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Abstract

Objective: To investigate the association of vitamin D level and moderate to severe acne as a primary outcome, and its association with
BMI, dairy products, and chocolate consumption.

Methods: A case-control study was conducted in a dermatology outpatient clinic. Patients, diagnosed with moderate to severe acne
vulgaris that warrant treatment with oral antibiotics, and had global acne grading system (GAGS) score of >=19 were eligible to be selected
as cases. Aged matched, with no or mild cases of acne were eligible to be selected as controls. The participant height, weight, BMI, and
serum circulating 25-hydroxyvitamin D level were measured. A modified food frequency questionnaire was used for dietary history.
Results: Comparing Cases (N = 101) and Control (N = 134), the mean of vitamin D level in cases were lower than that in the controls,
however no statistically significant difference is observed. There were statistically insignificant differences between the studied groups
regarding milk (whole, low fat, skimmed and any type of milk), cheese, yogurt, other dairy products, and chocolate consumption. However,
a statistically significant disparity in weight is noted, but not in BMI. ‘
Conclusion: The results did not reveal any statistically significant associations between vitamin D level, BMI, dairy and chocolate
consumption, and moderate to severe acne. However, it is important to note that this does not definitively rule out the possibility of any

potential relationships or effects.
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Introduction

Acne remains the most common inflammatory dermatosis
treated worldwide, as estimated by global skin disease prev-
alence studies." The chronic nature of acne and resultant
scarring contribute to significant physical, social, psycholog-
ical, and economic burden.”* The significant disease burden
resulting from acne and the continuing use of antibiotics sup-
port the need for therapeutic advances.’

Acne vulgaris is an inflammatory disorder of the pilose-
baceous unit, which is comprised of the hair follicle and seba-
ceous gland. The pathogenesis of acne involves a complex
interplay of host factors, such as androgen-mediated stimu-
lation of sebaceous glands, dysbiosis within the microbiome
of the pilosebaceous follicle, and innate and cellular immune
responses, and may be influenced by factors such as genetics
and, possibly, diet.”

Newer evidence that sebocyte activity being controlled
via a range of cellular pathways apart from androgen alone,
dietary influence on acne, emphasizes the complex patho-
genesis of acne. Cutibacterium acnes (C. acnes, formerly
Propionibacterium acnes) is a non-pathogenic resident of the
human skin, as well as mucosal surfaces. However, it also has
been demonstrated that C. acnes plays a pathogenic role in
diseases such as acne vulgaris.”

In addition to its role in calcium and bone homeostasis,
vitamin D contributes to the regulation of many other cellular
functions. Although a large number of epidemiologic studies
indicate that the risks of cancer and infectious, autoimmune,
and cardiovascular diseases are higher when 25-hydroxyvi-
tamin D (25[OH]D) levels are <20 ng/mL (50 nmol/L) and
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that risks decrease with higher 25(0OH)D concentrations.”
Vitamin D may play regulatory roles in the C. acnes-induced
IL-17 response; in an in vitro study, C. acnes-mediated IL-17
induction was inhibited by exposure of peripheral blood mon-
onuclear cells to vitamin D.” Vitamin D activates the innate
immune system, particularly monocytes and macrophages."’

The role of diet in acne vulgaris is an evolving concept.
A contributory effect of milk and high glycemic index diets
has been proposed, but prospective trials are necessary to
clarify the relationship between diet and acne." One review
focuses on dietary and therapeutic interventions and assesses
the effect of various approaches such as improving diet by
avoiding certain food products (i.e., milk and chocolate) or
increasing the intake of others (i.e., food products rich in
omega-3 fatty acids), on the improvement of certain acne vul-
garis severity parameters. These therapeutic approaches, when
combined with allopathic treatment, can improve the patients’
quality of life.””

This study aimed to investigate the association of
vitamin D level and moderate to severe acne as a primary out-
come, the secondary outcomes include the association of BMI,
dairy products, and chocolate consumption and moderate to
severe acne.

Materials & Methods

A case-control study was conducted in the Dermatologic Out-
patient Clinic in Al-Yarmouk Teaching Hospital in Baghdad.
Full evaluation including patients history for identifying
patients with acne, caused or exacerbated by an exposure (eg,
drug-induced acne) or who may need further evaluation for
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associated disease, and physical examination as the diagnosis
is based upon recognition of characteristics lesions (closed
comedones, open comedones, inflammatory papules, inflam-
matory pustules, inflamed nodules) in a characteristic distri-
bution (eg, face chest, shoulders, back, or upper arms) during
skin examination."

Patients aged 12-40 years," diagnosed with moderate to
severe acne vulgaris that warrant treatment with oral antibi-
otics, as judged by the study clinicians; and had global acne
grading system (GAGS) score of >=19 (moderate or worse)'*'*
were eligible to be selected as cases. Aged matched, with no or
mild cases of acne (does not require oral antibiotics and score
<19 GAGS) were eligible to be selected as controls, were iden-
tified between August and November 2023. Score of 1-18 =
mild, 19-30 = moderate, 31-38 = sever, >39 = very sever.

The participants’ heights were measured, with 0.1 cm
accuracy with non-stretchable tape, while body weights were
measured with digital floor scale without shoes and with min-
imum clothing, BMI was calculated by dividing body weight
(in kilogram) by square of stature (height, in meter).'®

A modified food frequency questionnaire (FFQs) was
completed during the interview based on frequency of eating
a serving of dairy products or chocolate per day, week or
month or never eating. The serving size for dairy product
(1 cup equivalent) was 1 cup of milk, yogurt; 1.5 ounces nat-
ural cheese like cheddar cheese (pair of dice) or 2 ounces pro-
cessed cheese (4 tablespoon (Tbsp)) and 1/3 cup shredded
cheese,'” while serving size for chocolate was as chocolate bars
which approximately contain 50 grams of chocolate,' which is
equivalent to 3.3 Tbsp of chocolate spread.

Serum circulating 25-hydroxyvitamin D [25(OH)D]
level, measured by a reliable assay, to evaluate vitamin D status.
Vitamin D sufficiency is defined as a 25(OH)D concentration
>20 ng/mL (50 nmol/L), vitamin D insufficiency is defined
as a 25(OH)D concentration of 12 to <20 ng/mL (30 to 50
nmol/L), vitamin D deficiency is defined as a 25(OH)D level
<12 ng/mL (30 nmol/L), while a “risk” of vitamin D toxicity
is defined as a 25(OH)D level >100 ng/mL (>250 nmol/L)."”

The exclusion criteria were as follows:

1. Individuals who had taken oral isotretinoin and/or
vitamin D supplementation within the past six months.

2. Individuals who had taken oral antibiotics for acne within
the previous month.

3. Individuals who had started, stopped, or changed hor-
monal contraception within the past three months.

4. Individuals on corticosteroid treatment or any medication
that affects vitamin D metabolism (ketoconazole, rifampin,
phenytoin, isoniazid).

5. Individuals suffering from active malignancy or other
chronic systemic diseases.

6. Female Individuals with pregnancy and lactation.

Statistical Analysis

Continuous variables were expressed as means and standard
deviations. Categorical variables were expressed as frequency
and percentages. The Welch’s ¢-test was performed for nor-
mally continuous variables. The difference between categorical
variables was investigated using either the X2 test or Fisher’s
exact test, depending on the context. Spearman’s rank corre-
lation Coefficient was used to study the correlation between
GAS score and vitamin D levels.
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A P-value less than 0.05 was considered statistically
significant. R software packages (dplyr, gt_summery and
ggplot) were used for data processing, visualization, and sta-
tistical analysis (“R version 4.2.2, R Foundation for Statistical
Computing, Vienna, Austria”).

Results

In this case-control study comparing patients with mod-
erate to severe acne (Cases, N = 101) and those with mild or
without acne (Control, N = 134), Table 1 presents a compre-
hensive overview of demographic characteristics. Notably, a
significant difference in age is observed, with cases exhibiting
a mean age of 23.6 + 5.8 years, while controls have a higher
mean age of 27.7 + 4.4 years (P < 0.001). The gender distribu-
tion, though not statistically significant (P = 0.089), reveals a
higher percentage of females among both Cases (92.1%) and
Controls (97.0%). A modest but statistically significant dis-
parity in weight is noted, with Cases having a mean weight
of 63.5 + 13.2 kg, compared to Controls with 67.2 + 11.5 kg
(P = 0.027). Height and BMI differences, while showing
trends, do not reach statistical significance (P = 0.063 and
p = 0.10, respectively).

Table 2 elucidates the comparison between the two study
groups, presenting their vitamin D levels and milk intake pat-
terns. In terms of vitamin D levels, the mean of vitamin D
level in cases (16.3 + 10.2) were lower than that in the con-
trol (18.3 £ 12.1), however no statistically significant differ-
ence is observed (P-value = 0.2). Regarding the difference in
milk consumption between the two study groups, although
44% of controls never drink whole milk compared to 37% of
cases, there is no significant difference in the consumption
of whole milk between the groups (P = 0.6). Similarly, for
low-fat and skimmed milk, no significant disparities are noted
(P =0.9 and P = 0.4, respectively). Same wise, the collective
analysis of any type of milk consumption reveals 35.8% of con-
trols never drink any type of milk compared to 25.7% of cases,
but no significant distinction between cases and controls
(P-value = 0.2).

Table 3 presents a comparison of other dairy product
consumption between the case and control groups. For cheese
consumption, no statistically significant difference is observed
between the groups (P = 0.6). Most participants report weekly
servings, with Cases at 44.6% and Controls at 50.7%, high-
lighting a consistent dietary pattern. Similarly, the analysis
of other dairy products, including serving/month, serving/
week, and serving/day, reveals no significant disparities

Table 1. Description of patient’s demographics

Characteristic  Case (N=101)" Control (N=134)" P-value?
Age 236+58 277 +44 <0.001
Gender 0.089
Female 93 (92.1%) 130 (97.0%)

Male 8 (7.9%) 4(3.0%)

Weight 63.5+132 67.2+115 0.027
Height 1.6 +0.1 1.6 +0.1 0.063
BMI 248 +47 258+45 0.10

'Mean + SD; n (%); 2Welch Two Sample t-test; Pearson’s Chi-squared
test.
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Table 2. Comparison between the two study groups
regarding their vitamin D levels and milk intake

Table 3. Comparison of other dairy products consumption
between the two study groups

Characteristic Case (N=101)" Control (N=134)' P-value? Characteristic Case (N=101)" Control (N=134)' P-value’
Vitamin D 163£10.2 183+ 121 0.2 Cheese 0.6
Whole milk 0.6 Never 10 (9.9%) 11(8.2%)

Never 37 (36.6%) 59 (44.0%) Serving/Month 19 (18.8%) 28 (20.9%)
Serving/Month 36 (35.6%) 46 (34.3%) Serving/\Week 45 (44.6%) 68 (50.7%)
Serving/Week 21 (20.8%) 20 (14.9%) Serving/Day 27 (26.7%) 27 (20.1%)

Serving/Day 7 (6.9%) 9 (6.7%) Yogurt 0.2
Low fat milk 09 Never 8 (7.9%) 15 (11.2%)

Never 71(70.3%) 89 (66.4%) Serving/Month 32 (31.7%) 30 (22.4%)
Serving/Month 25 (24.8%) 35 (26.1%) Serving/Week 47 (46.5%) 61 (45.5%)
Serving/Week 5 (5.0%) 9 (6.7%) Serving/Day 14 (13.9%) 28 (20.9%)

Serving/Day 0(0.0%) 1(0.7%) Other dairy 0.7
Skimmed milk 04 product

Never 85 (84.29%) 106 (79.19%) Never 33 (32.7%) 38 (28.4%)
Serving/Month 12 (11.9%) 18 (13.4%) Serving/Month 54 (53.5%) 76 (56.7%)
Serving/Week 4 (4.0%) 6 (4.5%) Serving/\Week 12 (11.9%) 14 (10.4%)

Serving/Day 0(0.0%) 4 (3.0%) Serving/Day 2 (2.0%) 6 (4.5%)

Any type of milk 0 Any dairy product 09
Never 26 (25.7%) 48 (35.8%) Never 1(1.0%) 322%)
Serving/Month 41 (40.6%) 47 (35.1%) St Ieeks 12 @05
Serving/Week 27 (26.7%) 26 (19.4%) Serving/Week 49 (48.5%) 66 (49.3%)

Serving/Day 7 (6.9%) 13 (9.7%) Serving/Day 40 (39.6%) 53 (39.6%)

'Mean =+ SD; n (%); *Welch Two Sample t-test; Pearson’s Chi-squared
test; Fisher’s exact test.

between Cases and Controls (P = 0.7). The examination of any
dairy product consumption yields no statistical significance
between the groups (P = 0.9). The analysis of yogurt consump-
tion demonstrates no significant difference (P = 0.2). Cases
reported majorly weekly consumption (46.5%), same with
Controls having more prevalent weekly (45.5%) yogurt intake.

Table 4 delves into the comparison of chocolate consump-
tion between the case and control groups in the study cohort.
The analysis reveals no statistically significant difference in
chocolate consumption patterns (P = 0.4). Weekly chocolate
servings are reported by 33.7% of Cases and 40.3% of Con-
trols, indicating a relatively common dietary habit across both
groups. Similarly, monthly chocolate servings show compa-
rable proportions, with 36.6% for Cases and 34.3% for Con-
trols. Daily chocolate consumption is reported by 20.8% of
Cases and 13.4% of Controls, suggesting a modest disparity
in frequency. Notably, a small percentage in both groups,
8.9% of Cases and 11.9% of Controls, report never consuming
chocolate.

Figure 1 presents a scatter plot illustrating the correlation
between vitamin D levels and the Global Acne Severity (GAS)
score, incorporating data from both the case and control
groups. The calculated correlation coefficient (R) of -0.1 sug-
gests a weak negative correlation, implying that as vitamin D
levels decrease, there may be a slight tendency for the GAS
score to be higher. However, the association is not statistically
significant with a p-value of 0.12.
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'n (%); *Pearson’s Chi-squared test; Fisher's exact test.

Table 4. Comparison of chocolate consumption between the
two study groups

Characteristic Case (N=101)" Control (N=134)" P-value’
Chocolate 04
Never 9 (8.9%) 16 (11.9%)

Serving/Month 37 (36.6%) 46 (34.3%)

Serving/Week 34 (33.7%) 54 (40.3%)

Serving/Day 21 (20.8%) 18 (13.4%)

'n (%); *Pearson’s Chi-squared test.

Discussion

This study aimed to assess the association between vitamin D
levels, dairy products, chocolate consumption and BMI with
moderate to severe acne vulgaris. In terms of vitamin D levels,
mean level of vitamin D in cases (16.3 = 10.2) were lower
than that in the control (18.3 + 12.1), however no statisti-
cally significant difference is observed. While the calculated
correlation coefficient (R) of 0.1 suggests a weak negative
correlation, implying that as vitamin D levels decrease, there
may be a slight tendency for the GAS score to be higher. How-
ever, the association is not statistically significant. Both means
below sufficient level of vitamin D (<20 ng/mL), which may
be due to the high prevalence of serum vitamin D deficiency
in Iraq,” as the vitamin D deficiency occurs mainly in the
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Fig. 1 Scatter plot showing the correlation between
vitamin D levels and the GAS score.

Middle East.”' Similar findings were reported in a case-control
study by Hasamoh et al., who found no significant association
between vitamin D levels and the severity of acne vulgaris,
which was conducted in Saudi Arabia.**

In contrast to our finding a systemic review included
10 studies found that all studies (8 of 10) revealed lower
serum 25-hydroxy vitamin D levels as the acne severity pro-
gresses, although 2 of them were not statistically significant.”
A small sample size case control study (33 cases and 25 controls
receiving vitamin D supplement) in Iraq found that vitamin D
deficiency was more frequent in patients with acne, which was
inversely related with disease severity, however patient in con-
trol group had receive vitamin D supplementation.” Another
case control study showed vitamin D deficiency is evident in
acne vulgaris patients and a statistically significant association
with the severity of acne lesions, that included 162 unmarried
females only, of 12-30 years of age and Vitamin D levels were
sorted as adequate (>30 ng/ml), while in this study the age
group was 12-40 years and vitamin D was sorted as sufficient
(=20 ng/ml).

Regarding the difference in milk consumption between
the two study groups, although 44% of the control group never
drink whole milk compared to 37% of cases, similarly the col-
lective analysis of any type of milk consumption reveals 35.8%
of controls never drink any type of milk compared to 25.7%
of cases but both findings were not significant. Same wise, for
low-fat and skimmed milk, no significant disparities are noted.
While the literature on whether dairy product intake is asso-
ciated with acnegenesis is mixed and may be dependent on
sex, ethnicity, and cultural dietary habits. Increased dairy con-
sumption may have been proacnegenic in select populations,
such as those in which a Western diet is prevalent.”” In Iraq the
average share of fast food (mostly western food) expenditure
to total mainly homemade expenditure is 29.59%.*

In contrast to our findings, Norwegian longitudinal study
found that high intakes (=2 glasses per day) of full-fat dairy
products were associated with moderate to severe acne, in
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adolescent boys, while a high total intake of dairy products
was associated with acne in girls; in this study high intake was
defined as > 1 glass per day, they also found that no signifi-
cant associations were found between acne and intake of semi-
skimmed or skimmed dairy products, and not with moderate
intakes of any fat variety of dairy products,” which is con-
sistent with our findings.

Aalemi et al. found that the risk of developing moderate
to sever acne after frequent consumption of whole milk was
increased in those with a family history of acne in siblings and
reduced in subjects doing physical exercise.”

For cheese and yogurt consumption, no statistically sig-
nificant difference is observed between the groups. Which is
consistent with Aghasi et al. meta-analysis that found no sig-
nificant association between yogurt/cheese and acne develop-
ment,” and another case control study.”

The examination of any dairy product consumption
yields no statistical significance between the groups, which
agreed with another case control study.”® A systematic review
and meta-analysis found that any dairy, such as milk, yogurt,
and cheese, was associated with an increased OR for acne in
individuals aged 7-30 years. However, results were affected
by heterogeneity and bias across studies.”” While case control
study found that dairy intake was significantly higher among
non-acne patients than those with acne.*

Daily chocolate consumption is reported in 20.8% of
cases compared to only 13.4% of controls, however the anal-
ysis reveals no statistically significant difference in chocolate
consumption patterns. studies on the exacerbation of acne as
a result of chocolate consumption remain controversial due
to the additives found in it, such as fat and sugar.”’ Cocoa
percentage might also be an influential factor, as it has been
observed that dark chocolate has fewer comedogenic effects
given it’s antioxidant properties.’” In a population of Polish
male adolescents, the most prominent influencing factors was
non-chocolate confectionary and had a proacnegenic effect.”
While a case control study found that consumption of choco-
late was positively associated with acne.”

A modest but statistically significant disparity in weight is
noted, with Cases having a mean weight of 63.5 + 13.2 kg, com-
pared to Controls with 67.2 + 11.5 kg, which is consistent with
Bajelan et al study.”” BMI differences, while showing trends,
do not reach statistical significance. A mini review stated
that Regarding body mass index (BMI) and acne severity,
there are many controversies based on different geographic
populations as well as age and gender related categories.’
A cross-sectional study was conducted among 143 adolescents
aged between 12 and 18 found that the prevalence of acne did
not differ significantly between teenagers with different BMI.
However, those who were overweight or obese suffer from the
inflammatory type of acne more often compared with others.”
Another study found that there were statistically significant
differences in body mass index between Control and Patients
(23.55 kg/m? versus 26.74 kg/m?), respectively.**

The national institute for health and care excellence
(NICE) guidelines on management of acne vulgaris recom-
mend advising people that there is not enough evidence to
support specific diets for treating acne as the limited evidence
of benefit did not outweigh the risk. However, the committee
thought that it is generally useful to promote a healthy bal-
anced diet, so they added a recommendation linking to Public
Health England’s advice about this topic.”
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Study Limitation

Dietary history in the study was self-reported and subjected
to recall bias. Due to the nature of the study design used, this
study was only able to determine the association, but not
the cause and effect of diet on acne vulgaris. The amount of
cocoa in chocolate was not determined in this study. Other
confounding factors such as stress, inadequate sleep, smoking,
family history and facial hygiene care should also been taken
into account in future studies.

Conclusion

The results of this case-control study did not reveal any
statistically significant associations between vitamin D
level, BMI, dairy consumption, chocolate consumption,
and the presence of moderate to severe acne vulgaris
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except for weight. However, it is important to note that
this does not definitively rule out the possibility of any
potential relationships or effects. Further research with
larger sample sizes and more diverse populations may be
necessary to explore these factors in greater detail and
determine if there are any significant associations that
were not captured in this study.
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