
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Taha et al. Journal of Health, Population and Nutrition           (2024) 43:41 
https://doi.org/10.1186/s41043-024-00535-1

Journal of Health, Population 
and Nutrition

*Correspondence:
Sari Taha
Saritaha1993@gmail.com
Sa’ed H. Zyoud
saedzyoud@yahoo.com

Full list of author information is available at the end of the article

Abstract
Background Western diets, characterized by a high glycemic index and dairy content, can be risk factors for acne 
vulgaris. A few studies have suggested that adherence to non-Western diets, such as the Mediterranean diet (MD), 
may be protective against acne. This study aimed to explore the relationships between adherence to the MD and 
acne diagnosis and severity.

Methods This was a matched case‒control study carried out among university students studying health sciences to 
explore the relationship between adhering to the MD and an acne diagnosis. Convenience sampling was utilized for 
the initial recruitment of eligible participants, who were then 1:1 individually matched for age, gender, and body mass 
index (BMI). Adherence to the MD was assessed using the Mediterranean Diet Adherence Screener (MEDAS) tool, and 
acne severity was assessed using the Global Acne Grading System (GAGS). The data were analyzed using descriptive 
statistics, bivariate analysis, and conditional logistic regression, which included two models based on clinical data and 
the backward elimination technique.

Results A final sample of 121 cases was individually matched to 121 controls. Each group consisted of 28.9% males 
and 71.1% females, with most having a BMI within the healthy range (71.9%). Both the case (80.2%) and control 
groups (77.7%) demonstrated a predominant pattern of low adherence to the MD. At the bivariate level, family history 
significantly differed between the case and control groups (OR = 2.01, CI = 1.17–3.44), while adherence to the MD 
(OR = 0.86, CI = 0.46–1.60) did not reach statistical significance. According to the regression analysis, family history 
remained significant in the backward elimination model (aOR = 1.94, CI = 1.14–3.34), while it disappeared in the full 
model (aOR = 1.95, CI = 1.14–3.34). Neither model revealed a significant association between acne and the other 
variables. Among the participants in the case group, neither adherence to the MD nor adherence to its components 
was significantly associated with acne severity, except for vegetables (p = 0.022).

Conclusions Adherence to the MD was not correlated with acne diagnosis or clinical severity. More research on the 
association between acne and adherence to the MD is needed, as earlier studies are few, were conducted in specific 
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Introduction
Acne vulgaris is a common dermatological disease with 
a chronic, inflammatory course. While the global preva-
lence of acne vulgaris was estimated to be 3,073.3 cases 
per 100,000 people in 2019 according to the Global Bur-
den of Disease (GBD) study, the prevalence among ado-
lescents and young adults is higher and substantially 
decreases beyond 30 years of age [1–3]. The regional 
prevalence is higher in high-income regions, such as 
Western Europe; however, the change in acne preva-
lence between 1990 and 2019 was among the greatest 
in the Eastern Mediterranean Region (EMR) [2, 3]. The 
reported prevalence of acne in the region ranges widely 
from 34.7% in Syria to 80.9% in Palestine, with a general 
trend of female predominance [4–7]. Moreover, acne is 
more prevalent and severe among males in late adoles-
cence [8, 9] but more prevalent in females across other 
age groups [10, 11].

Several mechanisms are implicated in the multifac-
eted and interdependent pathogenesis of acne, including 
inflammatory mechanisms, excessive sebum production, 
keratinocyte hyperplasia, androgenic hormone effects, 
and hyperproliferation of cutibacterium acnes [12, 13]. 
Insulin-like growth factor-1 (IGF-1) induces hyperpla-
sia of keratinocytes and increases sebum production 
by promoting sebaceous gland hyperproliferation and 
lipid synthesis [12, 14, 15]. Given the impact of diet on 
the hormonal, inflammatory, and environmental factors 
leading to acne, various dietary components have been 
found to affect acne development. Irrespective of culi-
nary characteristics, a high glycemic index (GI) diet has 
been linked to acnegenesis, whereas adoption of a low-GI 
diet is associated with reduced acnegenesis and severity 
in adolescents and young adults [16–20]. However, evi-
dence on milk consumption is mixed and largely depen-
dent on observational studies. Increased dairy intake is 
associated with acne severity in young populations only 
in areas where Western diets prevail [21–23]. Both high-
GI and dairy diets lead to hyperinsulinemia and elevated 
IGF-1 levels, thereby increasing sebum and androgen 
hormone production, both of which are implicated in 
acne pathophysiology [15, 24, 25]. Furthermore, the 
consumption of omega-3 fatty acids and γ-linoleic acid, 
which are abundant in fish and olive oil, may improve 
acne symptoms [26].

The Mediterranean diet (MD) is mainly a plant-based 
diet that was developed and adopted around the Medi-
terranean Basin before globalization impacted traditional 
dietary systems. The MD is based on a regular intake 

of olive oil as the primary source of fat and high con-
sumption of fruits, vegetables, and grains, while allow-
ing a moderate intake of white meat, fish and wine, and 
restricting the consumption of sugary products and red 
meat [27, 28]. Research has suggested that adherence to 
the MD may reduce the risk of cardiovascular disease 
(CVD), type 2 diabetes mellitus, metabolic syndrome, 
dementia, rosacea, psoriasis, and hidradenitis suppura-
tiva [29–35]. These health benefits have been attributed 
to the effects of the MD on insulin sensitivity, endothelial 
function, blood lipids, and inflammatory and oxidative 
stress [36].

The assumption that non-Western diets, such as the 
MD, may have a protective role against acne is based 
on two arguments. First, observational studies of non-
Western populations have suggested a protective role of 
non-Western diets against acne. One study, for example, 
reported no cases of acne among two South American 
indigenous populations, while the introduction of West-
ern diets and lifestyles increased the incidence of acne 
[37]. Second, the individual dietary components of the 
MD demonstrate biological plausibility for acne protec-
tion. The MD components have a low GI and contain 
antioxidant compounds with anti-inflammatory effects, 
such as hydroxytyrosol and tyrosol, which are present in 
olive oil [38].

Research on the impact of adherence to a whole dietary 
pattern, such as the MD, on acne is scarce. Only a few 
studies have suggested a protective effect of adherence 
to the MD on acne [39–42]. However, these studies were 
limited to populations residing in southern European 
countries. Palestine is an Eastern Mediterranean area 
with distinctive and diverse cuisine. Despite this diver-
sity, Palestinian cuisine is based on common dietary 
characteristics, such as the high intake of olive oil, veg-
etables and white meat, which are basic elements of the 
MD [43, 44]. This case‒control study aimed to investigate 
the impact of the MD on the presentation and severity of 
acne among university health science students in Pales-
tine. It also aimed to explore the extent of adherence to 
the MD and its components.

Methods
Study design and settings
This was a matched case‒control study that was con-
ducted using clinical examination and an interviewer-
administered questionnaire to assess adherence to the 
MD for one year preceding the study, as the exposure of 
interest, among the case and control groups, with acne 

settings, and used variable methodologies. To improve the validity and reliability of the research methodology, the 
development of detailed and culturally adapted MD definitions and practical guides is recommended.
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vulgaris as the outcome of interest. It was performed 
among students of health sciences majors at An-Najah 
National University in Nablus, Palestine between March 
15 and July 31, 2023.

Sampling and selection of case and control groups
The case definition of acne is the presence of comedo-
nes, papules, pustules, nodules, and/or cysts on the face 
and upper trunk as identified by a clinical examination 
conducted by a certified physician under clear daylight-
ing [45]. The cases were students diagnosed with acne as 
per the abovementioned case definition, and the controls 
were acne-free students to whom the case definition did 
not apply and who belonged to the same population base 
of students as the cases.

The case and control groups were individually matched 
for age, gender, and body mass index (BMI). Matching 
improves the statistical efficiency of an effect estimator 
by reducing the variance [46]. Matching variables were 
selected based on the presence of a potential association 
between the outcome and exposure, given that match-
ing for a particular variable is practical and feasible. For 
age, the participants were matched according to three 
age groups: 18–19, 20–21, and ≥ 22 years old. For BMI, 
the participants were matched according to the World 
Health Organization’s (WHO) BMI classification: under-
weight, < 18.5  kg/m²; normal weight, 18.5–24.9  kg/m²; 
overweight, 25.0-29.9  kg/m²; and obese, > 30.0  kg/m² 
[47].

Female and male students enrolled at the Faculty of 
Medicine and Health Sciences and registered in the sec-
ond or summer semester were eligible to participate. 
Students with a past medical history of diabetes, hyper-
tension, polycystic ovarian syndrome (PCOS), hidrad-
enitis suppurativa, and corticosteroid-induced acne and 
those previously treated with isotretinoin for one year 
before the study were excluded from the study. A con-
venience sampling technique was used by inviting the 
students to participate in the study. Invitations were 
communicated during lectures given at the Faculty of 
Medicine and Health Sciences. The following equation 
was used to determine the sample size [48, 49]:

n (for each group) = (r + 1) (p*) (1-p*) (Z [α/2] + Z [β])2/r 
(p0-p1)2.

Z [α/2] value corresponding to a significance level of 
0.05 = 1.96.

Z [β] value corresponding to a desired power of 
0.20 = 0.84.

p*= p0+p1/2.
r = ratio of cases to controls.
p0 is the proportion of controls with exposure, which 

was assumed to be 0.625 based on a previous study on 
adherence to the MD among a similar population of Pal-
estinians [50].

p1 is the proportion of cases with exposure. p1 was esti-
mated at 0.431 based on data from the only study inves-
tigating the impact of adherence to the MD and acne, 
using the same questionnaire, and reporting the propor-
tion of cases with exposure [40].

The sample size yielded by the equation was 106 for 
each group. To increase the power of the study, the final 
sample size was increased depending on the ability to 
recruit, include and match eligible cases and controls. 
Students who were eligible for inclusion were exam-
ined for acne and joined the potential pool of the case 
and control groups. Then, candidates were checked for 
matching based on information obtained on the matching 
variables. Cases and controls who could not be matched 
to an appropriate candidate from the other group were 
excluded. When more than one case or control could be 
matched to only one candidate, the case‒control pair was 
selected randomly using computer-generated numbers. 
All successfully matched pairs were enrolled in the study.

Data collection
I. definitions of demographic, personal and clinical variables
The interviewer-administered questionnaire included 
demographic, personal, and clinical questions on age, 
gender, major, year of study, self-reported weight and 
height, smoking status, consumption of milk, duration 
of acne (categorized as < 1 year, 1–5 years, 5 to 10 years, 
> 10 years), family history of acne, and self-reported, 
past medical history of diabetes mellitus, hypertension, 
metabolic syndrome, dyslipidemia, polycystic ovarian 
syndrome (PCOS), and use of steroids or isotretinoin 
during the year preceding the study. Smoking status was 
classified into three categories: current smoker, defined 
as a participant who smoked cigarettes, vape or hookah 
on most days of the past year; previous smoker, defined 
as a participant who quit smoking more than one year 
before the start of the study; and nonsmoker, defined as 
a participant to whom the previous two conditions did 
not apply. Milk consumption was classified into frequent 
consumption on most days, once to twice a week, or less 
than once a week. The questionnaire included questions 
on milk consumption, smoking status, and family history 
as confounders to be adjusted for in the analysis [51].

II. Dietary assessment
The dietary assessment was made using the interviewer-
based 14-Item Mediterranean Diet Adherence Screener 
(MEDAS) tool to retrospectively assess adherence to the 
MD during the year preceding the study [52–55]. The 
MEDAS tool was developed for use in the PREDIMED 
study, a large randomized controlled trial investigating 
the role of adherence to the MD in the primary preven-
tion of CVD [56]. Given its short and simple content, the 
MEDAS tool provides quick and practical estimation of 
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adherence to the MD and requires less effort than longer 
screening tools while maintaining validity and reliability. 
Indeed, the tool has demonstrated validity and reliability 
in different countries and languages [52, 57–59]. More-
over, the content and arrangement of the questionnaire 
were found to be culturally appropriate for the popula-
tion targeted in this study. Furthermore, previous stud-
ies exploring the association between adherence to the 
MD and acne use the same tool for assessment, which 
might facilitate comparison to these studies [40, 41]. The 
MEDAS questionnaire comprised 12 inquiries regard-
ing the frequency of food consumption and two queries 
related to dietary habits. A maximum score of 14 can 
be attained by higher consumption frequency of eight 
food components, the adoption of two dietary habits, 
and lower consumption frequency of four components. 
One point is assigned for each of the following criteria: 
reliance on olive oil as the primary source of fat, prefer-
ence for white meat over red meat, intake of olive oil (≥ 4 
tablespoons/day), inclusion of vegetables (≥ 2 servings/
day), incorporation of fruits (≥ 3 servings/day), limited 
consumption of red or processed meats (< 1 serving/
day), restricted use of butter, cream, or margarine (< 1 
serving/day), minimal intake of sweet or carbonated bev-
erages (< 1 cup/day, cup = 100  ml), inclusion of legumes 
(≥ 3 servings/week), regular consumption of fish or sea-
food (≥ 3 servings/week), limited intake of commercial 
sweets and pastries (< 2 pieces/week), incorporation of 
tree nuts (≥ 3 servings/week), regular consumption of 
wine (≥ 7 glasses/week), and utilization of sofrito sauce 
(≥ 2 servings/week) [52]. Sofrito sauce, composed of gar-
lic, onion, and tomatoes sautéed in olive oil, is the basis 
for this assessment [60]. Participants are categorized 
based on their final scores, with a score of ≤ 7 indicating 
low adherence to the Mediterranean diet and a score > 7 
denoting higher adherence to the diet. Professor Miguel 
A Martínez-González granted permission to use the scale 
via email.

III. Assessment of acne severity
The Global Acne Grading System (GAGS) was used to 
assess acne severity. The GAGS assigns a severity score 
based on the location and form of the acne lesions. For 
locations, 3 points are given for lesions on the trunk; 2 for 
those on each of the forehead, right cheek, and left cheek, 
and 1 for each of those on the nose or chin. For forms, 
only the most severe lesion was considered for grading, 
with 1 point given for comedones, 2 for papules, 3 for 
pustules, and 4 for nodules and/or cysts. To calculate the 
local score, the number of points given for a particular 
location is then multiplied by the number of points for 
the most severe lesion on that location. The global score 
is the summation of the local grade of every involved 
location. The severity of acne was graded according to 

the global score as follows: mild (GAGS: 1–18), moder-
ate (GAGS: 19–30), severe (GAGS: 31–38), or very severe 
(GAGS > 38) [61]. A binary outcome of mild (≤ 18) and 
moderate-to-severe (> 18) acne was used in this study.

Validity and reliability
A set of measures was taken to enhance the validity and 
reliability of the study. First, cases were defined based on 
a clear reference to avoid classification error, and controls 
were selected independent of exposure status and from 
the same base population that produced the cases. More-
over, confounding factors were controlled by matching, 
restriction, and regression analysis. Restriction was per-
formed by excluding cases with diseases and medications 
that may affect the relationship between diet and acne. 
Finally, matched analysis using the appropriate method 
of regression was conducted to account for potential 
confounders.

Data analysis
Statistical analysis was performed using SPSS version 
26.0 (IBM Corporation, USA). The Shapiro‒Wilk test was 
used to test for normality of the MD score. The case and 
control groups were compared for differences in demo-
graphic and lifestyle characteristics and adherence to the 
components of the MD using frequency and percent-
age. The mean and standard deviation were reported for 
age. Bivariate analysis to assess differences in exposure 
employed a matched analysis using McNemar’s chi-
square test [62]. The crude odds ratio of potential con-
founding exposures among the participants in the case 
and control groups was calculated. As the study adopted 
an individual 1:1 matching approach, two conditional 
logistic regression models were developed and used to 
adjust the odds ratio to potential confounders. Condi-
tional logistic regression, which ‘conditions’ each case 
to its matched control, is used in individually matched 
case‒control studies to avoid the inaccuracy that might 
arise from potential small values in the strata of contin-
gency Table [62]. The full regression model included 
potential confounders by a priori clinical selection of 
variables based on the literature, while the other model 
employed the backward elimination technique to select 
the variables that would be included in the most parsi-
monious model fitting the data [63, 64]. The goodness 
of fit for the second model was assessed using the Hos-
mer and Lemeshow test (a p value > 0.05 indicates a good 
fit). Furthermore, the chi-square test was used to analyze 
the association between acne severity and adherence to 
the MD components among the participants in the case 
group. The precision of association was determined using 
a 95% confidence interval (CI) and a p value < 0.05.
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Ethical consideration
Permission to conduct this study was obtained from the 
Institutional Review Board (IRB) of An-Najah National 
University. The study was conducted in accordance with 
the relevant regulations of the Helsinki Declaration [65]. 
Informed consent was obtained from the participants, 
with privacy and confidentiality ensured during the clini-
cal examination.

Results
Of the 5200 registered students potentially eligible for 
inclusion, 760 were approached and invited to partici-
pate. Of those, 491 agreed to participate and consented to 
the examination, for a study response rate of 64.6%. After 
examination, 190 cases were diagnosed with acne, nine of 
whom were excluded according to the exclusion criteria. 
The potential control group consisted of 301 participants, 
12 of whom were excluded, resulting in the matching of 
289 potential control candidates with 181 cases. Match-
ing yielded two groups of 135 cases and 135 controls who 
completed the questionnaire. Then, four cases and seven 
controls were excluded due to considerable missing data, 
resulting in a survey response rate of 97.0% among cases 
and 94.8% among controls. To achieve optimal matching, 
a further ten cases and seven controls were excluded. The 
final sample consisted of 121 individually matched cases 
and 121 controls. Due to the nature of recruitment, rea-
sons for nonparticipation other than noneligibility and 
missing data could not be identified. Figure 1 illustrates 
the process of recruitment, selection and matching.

The mean ages of the participants in the case and 
control groups were 20.3 (SD ± 1.7) and 20.1 (SD ± 2.3), 
respectively. Each group consisted of 28.9% (n = 35) 
males and 71.1% (n = 86) females. Most participants in 
both groups had a BMI within the healthy range (71.9%, 
n = 174). Medicine, dentistry and nursing were the most 
common study majors reported by the participants 
in both the case and control groups. The majority of 
the participants in the case (72.7%, n = 88) and control 
(57.0%, n = 69) groups reported a positive family his-
tory of acne. While most participants in the case (85.5%, 
n = 100) and control (89.0%, n = 97) groups said they were 
nonsmokers, just less than half of the participants in the 
case (42.4%, n = 50) and control (44.4%, n = 48) groups 
reported daily intake of milk (Table 1).

The MD score was found to be nonnormally distributed 
(Shapiro–Wilk test, p < 0.001). The majority of both the 
case (80.2%, n = 97) and control groups (77.7%, n = 94) had 
low adherence to the MD, with the same median score of 
6.0 (IQR = 5.0–7.0). Of the 14 survey items, only six indi-
cating high adherence were predominant: utilization of 
oil as the main fat source (74.8%, n = 181) coupled with 
low consumption of animal fat sources (12.0%, n = 29); 
high consumption of dishes with sofrito sauce (78.1%, 

n = 189); consumption of poultry more than red meat 
(57.9%, n = 140) coupled with low consumption of red or 
processed meat (37.6%, n = 91); and low consumption of 
sweet or carbonated beverages (25.6%, n = 62) (Table 2).

At the bivariate level, only having a positive family his-
tory of acne was significantly different between the case 
and control groups (p = 0.011) (Table  1). The propor-
tion of participants with high adherence to the MD in 
the control group (n = 27, 22.3%) was higher than that 
in the case group (n = 24, 19.8%). Likewise, the control 
group demonstrated a trend toward higher adherence to 
the individual components of the MD. However, these 
case‒control differences in adherence to either the MD 
(p = 0.652) or to the individual MD components did not 
reach statistical significance, except for vegetable con-
sumption (p = 0.022) (Table  2). The conditional logistic 
regression based on backward elimination selected fam-
ily history and adherence to the MD as the variables of 
the best model fitting the data (Hosmer and Lemeshow 
test, p = 0.343). Similar to the bivariate analysis, acne 
cases were significantly more likely to have a positive 
family history (aOR = 1.94, CI = 1.14–3.34), while adher-
ence to the MD did not achieve statistical significance 
(aOR = 0.88, CI = 0.47–1.62). The full regression model 
showed that none of the variables, including family his-
tory, were associated with acne (Table 3).

Most of the participants in the case group had acne on 
the forehead (65.3%, n = 79), followed by the right cheek 
(55.4%, n = 76) and left cheek (52.1%, n = 63). Nearly one-
third had acne for less than one year (33.9%, n = 41), while 
almost half had acne for one to five years (51.2%, n = 62) 
(Table  4). Among the participants in the case group, 
adherence to the MD was not significantly associated 
with acne severity (p = 0.579). In addition, none of the 
MD components were significantly associated with acne 
severity (see Table 5).

Discussion
The impact of diet on acne pathogenesis is controver-
sial. Particularly, high GI and dairy intake, both of which 
are characteristic of Western diets, are associated with 
acnegenesis. The MD, as a non-Western diet consisting 
of foods with high anti-inflammatory and low-GI compo-
nents, may reduce the odds of acne. However, only a few 
recent studies have explored the impact of adherence to 
the MD on acne. This case‒control study aimed to inves-
tigate the impact of adherence to the MD on acne and 
assess the extent of this adherence in a young population 
of university students.

The study revealed that adherence to the MD is not 
associated with acne diagnosis or severity. In contrast, 
three previous studies adopting a case‒control design 
have suggested that high adherence to the MD may be 
protective against acne [39–41]. This contrast may be 
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attributed to variations in research settings and meth-
odologies, thereby limiting comparisons to the pres-
ent study. First, all of these studies were conducted in 
southern European countries, namely Italy and France, 
with one study restricted to middle-aged females. Cul-
tural disparities in dietary patterns and lifestyles may 
contribute to differences in overall diet, which may con-
found the relationship between adherence to the MD 
and acne development, leading to varying effects in dif-
ferent settings. Furthermore, one study utilized a dif-
ferent scale with different dietary components and a 
distinct score calculation [39]. Another study reported 

an association between adherence to the MD and clini-
cal severity among participants in the case group, but it 
did not report a difference between the case and con-
trol groups [41]. Given the paucity of related studies 
and their methodological variations, the generalization 
of a protective effect of adherence to the MD on acne 
amounts to hasty generalization, which is an informal 
fallacy of extrapolation based on insufficient evidence 
[66, 67]. Instead, the hypothesis and little evidence aris-
ing from these published studies need further longitudi-
nal research to integrate the MD into a holistic, dietary 
approach for acne management.

Fig. 1 The process of recruitment, selection and matching of the case and control groups

 



Page 7 of 13Taha et al. Journal of Health, Population and Nutrition           (2024) 43:41 

Table 1 Background characteristics of the case and control groups
Factors Cases 

N (%)
Controls
N (%)

Total p value

Age -
18–19 42 (34.7) 42 (34.7) 84 (34.7)
19–20 50 (41.3) 50 (41.3) 100 (41.3)
≥21 29 (24.0) 29 (24.0) 58 (24.0)
Gender -
Male 35 (28.9) 35 (28.9) 70 (28.9)
Female 86 (71.1) 86 (71.1) 172 (71.1)
BMI -
Underweight 10 (8.3) 10 (8.3) 20 (8.3)
Healthy range 87 (71.9) 87 (71.9) 174 (71.9)
Overweight 21 (17.4) 21 (17.4) 42 (17.4)
Obese 3 (2.5) 3 (2.5) 6 (2.5)
Study Major 0.197
Medicine 64 (52.9) 77 (63.6) 141 (58.3)
Dentistry 8 (6.6) 14 (11.6) 22 (9.1)
Nursing 12 (9.9) 7 (5.8) 19 (7.9)
Pharmacy 7 (5.8) 5 (4.1) 12 (5.0)
Medical imaging 8 (6.6) 2 (1.7) 10 (4.1)
Speech pathology 2 (1.7) 5 (4.1) 7 (2.9)
Anesthesia and Resuscitation 5 (4.1) 2 (1.7) 7 (2.9)
Pharmacy doctor 3 (2.5) 2 (1.7) 5 (2.1)
Physiotherapy 3 (2.5) 2 (1.7) 5 (2.1)
Optometry 3 (2.5) 1 (0.8) 4 (1.7)
Cardiac perfusion technology 1 (0.8) 2 (1.7) 3 (1.2)
Medical Laboratory Sciences 3 (2.5) 0 (0.0) 3 (1.2)
Midwifery 2 (1.7) 1 (0.8) 3 (1.2)
Cosmetics and skin Care 1 (0.8) 0 (0.0) 1 (0.4)
Year of study 0.643
First year 38 (31.4) 28 (23.1) 66 (27.3)
Second year 36 (29.8) 42 (34.7) 78 (32.2)
Third year 22 (18.2) 22 (18.2) 44 (18.2)
Fourth year 15 (12.4) 17 (14.0) 32 (13.2)
Fifth year 9 (7.4) 12 (9.9) 21 (8.7)
Sixth year 1 (0.8) 0 (0.0) 1 (0.4)
Family history of acne vulgaris
Positive 88 (72.7) 69 (57.0) 157 (64.9) 0.011*
Negative 33 (27.3) 52 (42.9) 58 (35.1)
Adherence to the MD
Low 97 (80.2) 94 (77.7) 191 (78.9) 0.652
High 24 (19.8) 27 (22.3) 51 (21.1)
Milk Consumption 0.736
None 28 (23.7) 21 (19.4) 49 (21.7)
1–2 per week 40 (33.9) 39 (36.1) 79 (35.0)
Daily intake 50 (42.4) 48 (44.4) 98 (43.4)
Smoking status 0.700
Nonsmoker 100 (85.5) 97 (89.0) 197 (87.2)
Previous smoker 2 (1.7) 1 (0.9) 3 (1.3)
Current smoker 15 (12.8) 11 (10.1) 26 (11.5)
*: p value is below the threshold for significance (0.05). McNemar’s chi squared test was used to test for statistical significance

- Abbreviations: BMI: body mass index, MD: Mediterranean diet
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This limitation in comparison is a part of the broader 
context of nutrition epidemiology where the validity 
of diet research is compromised by inherent method-
ological challenges in measurement and adjusting for 
confounding. By nature, diets and nutritional status are 
influenced by biological variations in nutrient absorp-
tion and metabolism and interact with a multitude of life-
style factors, such as physical activity and smoking [68]. 
Comprehensive identification of potential confounders 

between acne and adherence to the MD is thus imprac-
tical and infeasible, especially since the association 
between these factors and acne remains highly inconclu-
sive [51]. Moreover, diets consist of various nutritional 
components, making it challenging to isolate the impact 
of certain nutrients consumed within a whole diet [69].

Furthermore, accurate measurement of dietary expo-
sure is challenging for several reasons. Because quan-
tification of portion size, which varies across regions, is 

Table 2 Description of adherence to the components of the MD (MEDAS questionnaire) among the acne and control groups
Item Cases 

N (%)
Controls
N (%)

Total
N (%)

p value

Use of olive oil as main source of fat 90 (74.4) 91 (75.2) 181 (74.8) 0.882
olive oil ≥ 4 tablespoons/day 38 (31.4) 39 (32.2) 77 (31.8) 0.890
Vegetables ≥ 2 servings/day 26 (21.5) 42 (34.7) 68 (28.1) 0.022*
Fruits ≥ 3 servings/day 18 (14.9) 20 (16.5) 38 (15.7) 0.724
Red or processed meats ≥ 1 serving/day 46 (38.0) 45 (37.2) 91 (37.6) 0.894
Butter, cream, or margarine ≥ 1 serving/day 17 (14.0) 12 (9.9) 29 (12.0) 0.322
Sweet or carbonated beverages ≥ 1 cup/day 34 (28.1) 28 (23.1) 62 (25.6) 0.377
Legumes ≥ 3 servings/week 38 (31.4) 33 (27.3) 71 (29.3) 0.480
Fish and seafood ≥ 3 servings/week 11 (9.1) 9 (7.4) 20 (8.3) 0.641
Commercial sweets ≤ 2/week 78 (64.5) 70 (57.9) 148 (61.2) 0.291
Tree nuts ≥ 3 servings/week 33 (27.3) 39 (32.2) 72 (29.8) 0.399
Poultry more than red meats 75 (62.0) 65 (53.7) 140 (57.9) 0.193
Use of sofrito sauce in a dish ≥ 2 servings/week 90 (74.4) 99 (81.8) 189 (78.1) 0.162
*: p value is below the threshold for significance (0.05). The chi-squared (χ²) test was used to test for statistical significance

- The frequency and percentage values represent the number of participants in the case and control groups with higher consumption in relation to the total 
number of participants in the case and control groups, respectively. The frequency and percentage values under the column “total” represent the total number of 
participants with higher consumption in relation to the number of participants

- A higher consumption of red/processed meat; butter, cream, or migraine; sweet or carbonated beverages; and commercial sweets indicates low adherence to the 
MD.

Table 3 Conditional logistic regression of the variables potentially affecting acne diagnosis
Crude odds ration Full model: 

adjusted odds ratio (CI 95%)
Backward elimination model: 
adjusted odds ratio (CI 95%)

Adherence to the MD
Low adherence reference reference reference
High adherence 0.86 (0.46–1.60) 0.70

(0.34–1.37)
0.88
(0.47–1.62)

Family history of acne vulgaris
Negative family history Reference reference reference
Positive family history 2.01* (1.17–3.44) 1.75

(0.91–3.13)
1.95*
(1.14–3.34)

Smoking status
Nonsmoker reference reference -
Previous smoker 2.19 (0.19–24.83) 1.51 (0.12–18.64)
Current smoker 1.31 (0.51–3.35) 1.19 (0.45–3.17)
Milk Consumption
None reference reference -
1–2 times a week 1.10 (0.56–2.17) 0.83 (0.42-2.00)
Daily intake 1.01 (0.54–1.85) 0.72 (0.41–1.83)
- Abbreviations: CI: Confidence interval, MD: Mediterranean diet

- Analysis was conducted by employing conditional logistic regression. The full regression model included potential confounders by clinical selection of variables 
based on the literature (family history of acne vulgaris, smoking status, and milk consumption). The second model used the backward elimination technique, and 
adherence to the MD and family history of acne vulgaris were the only two variables that fit the model

- The Hosmer–Lemeshow test indicated a goodness of fit (p value > 0.05) for both models
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not specified in standardized scoring tools for the general 
population, the reliability of these tools is questionable 
[70]. The development of culturally appropriate nutri-
tional guides may help adjust data collection tools for 
use in different settings. For example, a photographic 
food atlas containing portion size estimations for certain 
foods was created in Palestine [71], which can be further 
developed, systemized and published for use in research 
methodology conducted in the region. Moreover, as diet 
impact on health is accumulative, a longitudinal, pro-
spective design is crucial for establishing a cause‒effect 
relationship based on a valid temporal sequence of diet 
and disease. Even when such a design is adopted, eat-
ing habits are inconsistent over time due to changing life 
conditions and seasonal variations [68, 69].

The MD definition is broad and nonstandardized, as it 
has been described based on general trends in food con-
sumption [28, 70]. Instead, the conceptualization of the 
MD should move toward formulating comprehensive, 
detailed, and culturally suited definitions. The traditional 
definition of the MD, on which the scoring systems were 
based, overlooks the cultural nuances in the eastern and 
southern Mediterranean [70]. The different Mediter-
ranean cuisines are heterogeneous, although they share 
the major elements of the MD by virtue of similarities 
in geography, culture, and climate. In these cuisines, the 
MD is a part of a broader dietary system, which may 
confound the accumulative effect of diet on acne. Noah 
and Truswell described the culinary variations across the 
Mediterranean and proposed a regional classification 
of countries into four groups based on these variations. 
Eastern cuisine, which includes Palestine, is character-
ized by high consumption of white flour, rice, eggs, and 
specific varieties of beans, herbs and cocked vegetables 

[72]. Exploring and describing local dietary systems is 
recommended to guide the development of culturally tai-
lored nutrition surveys.

The present study revealed a low prevalence of high 
adherence to the MD among university students in Pales-
tine (21.1%). This is lower than that reported in one local 
study conducted among patients with diabetes (46.2%) 
[73]. Compared to the studies that used the MEDAS tool, 
the prevalence is also lower than that in regional studies 
conducted in countries adopting Levantine cuisine, such 
as Lebanon and Jordan [74, 75], and in countries in the 
northern Mediterranean [76]. The low prevalence in the 
present study may be attributed to the population char-
acteristics of young university students, who might be 
more inclined to adopt a Western-style diet than older 
populations. Indeed, adults older than 45 years in Leba-
non demonstrated greater adherence to the MD than 
younger participants [75]. Some components of the MD, 
such as legumes, fruits, and vegetables, might be unap-
pealing for young adults, especially since globalization 
has encouraged an inclination toward less optimal diets 
and lifestyles [77–80].

In the present study, no association was found between 
acne and the consumption of individual MD compo-
nents, except for vegetables. The impact of fruits and 
vegetables on acne presentation has been controversial 
in the literature. While certain studies have suggested 
that fruits and vegetables may be protective against acne, 
a similar number of studies have reported no associa-
tion [81–85]. Regardless of significance, the majority of 
these studies lacked the longitudinal design necessary for 
establishing a causal relationship. Additionally, no asso-
ciations were found between acne and the intake of fish 
[83, 84], nuts [83], red meat [83, 84, 86], or sweetened 
drinks [84, 87, 88].

Moreover, only family history was associated with acne 
in this study. This finding aligns with the vast majority of 
studies, which have consistently reported an association 
between family history and acne presentation. Heng and 
Chew conducted a meta-analysis and reported a pooled 
odds ratio of 2.91, suggesting that acne presentation is 
associated with parental family history [51]. The genetic 
contribution to acne susceptibility has been investigated 
in multiple studies. Acne hereditability in twin studies 
has been estimated at approximately 80% [81, 89, 90]. 
Additionally, a total of 46 genomic loci associated with 
acne risk have been reported in molecular genetic studies 
[91–93].

This study was the first to investigate the impact of the 
MD on a dermatological disease among a non-European 
population. This study also contributes to the scarce liter-
ature investigating the impact of adherence to the MD on 
acne. However, this study has several limitations. First, 
retrospective, case‒control studies do not guarantee a 

Table 4 Clinical characteristics of the case group
Clinical characteristics Frequency (%)
Location
Forehead 79 (65.3)
Right cheek 76 (55.4)
Left cheek 63 (52.1)
Nose 18 (14.9)
Chin 51 (42.1)
Trunk 32 (26.4)
Duration of acne
Less than one year 41 (33.9)
One to five years 62 (51.2)
Five to ten years 17 (14.0)
More than ten years 1 (0.8)
Family history of acne
Positive family history 88 (72.7)
Paternal family history 12 (9.9)
Sibling family history 76 (62.8)
Negative family history 33 (27.3)
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valid temporal sequence of events. The retrospective 
nature weakens the attribution of acne as an outcome to 
adherence to the MD as an exposure, as the diet effect 
is accumulative and the exact onset of acne cannot be 
ascertained. Second, the exposure data may be inaccu-
rate, as the tool used to assess dietary exposure depends 

on long-term memory. Moreover, the assessment of 
adherence to the MD was not performed by a dietician. 
Primary data collection through face-to-face interviews 
by well-trained people is essential to ensure accurate data 
collection and guide the target population. Furthermore, 
the identification of potential confounders was limited 

Table 5 Relationships between the Mediterranean diet components and acne severity among participants in the case group
Factors Mild acne 

Frequency (%)
Moderate-to-severe acne
Frequency (%)

p value

Adherence to the MD 0.579
Low 74 (81.3) 23 (76.7)
High 17 (18.7) 07 (23.3)
Use of olive oil as main source of fat olive oil 0.880
No 23 (25.3) 8 (6.6)
Yes 68 (74.7) 22 (73.3)
Consumption of olive oil 0.793
<4 tablespoons/day 63 (69.2) 20 (66.7)
≥4 tablespoons/day 28 (30.8) 10 (33.3)
Vegetables 0.459
<2 servings/day 70 (76.9) 25 (83.3)
≥2 servings/day 21 (23.1) 5 (19.2)
Fruits 0.236
<3 servings/day 75 (82.4) 28 (93.3)
≥3 servings/day 16 (17.6) 2 (6.7)
Red or processed meats 0.542
< 1 serving/day 55 (60.4) 20 (66.7)
≥1 serving/day 36 (39.6) 10 (33.3)
Butter, cream, or margarine 0.362
<1 serving/day 80 (87.9) 24 (80.0)
≥1 serving/day 11 (12.1) 6 (20.0)
Sweet or carbonated beverages 0.789
< 1 drink/day 66 (72.5) 21 (70.0)
≥1 drink/day 25 (27.5) 9 (30.0)
Legumes 0.279
< 3 servings/week 60 (65.9) 23 (76.7)
≥3 servings/week 31 (34.1) 7 (23.3)
Fish and seafood
< 3 servings/week 82 (90.1) 28 (93.3) 0.730
≥3 servings/week 9 (9.9) 2 (6.7%)
Commercial sweets 0.882
<2/week 32 (35.2) 11 (36.7)
≥2/week 59 (64.8) 19 (63.3)
Tree nuts 0.576
<3 servings/week 65 (71.4) 23 (76.7)
≥3 servings/week 26 (28.6) 7 (23.3)
Poultry consumption more than red meats 0.542
No 36 (39.6) 10 (33.3)
Yes 55 (60.4) 20 (66.7)
Use of sofrito sauce in a dish 0.195
< 2 servings/week 26 (28.6) 5 (16.7)
≥ 2 servings/week 65 (71.4) 25 (83.3)
*: p value is below the threshold for significance (0.05)

- The chi-squared (χ²) test was used to test for statistical significance

- Abbreviations: MD: Mediterranean diet
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by the lack of consensus on the factors affecting acne 
and the inherent impracticality of accounting for every 
dietary factor in diet research. Finally, information bias 
may have been introduced, as BMI was calculated based 
on self-reported weight and height.

Conclusions
Acne has been linked to Western-style diets with a high 
GI and low dairy consumption. Research has suggested 
that adherence to the MD, as a dietary system with low 
GI and high antioxidant properties, may have a protec-
tive role against acne. This study aimed to explore the 
effect of adherence to the MD on acne incidence. Neither 
adherence to the MD nor adherence to any of its compo-
nents was found to be associated with acne diagnosis or 
severity. Those with acne were more likely to have a posi-
tive 1st -degree family history of acne. More prospective, 
longitudinal research into the impact of adherence to the 
MD on acne is recommended, especially in light of the 
scarcity of related studies and the variations in the meth-
odologies and settings thereof. This is in addition to the 
methodological limitations in confounding and measure-
ment inherent in diet research in general. Comprehen-
sive, detailed and culturally specific definitions of the MD 
should be made available for use to guide research meth-
odology. Additionally, cultural-specific references of food 
portions based on actual intake should be made available 
to further enhance data collection tools.
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