BMI and waist circumference, which is also an important indicator of 
abdominal obesity of adults and to evaluate the tendency of obesity during 
the COVID-19 pandemic period.

Materials and Methods 

This cross-sectional study was conducted in Istanbul between May-June 
2021 on a total of 725 Turkish adults aged between 18-65 years. Consider-
ing the adult population in the city, sample size was calculated by means of 
G-power analysis (95% power, effect size 0.1 and α=0.05) and minimum 
sample size was determined to be 385. However, all participants who vol-
unteered to participate in the study were included. Individuals who did not 
qualify the defined range of age, who had eating disorders, had clinical 
cachexic conditions as cancer, or had dementia were excluded from the 
scope of the study. Ethical approval was obtained from Istanbul Medi-
pol University Ethics Committee dated 25.05.2021 with approval number 
E-10840098-772.02-2388.

An online questionnaire comprising of questions related to anthropomet-
ric measurements (height, weight, waist circumference), eating habits and 
physical activity of participants before and during the pandemic was ap-
plied to the participants. BMI was calculated from the height and weight 
data provided by the participants (weight in kg/height in m2). The partic-
ipants were given instructions by means of you a tube video clip tutorial 
regarding the measurement of waist circumference (waist circumference 
measured while standing and placing the measuring tape around the waist 
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just above the hipbone) (10). The height and waist circumference were re-
corded in cm and weight in kg. BMI and metabolic risk classification cat-
egories based on waist circumference was based on WHO classification. 
WHO defines the metabolic risk category based on waist circumference as 
<94 cm as low risk, 94-102 cm as moderate risk and >102 cm as high risk. 
For females, waist circumference of <80 cm is considered as low risk, 80-
88 cm as moderate and >88 cm as high risk (11). 

SPSS (Statistical Package for Social Sciences for Windows) version 21.1 
was used for statistical analyses of the data obtained. Descriptive statistics 
as frequency (n), mean (X̅), standard deviation (SD), percentages (%) up-
per lower limits were calculated. Fisher’s chi-square test was conducted 
to determine the difference between groups. The results were evaluated at 
95% confidence interval, at the p<0.05 significance level.

Results

Seven hundred and twenty-five (725) adult Turkish individuals who vol-
untarily agreed to participate in the online questionnaire were included in 
the study. The participants were between 18-65 years of age and 57.1% 
(n= 414) were females and 42.9% (n= 311) were males. Of the partici-
pants, 65.4% were between 31-60 years, 31.4% were between 18-30 years, 
3.2% were between 61-65 years. The mean (X̅) age of the participants was 
37±11.8 years.

Regarding medical history of the participants, majority (75.9%) stated that 
they did not have any disease, while 24.1% had at least one chronic disease 
but under control (diabetes, hypertension, cardiovascular diseases and/or 
others).

Regarding pre-pandemic BMI values, as per WHO categorization, 43.2% 
of the participants were normal, 35.9% were pre-obese, 13.2% were obese, 
and 0.3% were super-obese. The pre-pandemic BMI average value of the 
participants was 24.7 kg/m2 (not shown in the tables). However, during 
pandemic (date of survey) the mean BMI value had risen to 25.14 kg/m2 
(not shown in the tables) which was statistically significant (p<0.05). 
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Table 1. Demographic and anthropometric characteristics of participants 
during COVID-19 pre-pandemic and pandemic period

Frequency (n) Percentage (%)
Gender

Female 414 57.1
Male 311 42.9

Age (years)
18-30 228 31.4
31-60 474 65.4
61+ 23 3.2

 BMI Category (Pre-pandemic)
Underweight 54 7.4
Normal 313 43.2
Pre-obese 260 35.9
Obese 96 13.2
Super obese 2 0,3

BMI Category (During pandemic)
Underweight 46 6.3
Normal 293 40.4
Pre-obese 282 38.9
Obese 100 13.8
Super obese 4 0.6

WC Category 
(Pre-pandemic)

Normal (no risk) 439 60.5
Risk (moderate) 131 18.1
High Risk 155 21.4

WC Category (During pandemic)
Normal (no risk) 424 58.5
Risk (moderate) 124 17.1
High Risk 177 24.4
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On evaluating the change on BMI categories during COVID-19 
pandemic, a fall in numbers was noted in underweight and nor-
mal category whereas an increase in numbers were noted in all 
the obese (pre-obese, obese, super-obese) categories (Table 1).  
Regarding risk categories based on waist circumference; during COVID-19 
pandemic, there was a decrease in number of individuals in no risk catego-
ry (n=15) and moderate risk category (n=07) and an increase in the number 
of individuals in the high-risk category by 3% (n=22) which was found to 
be significant (p<0.05). (Table 1)

Table 2. Other life style parameters of participants during COVID-19 
pandemic 

Frequency (n) Percentage (%)
Meal Numbers/day

Decreased 105 14.5
No change 402 55.4
Increased 218 30.1

Chronic Diseases
None 550 75.9
Hypertension 34 4.7
Diabetes 16 2.2
Hypercholesterolemia 6 0.8
PCOS 6 0.8
Non-alcoholic fatty liver disease 3 0.4
Other 110 15.2

Physical activity (During pandemic)
Decreased 506 69.8
No change 146 20.1
Increased 73 10.1

Sleeping duration (During pandemic)
0-6 hours 152 21.0
6-9 hours 438 60.4
9-12 hours 0 16.7
12 hours+ 14 1.9
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While 69.8% of the participants stated that their physical activity level 
decreased, 20.1% stated that their physical activity status did not change, 
and 10.1% stated that their physical activity status increased during the 
pandemic process. Although the sleeping duration for majority of the in-
dividuals (60.4%) was between 6-9 hours; however, 21% reported to have 
slept for less than 6 hours during pandemic period (not shown in the table).

Of the participants, 14.5% stated that the number of consumed meals in a 
day decreased, 55.4% stated no change, and 30.1% reported that the num-
ber of consumed meals in a day increased during the pandemic process 
(Table 2).

In Table 3, waist circumference was evaluated for both genders separately 
for pre-pandemic period as per statements provided by the participants.

Table 3. Waist circumference according to gender (pre-pandemic period)

Category

Gender
n (%)

Normal 
(No Risk)

n (%)

Moderate 
Risk

n (%)

High Risk
n (%)

Total
n (%)

Female
414 (100)

271 (65.4) 55 (13.3) 88 (21.3) 414 (100)

Male
311 (100)

168 (54.0) * 76 (24.4) ** 67 (21.5) ** 311 (100)

* Chi square test, significantly lower p<0.05
** Chi square test, significantly higher p<0.05

When metabolic risk in this study group was evaluated according to waist 
circumference and gender in pre-pandemic period; 65.4% of females were 
found to have no risk, 13.3% were at moderate risk and 21.3% were at 
high risk. Among males, 54.0% were at no risk, 24.4%, were at moderate 
and 21.5%. were at high-risk group. As per chi-square analysis, it was 
observed that during pre-pandemic period, males had a significantly high-
er metabolic risk compared to females in terms of waist circumference 
(p<0.05). (Table 3)
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Table 4. Waist circumference according to gender (during pandemic 
period)

Category

Gender
n (%)

Normal (No 
Risk)
n (%)

Moderate Risk
n (%)

High Risk
n (%)

Total
n (%)

Female
414 

(100)
268 (64.7) 51.0 (12.3) 95 (22.9) 414 (100)

Male
311 

(100)
156 (50.1) * 73 (23.4) ** 82 (26.5) ** 311 (100)

* Chi square test, significantly lower p<0.05

** Chi square test, significantly higher p<0.05

When metabolic risk was evaluated according to waist circumference and 
gender during pandemic period; 64.7% of females were found to have no 
risk, 12.3% were at moderate risk and 22.9% were at high risk. Among 
males, 50.1% were at no risk, 23.4%, were at moderate and 26.5%. were 
at high-risk group. As per chi-square analysis, during pandemic period, 
males had a significantly higher metabolic risk compared to females in 
terms of waist circumference (p<0.05) (Table 4).

In both genders, there was an increase in the number of individuals in the 
high-risk group during COVID -19 pandemic; the increase was more in 
case of males (Table 3 and 4).

Discussion

This study indicates a weight gain among the participants during COVID-19 
pandemic, evaluated as an increase in the body mass index. Based on the 
provided statements, in 30.1% of participants there was an increase in meal 
frequency. On the other hand, 69.8% of the participants stated that their 
physical activity level decreased (Table 2). In a study performed on 727 
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adults in USA, 40% of participants stated to have gained weight post-lock-
down period and change in BMI was found to be significant (p<0.01). 
The participants stated that they engaged in much less physical activity 
and craved snacks and ultra-processed food items (12). When inquired 
about their sleeping duration, approximately 21% stated that they slept less 
than 6 hours which is below the recommendations for adult individuals, 
by American Academy of Sleep Medicine (AASM) and Sleep Research 
Society (SLS) (13). It may be suggested that factors such as lack of phys-
ical activity, increased frequency of meals, increased sleeping hours may 
lead to weight gain and obesity during lock-down period. Increased sleep 
time may be related to increased stress and poor quality of sleep-in indi-
viduals. In a study conducted on 1959 adults in Poland during COVID-19 
lockdown period, 57% of the participants reported moderate and 29% high 
stress levels respectively. Moreover, 64% of them reported poor quality of 
sleep. It was found that increased physical activity improved the quality of 
sleep in the participants (14). Stress, anxiety and poor-quality sleep have 
also been related to weight gain and obesity due to uncontrolled and emo-
tional eating attitudes, consumption of highly processed sugary foods and 
beverages (15).

Several studies indicate that an obesity state promotes chronic inflam-
mation, vitamin D deficiency, hinders immunity and causes mechanical 
lung compression. These increase susceptibilities to COVID-19 infection, 
complications including the requirement of invasive ventilation. Existing 
co-morbidities enhances these complications (16-18).  In this study, less 
than 25% of individuals stated to have been diagnosed with at least one 
disease and few stated to have been diagnosed with chronic diseases as 
hypertension, diabetes, cardio-vascular heart diseases. Globally, approx-
imately one in three of all adults suffer from multiple chronic conditions 
(MCCs) with prevalence rates from 16% to 58% in UK, 26% in US and 
9.4% in urban south Asians (19). Some of the major chronic diseases have 
been related to obesity and therefore indirectly related to eating habits, 
physical activity, stress and sleep (20).

COVID-19 pandemic situation poses a risk for individuals with chronic 
diseases and puts them into the higher risk category for hospitalization 
and mortality and irrespective of positive or negative alterations in their 
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anthropometric measurements, their nutrition and physical activity status 
should be followed professionally.

In this study, the BMI values of the individuals were found to increase sig-
nificantly during COVID-19 lockdown period (p<0.05). On comparing the 
waist circumference risk categories, the male participants were significant-
ly at a higher risk as compared to females during pre-pandemic as well as 
pandemic periods (p<0.05). There were more individuals in the high-risk 
category based on waist circumferences in both genders (indicated in the 
form of metabolic risk categories) during pandemic period (Table 3 and 4).

In a study conducted on 14,382 adult males and 11,484 adult females (19-
75 years), waist circumference was found to be related to age and after 
the age of 40-45 years, approximately 34.9% of females and 51.1% of 
males were at moderate and high risk based on WHO waist circumference 
metabolic risk category classification (21). Prevalence of Obesity in Tur-
key is approximately 32%, and obesity related chronic metabolic diseases 
as hypertension, type 2 diabetes mellitus, cardiovascular heart diseases, 
non-alcoholic fatty liver diseases have shown 2-3-fold increase in the last 
15-20 years (22). COVID-19 pandemic has increased the prevalence of 
obesity related health risks in the world including Turkey.

Limitations and Drawbacks of the Study

This study has certain limitations. Data regarding anthropometric mea-
surements, meal frequency, physical activity, sleeping habits before and 
during pandemic, of the participants were based on statements provided 
by them. Meal frequency is not sufficient to understand the food habits 
of participants during pandemic. Food frequency chart or food consump-
tion records would have been useful; however, these could not be applied 
due to the online questionnaire conducted on participants from variable 
spheres of the society with different educational levels.

Conclusion

The results of this study indicated that COVID-19 lockdown period result-
ed in changes in eating habits, physical activity and sleeping hours leading 
to weight gain and predisposition to obesity. Obesity on the other hand 
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increases vulnerability and risk of chronic diseases as well as COVID-19 
incidences with severe outcomes as hospitalization, ventilation, slow re-
covery and increased mortality. In line with all this information, nutritional 
status should not be ignored during pandemic periods, it is necessary to 
provide dietitian support for risky groups if necessary. Finally, it is recom-
mended that nutritional follow-up of individuals be done on a routine basis 
and public awareness be created in this aspect. 
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Anti-proliferative Effect of Niaouli and Elemi Essential 
Oils on MDA-MB-231 Breast Cancer Cell Line
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Abstract 

Objective: Recently, there has been an increasing number of studies in-
vestigating the role of essential oils in cancer treatment. In our study, we 
aimed to investigate the cytotoxicity of Niaouli and Elemi essential oils 
against human breast cancer MDA-MB-231 cells.

Material and Methods: The breast cancer cell line MDA-MB-231 
was used and cells were cultured in Dulbecco’s modified eagle medium 
(DMEM) in an incubator with 37°C and 5% CO2. Cells were treated with 
essential oil at different concentrations (100, 210, 430 and 650 μg/mL for 
Niaouli and 105, 210, 420 and 630 μg/mL for Elemi) for 24 hours. After 
that, cytotoxicity was determined by the MTT test.

Results: In our study results showed that Niaouli and Elemi essential oils 
had cytotoxic activity for the breast cancer cells line. For Niaouli and El-
emi essential oils, 50% inhibition concentration (IC50) values were deter-
mined as 280±1.29 μg/mL and 214±1.01 μg/mL, respectively.

Conclusion: As a conclusion, it is thought that there is a need for research 
using molecular analyzes to discover which molecular signaling pathways 
are involved and in vivo studies to support these activities.
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Introduction
Breast cancer is among the most common causes of death in the world, 
and the need to support conventional treatment and develop new agents 
for treatment continues (1,2). To date, we know 3000 essential oils, but 
only 300 of them are consumed as pharmaceuticals, cosmetics, and food 
(3). The fact that different essential oils obtained from aromatic medicinal 
plants have many bioactive makes them among the candidates that can 
be used in the treatment of breast cancer (2). Studies about plants have 
demonstrated that essential oils have better activities than intact plants (4). 
Studies have reported that essential oils have antioxidant, antimicrobial, 
antifungal, antiviral, and anticancer properties (2,5–7). Phytochemical 
compounds in essential oils lead to protective and cytotoxic effects against 
diseases (2,7,8). These compounds have been shown to increase the ef-
fectiveness of commonly used chemotherapy drugs (7). Niaouli essential 
oil is extracted from Melaleuca viridiflora which is a plant in the myrtle 
family Myrtaceae and elemi essential oils extracted from Canarium luzo-
nicum plant have industrial importance and are used for medicinal pur-
poses (9–11). 3-(4,5-dimethylthiazolyl)-2,5-diphenyltetrazolium bromide 
(MTT) assay is the most common method used to determine whether an 
active substance has anti-cancer properties. This method is a colorimetric 
method and gives results of ​​cell viability according to the color change 
(12).  In this study, it was investigated of Niaouli and Elemi essential oils’ 
cytotoxic activities in MDA-MB-231 breast cancer cells.t

Materials and methods

Cell culture

The breast cancer cell line MDA-MB-231 (The American Type Culture 
Collection (ATCC) was used and the cells delivered as a cold chain were 
thawed and grown in a cell culture medium. Cells were grown using a 
medium containing Dulbecco’s modified eagle medium (DMEM) (Cap-
ricorn Scientific), 10% heat-inactivated fetal bovine serum (FBS) (Sigma 
Aldrich), and 1% penicillin-streptomycin antibiotic solution (Sigma Al-
drich). 7x103 cells per well were seeded in 96-well plates to apply essential 
oils and form experimental groups. 24 hours after cell cultivation, control 
and essential oil groups were exchanged with normal medium and medium 
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containing essential oil at different concentrations (100, 210, 430, and 650 
μg/mL of Niaouli and 105, 210, 420, and 630 μg/mL of Elemi). Essential 
oils were dissolved in %0,5 DMSO. To evaluate the acute effect of essen-
tial oils, cells were incubated for 24 hours in an incubator (37°C, 5% CO2). 
At the end of the experiment, cell viability/cytotoxicity was determined 
based on the mitochondrial activity by the MTT test. DMEM, FBS, and 
penicillin-streptomycin antibiotic solution (Wisent-Canada), MTT, (Sig-
ma-Aldrich, Germany), and essential oils used in the experiments were 
commercially available.

Cell viability/cytotoxicity analysis

The tetrazolium ring of MTT (3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphe-
nyl-2H-tetrazolium bromide), a tetrazolium salt, is cleaved by the succi-
nate-dehydrogenase enzyme in the mitochondria of living cells, resulting 
in water-insoluble formazan salts. As cell proliferation increases, the ab-
sorbance value increases due to the formation of formazan salt. Cell viabil-
ity/cytotoxicity depending on mitochondrial activity is determined by this 
method. In our study, mitochondrial activities of breast cancer cells treated 
with essential oils were evaluated with this method. At the end of the ex-
periment, the medium was removed from the cells in the 96-well plates 
incubated with essential oils. Then, 100 µL of fresh medium and 10 µL 
(5 mg/mL) of MTT solution were added to the wells and incubated for 3 
hours. At the end of the incubation period, 100 µL of DMSO was added to 
each well and absorbance values were determined at 570 nm in an ELISA 
microplate reader (Multiskan GO-Thermo).

Statistical analysis

The data obtained from the study were evaluated with the IBM SPSS 21 
package program. The normal distribution of the data was determined by 
the Shapiro-Wilk test. Comparisons between groups were made with One-
way ANOVA, one of the independent sample tests. Results were given as 
mean ± standard deviation (mean ±SD). The statistically significant level 
of p<0.05 was accepted.
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Results

In our study, the cytotoxic effect of Niaouli essential oil on MDA-MB-231 
breast cancer cells was evaluated, and it was determined that all concentra-
tions of Niaouli decreased viability significantly compared to the control 
group (p<0,001) (Figure 1). It was found that there was no statistical dif-
ference between the group treated with DMSO used as a solvent and the 
control group (p=0,719).  When the groups administered Niaouli essential 
oil were compared with each other, there was no statistical difference be-
tween N1 and N2 (p=0.069), but a statistically significant difference was 
found between N1 and N3 (p=0.000) and N4 (p=0.000). It was determined 
that N3 (p=0.008) concentration decreased cell viability less than N2 con-
centration, and a statistically significant difference was observed between 
these two concentrations. There was no statistical difference between the 
N2 and N4 (p=0.019) groups and between the N3 and N4 (p=0.999) groups.

Figure 1. The effect of Niaouli essential oil applied to MDA-MB-231 
breast cancer cells. N1=650 μg/mL N2=430 μg/mL N3=210 μg/mL 

N4=100 μg/mL. p<0.001***
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Similar to Niaouli essential oil, Elemi essential oil has been found to have 
cytotoxic effect on cell viability of MDA-MB-231 breast cancer (p<0,001) 
(Figure 1). There was no statistical difference between the group treated 
with DMSO as a solvent and the control group (p=0,601).  When Elemi es-
sential oil groups are compared with each other, it was found that there was 
no statistical difference between E1 and E2 (p=1,000) groups, and there 
was a statistically significant difference between E1 and E3 (p=0.000) and 
E4 (p=0.000) groups. Compared to the E2 group, viability decreased less 
in the E3 (p=0.000) and E4 (p=0.000) groups. However, it was determined 
that there was a statistically significant difference between the concentra-
tions. It was found that cell viability decreased less in the E4 (p=0.000) 
group compared to the E3 group, and there was a statistically significant 
difference between the groups. 

According to the cytotoxic effects of Niaouli and Elemi essential oils, 50% 
inhibition concentration (IC50) values were calculated and determined as 
280±1.29 μg/mL and 214±1.01 μg/mL, respectively.

Figure 2. The effect of Elemi essential oil applied to MDA-MB-231 
breast cancer cells on proliferation. E1=630 μg/mL E2=420 μg/mL 

E3=210 μg/mL E4=105 μg/mL. p<0.001***
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Discussion

Essential oils have been shown to have antioxidant, antibacterial, antifun-
gal, antiviral, and anticancer effects in studies. Essential oils contain phy-
tochemical components that have both preventive and cytotoxic effects 
against diseases. These compounds have been demonstrated to improve the 
efficacy of commonly used chemotherapy medicines (2,5–8). In compari-
son to synthetic medications, plant-derived products are believed to cause 
less adverse effects. The number of new cancer therapy options based on 
endemic plants is growing every day. Essential oils are lipophilic, mean-
ing they pass the plasma membrane to affect the cell. Many studies have 
shown that essential oils can contribute to cancer treatment due to their an-
ti-cancer effects (13–15). Biological activity varies depending on the way 
the oil is obtained, its content and usage doses. It also varies according to 
the cell line used (16). For example, essential oil is not cytotoxic in a nor-
mal fibroblast cell but may have cytotoxic activity in a cancerous cell line 
(3,16).  Tea tree oil (TTO) obtained from Melaleuca alternofiolia, which 
belongs to the same genus as the plant from which Niaouli is obtained, has 
been studied intensively and according to the results obtained, it has been 
determined that it causes both digestive problems and skin irritation when 
used in high concentrations (17). However, it does not cause genotoxic 
effects in cancer cells and human lymphocytes (17,18). In our study, the 
concentration of Niaouli that caused the death of 50% of cells was 280 mg/
mL and had a relatively higher concentration than Elemi’s concentration 
(214 mg/mL). The dose range in which TTO caused 50% cell death of var-
ious cells (HeLa, K562, CTVR-1, Molt-4, Hep G2, HL-60, fibroblast, and 
epithelial cells) was determined as 20-2700 mg/mL (16). Aromatic essen-
tial oils are oils that can be applied especially on the skin by massage. In 
an in vivo study, topically applied TTO essential oil has also been reported 
to have antitumoral properties (3,19). The other essential oil obtained from 
Canarium luzonicum is a valuable oil that can be used for human health 
with its ingredients (20). It has been reported that Elemi has low cyto-
toxic activities in B16 melanoma cells, but can suppress melanogenesis, 
therefore, elemi can be used as a depigmentation agent for the cosmetic 
industry (21). In our study, we have found that Elemi essential oil also had 
cytotoxic activity for breast cancer cells.
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Conclusion

Taken together, the results obtained in the present work suggest that the 
Niaouli and Elemi essential oils have cytotoxic effect on cell viability of 
breast cancer for 24h. 

It may be possible to develop drugs with high efficacy and less side effects 
by using essential oils. However, it was concluded that there is a need for 
studies to determine which molecular signaling pathways affect by using 
molecular analyzes and to support these activities with in vivo studies.
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Disregarding Study Design of the Primary Studies 
Produces Misleading Meta-analyses

Lukman THALIB 1 

Meta-analyses use statistical methods to combine the findings from several 
studies that address similar research questions. The basic premise of the 
meta-analysis is that the combined results from a group of studies produce 
a more precise estimate of an effect than the individual studies when test-
ing a hypothesis. In the era of evidence-based medicine, meta-analyses 
play a vital role as the findings from meta-analyses are considered to pro-
duce higher level of evidence. As such, results of some of the meta-anal-
yses have led to major changes in clinical practice over the past decades. 

The level of certainty of the pooled estimates, however, depends largely on 
the quality of studies that is being aggregated (1). In particular, meta-anal-
yses have the potential to produce seriously misleading results when it is 
not done correctly. As the Cochrane methods group argues that “for the 
meta-analyses to be reliable, appropriate attention should be given to 
formulating the review question; specifying eligibility criteria; identify-
ing and selecting studies; collecting appropriate data; considering risk of 
bias; planning intervention comparisons; and deciding what data would 
be meaningful to analyse” 2. As such, a wrongly done meta-analyses can 
provide very misleading results, particularly, when the specific study de-
signs, within-study biases, variation across studies, and reporting biases 
were not carefully considered (2). 

In this commentary we aimed to demonstrate how meta-analyses can pro-
duce misleading findings when the design structure of the primary studies 

is ignored, while extracting data for synthesis. This is an area that is not 
well discussed in the literature, yet it is vitally important, if we were to 
avoid producing misleading conclusions. We will demonstrate this with an 
example of a recently published meta-analysis. 
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The meta-analysis in question was carried out by Pardamean et al (3) who 
attempted to quantify the increase in mortality after contracting COVID-19 
among patients with schizophrenia. They claimed to compare the mortality 
experience of Schizophrenia cases with that of the general population. In 
their review, the authors presented what they called the solid evidence to 
support the idea that risk of death after COVID in patients with schizo-
phrenia is 2.2 times higher than in the general population.  

However, their conclusion is based on wrong data extraction ignoring the 
study design and as such their meta-analysis ended up falsely finding sig-
nificant association between mortality and schizophrenia while the prima-
ry studies were showing no such associations. In other words, while the 
primary studies indicated non-significant or lack of association between 
mortality and schizophrenia, the authors attributed significant association 
to those non-significant studies. 

This happened as the data extraction ignored the study design structure and 
the hypothesis that authors were testing was different to the aim and objec-
tives of the individual studies that they synthesized. We are presenting this 
as an example so that the systematic review and evidence-based commu-
nity becomes aware of such issues in critically evaluating meta-analytical 
findings for their clinical practice applications.

Pardamean et al. (3) have included 10 primary studies that were predom-
inantly, retrospective cohort and case-control studies. The brevity of this 
communication will not permit us to discuss each of these 10 papers in-
cluded in their review to demonstrate how most of the papers included 
were not possibly even eligible to explore the hypothesis that authors were 
testing. However, the wrong relative risk attributed to individual studies 
possibly the most serious. That led to incorrect pooled estimates and led 
the authors to wrongly conclude that there are significantly more deaths 
among patients with schizophrenia, compared to the general population. 

To demonstrate this point, we have taken one individual study they in-
cluded as an example to highlight the issue. Tyson et.al (4) is one of the 
papers they included in their meta-analysis. Tyson and colleagues were 
attempting to find the predictors for mortality among hospitalized COVID 
patients in general. They carried out a case-control study with 75 COVID 
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patients who died in-hospital and an age-gender matched group of 75 
COVID patients who survived after hospitalisation. In the whole paper, 
only one place Schizophrenia is mentioned that was in their first baseline 
characteristics table, in fact, as the last item in the long list of baseline 
characteristics. History of schizophrenia was not statistically different in 
their study. Only 1 patient in the survival group and 5 patients in those 
who died had any history of schizophrenia. They also provided a bivariate 
p-value to compare all the baseline characteristics and reported a p-value 
of 0.096 for differences in the history of schizophrenia between those who 
died and survived after COVID.  

As Tyson et.al (4) were looking for predictors for COVID mortality and 
schizophrenia was not considered in the multivariate models as they were 
not different at crude level. Unfortunately, in the meta-analyses of Par-
damean et al. (3), a relative risk (RR) of 1.71 (along with a significant 95% 
confidence interval of 1.15 – 2.55) were attributed to Tyson et.al (4). How 
did they get such an estimate? In my view, this happened as the way data 
were extracted to form the 2 X 2 table to create the forest plot. Tyson et.al 
(4) reported 5 patients among the cases (died) and 1 in the control group 
(survived) to have Schizophrenia. Rather than using the correct fraction of 
5/75 (cases) compared to 1/75 (control), they instead computed the risk of 
death among Schizophrenia as 5/6 and compared to 70/144 as non-schizo-
phrenia controls. As though the study took 6 patients with schizophrenia as 
cases and compared to 144 controls, completely ignoring the age-matched 
case-control study of 75 cases of those who died out of COVID in-hospital 
compared to 75 controls who did not die after COVID! While Tyson et.al 
(4) found other major predictors to be significantly associated with COVID 
mortality at univariate and multivariate levels and schizophrenia was not a 
predictor at crude or multivariate levels, the meta-analysis by Pardamean 
et al. (3) attributed Tysen et.al a significant association between schizo-
phrenia and mortality after COVID. 

Ignoring the study design also created a serious selection bias. The me-
ta-analysis of Pardamean et al. (3) was based on mortality experience of 
about 2 million COVID patients, but Schizophrenia subjects consisted 
of less than 1.5% of their study population, i.e., over 98.5% of the study 
population had no Schizophrenia. Moreover, 8 out of 10 studies had less 
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than 5% of people with any history of Schizophrenia, indicating a serious 
selection issue. This is important as they predominantly pooled retrospec-
tive cohort and case-control studies where 2,773 Schizophrenia cases were 
compared to 193,159 control patients. This happens as the more balanced 
case-control and retrospective cohort structures were ignored. 

Ignoring the design structure while extracting data can happen when there 
is paucity of primary studies that review authors wish to evaluate. When 
there is lack of primary studies that focuses on the hypothesis that a re-
searcher is interesting in exploring there is not much a systematic review 
can do when there are insufficient data to synthesize. Systematic reviews 
and meta-analyses are simply meant to summarize the best evidence relat-
ed to the hypothesis that is being tested. Lack of primary studies does not 
permit one to resort to include inappropriate studies with inappropriately 
extracted data to synthesize the evidence. Evidence synthesized in such 
manner would not be of any use as they will not be the best evidence to 
answer the query at hand. Authors who are pooling observation studies 
should also pay attention to pooling estimates that are appropriately ad-
justed for potential confounders. 

Given the importance of maintaining the design structure in extracting 
data for meta-analyses from primary studies, this commentary is meant to 
warn the evidence-based research community on an issue that is probably 
wide-spread, yet not well discussed in the literature. 
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Abstract

Myeloid sarcoma is a rare tumor of extramedullary immature myeloid 
cells and very few cases of nasopharyngeal involvement have been docu-
mented. Despite being most common in skin, bone and lymph nodes; it can 
be seen in any region with nasopharynx being one of the rare sites. In this 
article, we aimed to present a case of nasopharyngeal myeloid sarcoma. 58 
– year – old male who was previously diagnosed with AML transformed 
from MDS and treated with chemotherapy, presented with complaints of 
hearing loss in the right ear and swelling in the right side of the neck. He 
had a mass lesion in the right half of the nasopharynx in the endoscopic 
examination performed upon the presence of hearing loss and serous otitis 
findings. Imaging findings revealed a mass lesion starting from the right 
half of the nasopharynx extending to the posterior of the carotid space 
and paravertebral area. Patient was diagnosed with acute myeloid leuke-
mia (AML) transformed from myelodysplastic syndrome (MDS) and was 
treated with chemotherapy regime consisting of cisplatin and concomitant 
radiotherapy. Since myeloid sarcoma is a rare tumor seen in 3-8% of pa-
tients with AML, high suspicion and immunohistochemical analysis are 
important in the diagnosis of this tumor.
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Introduction	

Myeloid sarcoma is a pathological definition expressing the extramedul-
lary proliferation of blasts in one or more myeloid series. It usually occurs 
as an isolated extramedullary leukemic tumor or as a relapse of AML(1). 
Although this tumor most commonly occurs in the skin, bone and lymph 
nodes; it can be seen in many regions such as the CNS, oral and nasal mu-
cosa, breast, genitourinary tract, chest wall, pleura and mediastinum(2) . 
The most common clinical findings are severe pain due to the mass effect 
of the tumor and abnormal bleeding. Treatment options such as chemo-
therapy, radiotherapy, hematopoietic stem cell transplantation and targeted 
therapy are available. The prognosis is worse for those that occur in pres-
ence of AML(3).

In this article, we aimed to present a case of nasopharyngeal myeloid sar-
coma, which is a rare presentation of myeloid sarcoma.

Case Presentation

A 58 –year – old male patient, who was previously diagnosed with AML 
transformed from MDS and treated with chemotherapy, presented with 
complaints of hearing loss in the right ear and swelling in the right side 
of the neck. Endoscopic examination revealed serous otitis findings in the 
right ear and a submucosal mass lesion in the right half of the nasopharynx. 
Cranial and cervical computed tomography (CT) and magnetic resonance 
imaging (MRI) of the patient revealed a mass lesion starting from the right 
half of the nasopharynx extending to the posterior of the carotid space and 
paravertebral area, surrounding the internal carotid artery by 360 degrees, 
penetrating into the carotid canal (Figure 1). In the PET-CT scan of the pa-
tient, a hypermetabolic mass lesion involving bilateral nasopharynx, being 
more prominent on the right was thought to be due to the primary disease 
(Figure 2). In complete blood count, white blood cell count was 7900/
microliter with %52.1 neutrophils, %37.5 lymphocytes, hemoglobin was 
15.1 g/dl and platelet count was 222000/microliters. While nasopharyn-
geal carcinoma was the most possible diagnosis, histopathology and im-
munohistochemistry of the punch biopsies taken from the nasopharyngeal 
mass revealed myeloid sarcoma. For the treatment, chemotherapy regime 
consisting of cisplatin and concomitant radiotherapy were initiated by the 
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medical oncology and radiation oncology departments but the patient died 
1 week after the beginning of the treatment regime.

Figure 1. Contrast-enhanced neck magnetic resonance imaging axial 
section revealed a mass lesion starting from the right half of the naso-

pharynx (indicated by blue arrow) and surrounding the internal carotid 
artery (indicated by red arrow) by 360 degrees.

Figure 2. PET-CT scan axial section indicated a mass lesion at the skull 
base, involving bilateral nasopharynx (indicated by red arrow).
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Discussion 

Myeloid sarcoma is the extramedullary proliferation of blasts in myeloid 
series, usually occurring as an isolated extramedullary leukemic tumor or 
in association with other myeloid disorders (mostly AML, myeloprolif-
erative diseases especially CML and MDS) (1). It is a rare tumor seen in 
3-8% of patients with AML. Despite being most common in skin, bone and 
lymph nodes; it can be seen in any region with nasopharynx being one of 
the rare sites (2). Myeloid sarcoma is usually misdiagnosed initially due to 
its clinical presentation with nonspecific symptoms (4). Patients can pres-
ent with sore throat, jaw pain, sinus pain, skin lesions (papules, nodules 
or rash), tonsillar enlargement or lymphadenopathy. In the oral cavity, au-
thors have emphasized that myeloid sarcoma could mimic pyogenic gran-
uloma, abscess or other inflammatory processes, thereby delaying biopsy 
and diagnosis (5).

The characteristic microscopic appearance of myeloid sarcoma is Indian 
mesh pattern. It is classified as granulocytic, monoblastic and myelomono-
cytic according to the most common cell type. The most common positive 
immunohistochemical markers are CD68 and CD13 (CD68 for macro-
phages and CD13 for granulocytes); myeloperoxidase (MPO) and CD117 
(markers for myeloid differentiation) ; lysozyme (a marker of monocytic 
lineage), CD43 (on the myeloid cells as well as the T cells and the B pre-
cursors) , CD34 and TdT (expressed on immature cells) (1,3). Initially, 
nasopharyngeal carcinoma was suspected in our case due to the clinical 
findings and localization. The main symptoms of our case were unilateral 
hearing loss which was explained by serous otitis media and unilateral 
neck mass, which were highly consistent with nasopharyngeal carcinoma. 
However, submucosal appearance of the lesion was suggestive for diag-
noses other than nasopharyngeal carcinoma. Hence, our case was diag-
nosed with myeloid sarcoma, in the context of AML history, the presence 
of lymphoepithelial component and the presence of CD117 positive cells. 

In the case of nasopharyngeal myeloid sarcoma reported by Raphael et al., 
although high grade lymphoma is suspected primarily for a 73-year-old 
man presented with a right-sided nasopharyngeal mass confirmed by im-
aging; absence of expression of lymphoid markers and myeloperoxidase 
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lead the final diagnosis of MS. The patient was treated with conventional 
induction AML therapy. The clinical outcome was favorable, the PET-CT 
scan showed no abnormal FDG uptake, the bone marrow and blood count 
were normal except for a megakaryocytic hypoplasia. However, three 
months later, another bone marrow examination revealed an overt acute 
myeloblastic leukemia and the patient was enrolled in a phase I trial with 
the Etoposide. After 2 cycles there was no response, the treatment was 
stopped and patient died from disease progression (6). In another case re-
port, further work-up was suggested to a 73 years old male patient who 
presented with one month history of dysphagia and noisy breathing. Hy-
pertrophy of the lingual and palatine tonsils was detected in the endoscopic 
examination. Biopsies taken from both tonsils were compatible with my-
eloid sarcoma and the patient opted for treatment with palliative chemo-
therapy but he died due to the rapid progression of the disease (7)where a 
mass (tumour. In an article three cases of myeloid sarcoma were presented: 
(1) A 17-year-old boy with AML-M4 presented with sudden bilateral facial 
paralysis, sudden hearing loss, vision disturbance and a rapidly growing 
mass in bilateral postauricular area (2). A 17-year-old girl presented with 
ill-defined soft mass measuring 5 cm in diameter in the right preauricu-
lar area (3). 33-year-old man presented with multiple masses on his skin, 
bilateral cervical and axillary lymphadenopathy. All patients undergone 
chemotherapy and immunotherapy with interleukin-2 was also added for 
case 3. However, all of them relapsed and died (8). For our case, a second 
regime of chemotherapy consisting of cisplatin and concomitant radiother-
apy was initiated as the treatment; yet patient died one week after.

Although there are different approaches in the treatment of the disease, 
such as chemotherapy, radiotherapy, hematopoietic stem cell transplanta-
tion and targeted therapies (imatinib, gemtuzumab, etc.), no clear consen-
sus or recommendation exists in the literature. The prognosis seems more 
dismal than overt AML although it remains controversial. In the absence 
of leukemia, surgical removal of the tumor followed by local radiotherapy 
may be performed; because granulocytic sarcomas are generally regard-
ed as radiosensitive tumors (9). Local radiotherapy may also yield better 
local tumor control if residual disease persists or the tumor relapsed after 
initial chemotherapy. Also, high-dose chemotherapy followed by stem cell 
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transplantation may be associated with a higher probability of survival 
or cure(10). 9 of 497 AML patients with isolated myeloid sarcoma retro-
spectively reviewed by Lee J.Y. et al. and the most common site for MS 
was head and neck region, with 4 patients evolving into AML in a median 
time of 13.4 months. Patients achieving complete remission after first-line 
treatment was higher in the “local treatment with or without systemic treat-
ment (LS)” group than in the “systemic treatment only (S)” group and 
while all patients in the LS group survived, all those in the S group died 
(P=0.012) (11). Patients with myeloid sarcoma combined with AML have 
a poor prognosis. Even after chemotherapy with or without radiotherapy, 
as many as 85% of the patients relapse within 1 year (12) and these relaps-
es are usually the cause of death (6–8). 

Myeloid sarcomas are related with worse prognosis especially in the pres-
ence of AML. So, early treatment initiation is crucial, which makes dif-
ferential diagnosis more important. For a nasopharyngeal mass, it should 
be highlighted that submucosal localization was not consistent with naso-
pharyngeal carcinoma and suspicious for other pathologies. In addition, 
history of hematological diseases such as myelodysplastic syndrome or 
myeloblastic leukemia is also suggestive for myeloid sarcoma. If myeloid 
sarcoma is one of the possible diagnoses, it is important to communicate 
with the pathologist to lead the diagnosis to a more accurate direction, in 
order to prevent waste of time.

Conclusion

In conclusion, myeloid sarcoma is a rare tumor seen in 3-8% of patients 
with AML and extremely rare when speaking of nasopharyngeal myeloid 
sarcoma in particular. High suspicion and immunohistochemistry are 
important for the diagnosis of this tumor having a poor prognosis. Lo-
cal treatment options such as surgical removal and radiotherapy could be 
considered in isolated tumors in the absence of leukemia, but systemic 
chemotherapy would be the treatment of choice in patients with leukemia.
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