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Association Between Adult Acne and Dietary Behaviors
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IMPORTANCE Acne is a chronic, multifactorial inflammatory disease. The association between
consumption of dairy products and fatty and sugary foods and occurrence and progression of

acne remains unclear.
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OBJECTIVE To assess the association between dietary behavior and current acne in adults.

DESIGN, SETTING, AND PARTICIPANTS A cross-sectional study was performed as part of the
NutriNet-Santé study, which is an ongoing observational, web-based cohort study that was
launched in France in May 2009. The present study was conducted from November 14, 2018,
to July 8, 2019. A total of 24 452 participants completed an online self-questionnaire to
categorize their acne status: never acne, past acne, or current acne. Associations between
dietary behavior (food intake, nutrient intake, and the dietary pattern derived from a principal
component analysis) and current or past acne were studied in multinomial logistic regression
models adjusted for potential confounding variables (age, sex, physical activity, smoking
status, educational level, daily energy intake, number of dietary records completed, and

depressive symptoms).

RESULTS The 24 452 participants (mean [SD] age, 57 [14] years; 18 327 women [75%])
completed at least 3 dietary records. Of these, 11324 individuals (46%) reported past or
current acne. After adjustment, there was a significant association between current acne
and the consumption of fatty and sugary products (adjusted odds ratio [aOR], 1.54; 95% Cl,
1.09-2.16), sugary beverages (aOR, 1.18; 95% Cl, 1.01-1.38), and milk (aOR, 1.12; 95% Cl,

1.00-1.25). An energy-dense dietary pattern (high consumption of fatty and sugary products)

was associated with current acne (aOR, 1.13; 95% Cl, 1.05-1.18).

CONCLUSIONS AND RELEVANCE In this study, consumption of milk, sugary beverages, and
fatty and sugary products appeared to be associated with current acne in adults. Further
large-scale studies are warranted to investigate more closely the associations between diet

and adult acne.
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cne has been reported to be the most common

chronic inflammatory skin disease worldwide,!"

occurring mostly in the 15- to 17-year age group.*®
Epidemiologic data from Western countries suggest
that the prevalence of acne in adults older than 25 years
is approximately 50%, with female predominance.”° In this
so-called adult acne group, there are 2 distinct populations:
patients who developed acne during adolescence and have
persistent acne and those who developed de novo acne dur-
ing adulthood.

Adult acne has various consequences; one of these is psy-
chological harm associated with low self-esteem, poor per-
ception of one’s body, social isolation, and depressive
symptoms.'!? Acne is reported to have the same emotional,
social, and psychological consequences as chronic diseases,
such as asthma, arthrosis, epilepsy, and diabetes.!*
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Acne appears to be a multifactorial disease in which both
genetic and environmental factors have pivotal roles. Endo-
crine disorders and genetic predispositions can lead to the de-
velopment of acne; in addition, cosmetic products, tobacco use,
stress, exposure to pollution, and dietary behavior may be
associated with the development and severity of acne.!*1°

People with acne have been reported to believe that con-
sumption of foods affects their condition. Although choco-
late, fatty foods, and milk are frequently thought to be
responsible,2°-?! data on the role of nutrition in acne are scarce.
It has been hypothesized that a glycemic diet?>?* or the con-
sumption of dairy products (particularly milk)?422 is associ-
ated with the pathophysiologic mechanism of acne via andro-
gens and insulinlike growth factor-1 (IGF-1).2°-32 However,
published studies presented several limitations. Random-
ized trials could not investigate multiple food exposition
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within the same time period and might be limited by a small
population sample.?2:33:34 Observational studies frequently
focus on teenage acne?*3> and are based on frequency
questionnaires!”-24:3> for previous food exposure, which lead
tobothalack of precision in food records and a recall bias with-
out taking into account various potential confounding fac-
tors, such as depression, energy intake (kilocalories per joule),
and smoking.23-24:36

Thus, the objective of the present study was to assess the
association between dietary behavior and current acne using
a large cohort of French adults with accurate and timely
dietary intake data.

Methods

Study Population and Design

The present study was performed as part of the NutriNet-
Santé study. This ongoing, observational, web-based cohort
study of adults was initiated in France in May 2009. Partici-
pants are extensively phenotyped via questionnaires on the
dedicated NutriNet-Santé website (https://www.etude-
nutrinet-sante.fr/). Details of the NutriNet-Santé study’s
rationale, design, and procedures have been published
elsewhere®” (eMethods in the Supplement). The NutriNet-
Santé study is conducted according to the tenets of the
Declaration of Helsinki.?® It was approved by the French
Institute for Health and Medical Research’s institutional review
board; the present study is included in that approval.
All participants provided electronic informed consent;
data are deidentified. Participants do not receive financial
compensation. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline for cross-sectional studies.>®

Case Ascertainment and Data Collection

A specific, optional questionnaire on acne was developed for
the purposes of the present study and was distributed to
NutriNet-Santé participants on November 14, 2018 (eTable 1
in the Supplement). The present study was conducted from
November 14, 2018, to July 8, 2019. The questionnaire com-
prised 11items related to the occurrence and diagnosis of acne
and the participant’s medical history; this information en-
abled us to determine whether the participant reportedly had
acne at the present time and/or in the past. All participants
who answered the questionnaire were eligible for the study.
Each participant’s acne status was classified as never acne, past
acne (ie, acne at some time in their life but not at present), or
current acne.

The participants’ usual dietary intake was assessed at base-
line and every 6 months after enrollment via a series of 3 non-
consecutive, validated, 24-hour dietary records*®*2 ran-
domly assigned over a 2-week period (on 2 weekdays and
1 weekend day). In these records, participants were in-
structed toreport all foods and beverages consumed from mid-
night to midnight. Participants estimated portion sizes from
validated photographs,*® using standard containers, or di-
rectly in grams or liters. Participants who provided at least
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Key Points

Question Is dietary behavior associated with acne in adults?

Findings In this cross-sectional study of 24 452 participants in the
French NutriNet-Santé study, the consumption of fatty and sugary
products, sugary beverages, and milk was associated with current
acne in adults. This association was noted after adjustment for
sociodemographic variables and confounding factors, including
daily energy intake, the number of dietary records completed, and
depressive symptoms.

Meaning These findings suggest that a Western diet (ie, rich in
animal products and fatty and sugary foods) is associated with the
presence of acne in adults.

3 dietary records were included in this study. More details about
dietary records are shown in the eFigure in the Supplement.

For each participant, we calculated the mean intakes
across all dietary records of each food group (in grams per
day: fruit, vegetables, meat, fish, milk, dark chocolate, milk
chocolate, refined cereals, snacks and fast foods, and fatty
and sugary products) and each type of nutrient (in milli-
grams or grams per day: vitamins, zinc, fibers, carbohy-
drates, lipids, proteins, and saturated fatty acids) using the
published NutriNet-Santé food composition database.>” The
latter database currently comprises nutritional values (eg,
energy, alcohol, macronutrient, and micronutrient contents)
for more than 3500 food items.

At baseline, participants were invited to complete ques-
tionnaires related to sociodemographic characteristics (eg, sex
and educational level),** anthropometric data (eg, weight and
height),*>4 lifestyle (eg, smoking status and alcohol use),
physical activity (assessed using the International Physical
Activity Questionnaire),*” health status (eg, any history and
diagnosis of cardiovascular diseases, diabetes, and cancer),
and, for women, reproductive health (age at menarche, preg-
nancy, and menopause). Depressive symptoms were as-
sessed using the Center for Epidemiologic Studies Depres-
sion Scale; a score greater than or equal to 16 corresponds to
the presence of depressive symptoms.

Statistical Analysis
Qualitative variables are reported as the number (percentage)
of participants. Food consumption and nutrient intakes were
considered as continuous variables. In light of the literature
results, we chose to assess 12 different food groups: fruit, veg-
etables, meats, fish, milk, sugary beverages, dark chocolate,
milk chocolate, refined cereals, snacks and fast foods, fatty and
sugary products, and delicatessen meats.'”-29-24-48 The follow-
ing variables were considered in classes: age (in 4 classes); body
mass index (BMI), calculated as weight in kilograms divided
by height in meters squared (3 classes); educational status
(3 classes); smoking status (3 classes); physical activity
(3 classes); sex (male or female); and medical history (pres-
ence or absence).

The characteristics of participants in the current acne and
past acne vs never acne groups were compared using an unad-
justed x? test for qualitative variables or the Kruskal-Wallis test
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for quantitative variables. The strength of correlations between
pairs of food intakes was determined by calculating Pearson co-
efficient r values; food intakes with 7<0.80 were included in a
multinomial analysis. Multinomial logistic regressions were per-
formed to assess the association between food intakes and past
(lifetime) acne or current adult acne; the results are expressed
as the adjusted odds ratio (aOR) (95% CI) vs never acne. After
using a backward selection, the regressions were adjusted for en-
ergy intake, the number of dietary records completed, sex, age,
smoking status, physical activity, educational level, and depres-
sive symptoms. Adjustments for BMI and a history of cardiovas-
cular disease, cancer, type 1 diabetes, or type 2 diabetes were also
tested. The same analyses (univariate analyses, Pearson test, and
adjusted multinomial logistic regressions) were performed for
the various types of nutrients.

Furthermore, because this was a post hoc analysis, dietary
patterns were produced from principal components analysis
based on 12 predefined food groups (fruit, vegetables, meat, fish,
milk, sugary beverages, dark chocolate, milk chocolate, delica-
tessen meats, refined cereals, snacks and fast foods, and fatty and
sugary products) using the SAS Proc Factor procedure (SAS
Institute Inc). This factor analysis forms linear combinations of
the original food groups, thereby grouping correlated variables.
Coefficients defining these linear combinations are termed
factor loadings. A positive factor loading means that the food
group is positively associated with the factor, whereas a nega-
tive loading reflects an inverse association with the factor. For
interpreting the data, we considered foods with a loading coef-
ficient lower than -0.3 or higher than 0.3. We rotated factors by
orthogonal transformation, using the SAS Varimax option to
maximize the independence (orthogonality) of retained factors
and obtain a simpler structure for easier interpretation. In deter-
mining the number of factors to retain, we considered eigenval-
ues greater than 1, the scree test (with values being retained at
the break point between components with large eigenvalues and
those with small eigenvalues on the scree plot), and the interpret-
ability of the factors. For each participant, we calculated the fac-
tor score for each pattern by summing the reported consump-
tion from all food groups weighted by the food group factorload-
ings. The factor score measures the conformity of an individual’s
diet to the given pattern. In addition, the dietary patterns noted
ina principal component analysis were assessed in univariate and
adjusted multinomial logistic analyses. Owing to a small num-
ber of missing values, we used complete-case analyses.

To limit the influence of hormonal factors linked to acne, we
analyzed the subpopulation of women. In addition to the factors
considered for the total population, multinomial analyses in wom-
en were adjusted for age at menarche, pregnancy, and menopause.

The threshold for statistical significance was setat P < .05.
All analyses were performed with SAS Enterprise Guide soft-
ware, version 7.1 (SAS Institute Inc).

|
Results

Study Population
Of the 31539 individuals who completed the questionnaire,
24 452 (78%) were included in the study because they had
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(1) completed at least 3 dietary records, (2) reported a normal
calorie intake, and (3) reported their acne status (items 1 and
8 from the acne questionnaire reported in eTable 1 in the
Supplement). The study population included 18 327 women
(75%), and the mean (SD) age was 57 (14) years. A total of 11324
individuals (46%) indicated that they had acne at the time
of the study or in the past; of these, 3576 individuals (32%)
believed that diet was a factor in their acne, 3503 individuals
(31%) believed that diet was not a factor in their acne, and 4195
individuals (37%) were unsure of whether diet was a factor.
Data on comorbidities are summarized in Table 1, and data on
the diagnosis of acne, age at onset, age at resolution, and treat-
ments are summarized in eTable 2 in the Supplement.

There were 13128 participants (54%) in the never acne
group, 9562 participants (39%) in the past acne group, and 1762
participants (7%) in the current acne group. Compared with
the never acne and past acne groups, participants in the cur-
rent acne group were younger (eg, 25-39 years: never, 9%; past,
17%; and current, 48%); had a higher educational level (never,
60%; past, 72%; and current, 78%); had a higher proportion
of smokers (never, 12%; past, 12%; and current, 16%); had a
lower level of physical activity (never, 20%; past, 23%; and cur-
rent, 27%); had a lower BMI (<25: never, 66%; past, 70%; and
current, 75%); had a lower frequency of cardiovascular dis-
ease (never, 18%; past, 14%; and current, 9%), type 2 diabetes
(never, 2%; past, 1%; and current, 0.4%), and cancer (never,
7%; past, 6%; and current, 2%); and had a higher frequency
of depressive symptoms (never, 16%; past, 17%; and current,
23%) (Table 1).

The Role of Diet

The results of the unadjusted and multiadjusted analyses of
associations between food intakes and the presence of acne
are summarized in Table 2. Unadjusted univariate analyses
showed that, compared with participants in the never acne
group, participants with current acne consumed signifi-
cantly more milk (OR, 1.28; 95% CI, 1.18-1.39), sugary bever-
ages (OR, 2.19; 95% CI, 1.94-2.48), milk chocolate (OR, 1.28;
95% CI, 1.19-1.38), snacks and fast foods (OR, 3.83; 95% CI, 3.34-
4.40), and fatty and sugary products (OR, 4.35; 95% CI, 3.50-
5.41) and significantly less meat (OR, 0.39; 95% CI, 0.31-
0.48), fish (OR, 0.17; 95% CI, 0.13-0.23), vegetables (OR, 0.71;
95% CI, 0.66-0.76), fruit (OR, 0.71; 95% CI, 0.67-0.74), and dark
chocolate (OR, 0.90; 95% CI, 0.84-0.96). After testing the cor-
relation between the different pairs of foods, all food groups
were included (r<0.4).

After adjustment, the consumption of milk (per glass, aOR,
1.12; 95% CI, 1.00-1.25; P = .04), sugary beverages (per glass,
aOR, 1.18; 95% CI, 1.01-1.38; P = .04), and fatty and sugary prod-
ucts (per portion, aOR, 1.54; 95% CI, 1.09-2.16; P = .01) were
found to be independently associated with current acne. Re-
sults were aOR, 1.76 (95% CI, 1.00-3.05) for 5 glasses of milk
(1L); aOR, 2.29 (95% CI, 1.05-5.00) for 5 glasses of sugary bev-
erages (1L), and aOR, 8.38 (95% CI, 1.54-47.02) for a complete
meal of fatty and sugary products.

The results for nutrient levels were in agreement with the
above findings. After adjustment, the carbohydrate intake
(aOR, 1.43; 95% CI, 1.06-1.93; P = .02) and the saturated fatty
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Table 1. Characteristics of the Study Population

No. (%)
Total Acne status Missing
Variable population Never Past Current P value® values
No. (%) 24452 13128 (54) 9562 (39) 1762 (7)
Sex 0
Women 18327 (75) 9426 (72) 7348 (77) 1553 (88)
Men 6125 (25) 3702 (28) 2214 (23) 209 (12) <001
Age,y 65 (0.3)
18- 24 85 (0) 28 (0) 31 (0) 26 (1)
25-39 3607 (15) 1192 (9) 1577 (17) 838 (48)
40-54 6081 (25) 2484 (19) 2972 (31) 625 (36) <001
255 14614 (60) 9367 (72) 4975 (52) 272 (15)
Educational level 158 (1)
Primary 4502 (18) 3111 (24) 1274 (13) 117 (7)
Secondary 3590 (15) 1985 (15) 1337 (14) 268 (15) <.001
Higher 16 202 (66) 7935 (60) 6901 (72) 1366 (78)
Smoking status 66 (0.3)
Smoker 2882 (12) 1506 (12) 1095 (12) 281 (16)
Former smoker 8959 (37) 5268 (40) 3264 (34) 427 (24) <.001
Never smoker 12545 (51) 6323 (48) 5175 (54) 1047 (59)
Physical activity 36(0.2)
High intensity 8623 (35) 5209 (40) 3004 (31) 410(23)
Moderate intensity 10522 (43) 5340 (41) 4314 (45) 868 (49) .001
Low intensity 5271 (22) 2559 (20) 2232 (23) 480 (27)
BMI® 29(0.1)
<25 16 777 (69) 8722 (66) 6736 (70) 1319 (75)
25-30 5662 (23) 3260 (25) 2092 (22) 310(18) <.001
>30 1984 (8) 1129 (9) 723 (8) 132 (7)
Medical history
Depressive symptoms 4038 (17) 2036 (16) 1596 (17) 406 (23) <.001 3786 (15)
Cancer 1558 (6) 976 (7) 570 (6) 12 (0.7) <.001 0
Cardiovascular disease 3823 (16) 2371 (18) 1286 (14) 166 (9) <.001 0
Type 1 diabetes 48 (0) 30(0.2) 15(0.2) 3(0.2) 47 0
Type 2 diabetes 370(2) 246 (2) 117 (1) 7 (0.4) <.001 0

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared).

2 P values were determined using a x> test.

®Not overweight, less than 25; overweight, 25 to 30; and obese, greater
than 30.

acid intake (aOR, 3.90; 95% CI, 1.02-15.00; P = .048) were found
to be independently associated with current acne (Table 3).

Principal Component Analysis

Three principal components (interpreted as dietary patterns)
accounted for 42% of the total variability. Labeling was de-
scriptive based on foods with the greatest association with the
dietary patterns. The healthy pattern (explaining 18% of the
variance) was characterized by higher intakes of fruit, veg-
etables, and fish. The fatty and sugary pattern (explaining 13%
of the variance) was characterized by higher intakes of fat and
sugary products, including chocolate. The third pattern, which
explained 11% of the variance, was referred to as animal prod-
ucts and refined cereals in view of the marked consumption
of meat, milk, and refined cereals.

JAMA Dermatology Published online June 10,2020

In an unadjusted analysis, the healthy and animal prod-
ucts and refined cereals dietary patterns were negatively as-
sociated with current acne (healthy: OR, 0.55; 95% CI, 0.52-
0.57; P < .001; animal products and refined cereals: OR, 0.92;
95% CI, 0.88-0.97; P = .002), whereas the fatty and sugary di-
etary pattern was positively associated (OR, 1.25; 95% CI, 1.20-
1.30; P<.001) (eTable 3 in the Supplement). After adjustment,
adults with current acne were found to be less likely to have a
healthy dietary pattern (aOR, 0.88; 95% CI, 0.83-0.94; P = .001)
and more likely to have a fatty and sugary dietary pattern (aOR,
1.13; 95% CI, 1.05-1.18; P < .001) (Table 4).

Further Analyses
All18 327 women in the study population were included in the
subgroup analyses. The results appeared to support those of
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Table 2. Univariate and Multivariate Analyses of Food Intake in the Study Population

Univariate analysis vs never acne® Multivariate analyses vs never acne®
Past acne Current acne Past acne Current acne

Food type® OR (95% Cl) P value OR (95% Cl) Pvalue a0R (95% Cl) Pvalue?  aOR (95% Cl) P value

No. of participants (%) 9562 (39) 1762 (7) 7983 (39) 1361 (7)

Meat (portions/d) 0.74 <.001 0.39 <.001 0.93 .29 0.76 .05
(0.67-0.82) (0.31-0.48) (0.82-1.06) (0.58-1.00)

Fish (portions/d) 0.65 <.001 0.17 <.001 0.94 .40 0.94 .69
(0.58-0.73) (0.13-0.23) (0.82-1.08) (0.68-1.29)

Vegetables (portions/d) 0.98 .18 0.71 <.001 1.04 .048 0.94 17
(0.95-1.01) (0.66-0.76) (1.00-1.08) (0.87-1.03)

Fruit (portions/d) 0.94 <.001 0.71 <.001 0.98 .19 0.97 .32
(0.92-0.96) (0.67-0.74) (0.96-1.01) (0.91-1.03)

Milk (glasses/d) 1.08 .001 1.28 <.001 1.02 .54 1.12 .04
(1.03-1.14) (1.18-1.39) (0.96-1.08) (1.00-1.25)

Sugary beverages (glasses/d) 1.36 <.001 2.19 <.001 0.94 24 1.18 .04
(1.23-1.49) (1.94-2.48) (0.84-1.05) (1.01-1.38)

Dark chocolate (chunks/d) 1.02 .26 0.90 .002 1.01 72 1.06 11
(0.99-1.05) (0.84-0.96) (0.97-1.05) (0.99-1.15)

Milk chocolate (chunks/d) 1.21 <.001 1.28 <.001 1.05 .09 0.99 .83
(1.15-1.27) (1.19-1.38) (0.99-1.12) (0.88-1.11)

Snacks and fast foods (portions/d) 1.85 <.001 3.83 <.001 1.17 .01 1.16 17
(1.69-2.03) (3.34-4.40) (1.04-1.33) (0.94-1.43)

Fatty and sugary products 2.02 <.001 4.35 <.001 1.14 .20 1.54 .01

(portions/d) (1.75-2.34) (3.50-5.41) (0.93-1.39) (1.09-2.16)

Refined cereals (portions/d) 1.05 .01 1.02 .62 1.02 .53 1.04 .52
(1.01-1.09) (0.95-1.10) (0.97-1.07) (0.93-1.16)

Delicatessen meats (slices/d)® 0.96 21 0.91 13 NA NA
(0.90-1.02) (0.80-1.03)

Abbreviations: aOR, adjusted odds ratio; NA, not applicable. from the overall population.

2 One portion of meat, fish, fruit, vegetables, snacks and fast foods, fatty and 9P values were determined in a multinomial logistic regression after adjustment
sugary products, and refined cereals: 100 g; 1 glass of milk or sugary beverage: for total calorie intake, the number of dietary records completed, sex, age,
200 mL; 1chunk of chocolate: 7 g; and 15slice of delicatessen meat: 40 g. smoking status, physical activity, educational level, body mass index, and

bTotal of 13128 never acne participants (54%). history of cancer, diabetes, cardiovascular disease, or depressive symptoms.

< Total of 11068 never acne participants (54%). Data are missing for some ¢ Delicatessen meat consumption showed no association in univariate analysis;
variables used in adjustment; therefore, the sample number (20 412) differed therefore, we did not include it in the multivariate model.

Table 3. Multivariate Analyses of Nutrient Intakes in the Study Population Using a Multinomial Logistic Regression

Multivariate analysis vs never acne®

Past acne Current acne

Nutrient type® aOR (95% CI) P value© aOR (95% ClI) P value©

Proteins 0.78 (0.58-1.06) 12 0.68 (0.35-1.31) .25

Carbohydrates 1.09 (0.95-1.25) 22 1.43(1.06-1.93) .02

Saturated fatty acids 1.26 (0.67-2.35) 47 3.90(1.02-15.00) .048

Fibers 1.14 (0.60-2.17) .68 0.31(0.08-1.20) .09

Vitamin By,, Hg 1.00 (0.99-1.01) .79 1.00(0.97-1.03) .87

Vitamin D, mg 1.01 (0.98-1.03) .64 1.05(0.99-1.10) .08
Abbreviation: aOR, adjusted odds ratio. differed from the overall population.
2 Values based on intakes of 100 g/d. ¢ Pvalues were determined in a multivariate logistic regression after adjustment
b Analysis included 11 068 never acne participants (54%), 7983 past acne for total calorie intake, the number of dietary records completed, sex, age,

participants (39%), and 1361 current acne participants (7%). Data are missing smoking status, physical activity, educational level, body mass index, and

for some variables used in adjustment; therefore, the sample number (20 412) history of cancer, diabetes, cardiovascular disease, or depressive symptoms.

the main analyses (eTable 4 in the Supplement). After adjust- ment for BMI and a history of cancer, types 1 and 2 diabetes,
ment, a regression analysis of the dietary patterns from the or cardiovascular disease.

principal component analysis showed that the healthy pat-
tern was negatively associated with current adult acne in
women (aOR, 0.87; 95% CI, 0.80-0.94; P < .001), whereas the
fatty and sugary pattern was positively associated (aOR, 1.12;
95% CI, 1.04-1.21; P = .003) (Table 5). The results of the pri- The results of this study suggest an association between cur-
mary and secondary analyses were the same after adjust- rentacne and, after adjustment for confounding variables, the

|
Discussion
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Table 4. Multivariate Analyses of Dietary Patterns From a Principal Component Analysis of the Study Population

Using a Multinomial Logistic Regression

Multivariate analyses vs never acne®

Past acne Current acne
Dietary pattern® aOR (95% Cl) P value© aOR (95% Cl) P value©
Healthy 0.98 (0.94-1.01) 17 0.88 (0.83-0.94) .001
Fatty and sugary 1.05(1.01-1.08) .006 1.13(1.05-1.18) <.001
Animal products and refined cereals 0.98 (0.95-1.01) 24 0.99 (0.92-1.07) .87

Abbreviation: aOR, adjusted odds ratio.

2 Healthy indicates frequent consumption of fruit, vegetables, and fish; fatty
and sugary, frequent consumption of fatty and sugary products, including
chocolate; and animal products and refined cereals, frequent consumption of
animal products (eg, meat and milk) and refined cereals.

b Analysis included 11068 never acne participants (54%), 7983 past acne
participants (39%), and 1361 current acne participants (7%). Data are missing

for some variables used in adjustment; therefore, the sample number (20 412)
differed from the overall population.

€ Pvalues were determined in a multivariate logistic regression after adjustment
for total calorie intake, the number of dietary records completed, sex, age,
smoking status, physical activity, educational level, body mass index, and
history of cancer, diabetes, cardiovascular disease, or depressive symptoms.

Table 5. Multivariate Analyses of Dietary Pattern From a Principal Component Analysis of the Subgroup of Women

Using a Multinomial Logistic Regression

Multivariate analyses vs never acne®

Past acne Current acne
Dietary pattern® OR (95% Cl) P value© OR (95% Cl) P value©
Healthy 1.00 (0.96-1.04) .98 0.87 (0.80-0.94) <.001
Fatty and sugary 1.04 (1.00-1.09) .07 1.12(1.04-1.21) .003
Animal products and refined cereals 1.00 (0.96-1.05) .94 1.03(0.94-1.12) .59

Abbreviation: OR, odds ratio.

2 Healthy indicates frequent consumption of fruit, vegetables, and fish; fatty
and sugary, frequent consumption of fatty and sugary products, including
chocolate; and animal products and refined cereals, frequent consumption of
animal products (eg, meat and milk) and refined cereals.

® Analysis included 6998 never acne participants (52%), 5435 past acne
participants (40%), and 1105 current acne participants (8%). Data are missing

for some variables used in adjustment; therefore, the sample number (20 412)
differed from the overall population.

€ Pvalues were determined in a multivariate logistic regression after adjustment
for total calorie intake, the number of dietary records completed, sex, age,
smoking status, physical activity, educational level, body mass index, and
history of cancer, diabetes, cardiovascular disease, or depressive symptoms.

consumption of fatty and sugary products, sugary beverages,
and milk. In a principal component analysis, a fatty, energy-
rich diet (ie, high consumption of fatty and sugary products)
was consistently found to be associated with the presence of
adult acne. Similar results were noted in a subgroup analysis
of the women in the study population.

The results of our study appear to support the hypothesis
that the Western diet (rich in animal products and fatty and
sugary foods) is associated with the presence of acne in adult-
hood. There are several possible explanations for this associa-
tion. First, a high glycemic-load diet causes a rise in circulat-
ing levels of IGF-1*° and insulin, which stimulates mammalian
target of rapamycin 1 activity.>%->! In turn, mechanistic target
of rapamycin 1 stimulates cell proliferation and inhibits apop-
tosis, which increases levels of oxidative stress and inflam-
mation, thus promoting the development of acne.>°>? The
elevation in IGF-1 levels also stimulates the production of
androgens, which are associated with the production of se-
bum and thus the development of acne.?9:3!-32:53 The con-
sumption of milk also generates an increase in IGF-1 produc-
tion by the liver and an increase in circulating insulin levels.
Neither IGF-1 nor insulin is fully inactivated by pasteuriza-
tion, homogenization, and digestion.>*>” Hence, milk con-
sumption has similar consequences as a high glycemic-load

JAMA Dermatology Published online June 10,2020

meal. A role of IGF-1in acne is also suggested by observations
of patients with Laron syndrome, who do not produce IGF-1
and do not develop acne unless supplemented with this growth
factor,>>-8:>9

The possible association between diet and development of
acne has been investigated worldwide; conflicting results have
been obtained (eTable 5 in the Supplement), perhaps because
of interstudy differences in design, methods, case definitions,
study populations (ie, eating habits and cultures), and end
points. However, our present results appear to be in line with
data on the glycemic load and exposure to dairy products. For
example, a study of 44 acne cases and 44 controls by Ismail
et al?* noted that the glycemic load, according to 24-hour di-
etary records, was higher in the acne group than in the control
group. Other studies have also reported an association be-
tween a high glycemic load (high carbohydrate consumption)
and the presence of acne.?23160 Qur present results showed an
apparent association between milk consumption and current
acne, as alsoreported in the literature.?4-2”-31:8! For example, Ad-
ebamowo et al>#2® noted that the consumption of milk, par-
ticularly skimmed milk, was associated with the presence of
acne in women after adjustment for age, age at menarche, BMI,
and energy intake. Juhl et al?”-2® reported the same results for
adolescent boys and all adults.
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Strengths and Limitations

Our study’s strengths included the large sample of adults in
the NutriNet-Santé cohort, the large number of variables docu-
mented via self-questionnaires, and the accuracy of the food
records. Food consumption was evaluated using at least three
24-hour dietary records linked to a large (3500-item) food com-
position database. The 24-hour dietary records linked to a large
food composition database enabled us to take account of
intraindividual variability and obtain what appeared to be
precise, accurate estimates of usual dietary intakes. Further-
more, it has been reported that 24-hour dietary records ob-
tained on several occasions, as used in the NutriNet-Santé co-
hort study, are more reliable than frequency questionnaires.®?

One of the study’s main limitations is that, relative to the
French general population, the study population was younger,
with a higher proportion of women, a higher educational level,
and healthier dietary habits.®*¢* The low proportion of par-
ticipants with current acne and the fact that the study popu-
lation has healthier dietary habits than the French general
population might have led us to underestimate the level of the
associations.

Another limitation was the relatively high proportion (33%)
of participants having self-diagnosed current acne; this sub-
jective report may have introduced classification bias. None-
theless, the fact that only the presence of acne was evaluated
(ie, not the severity) minimized the risk of incorrect self-
diagnosis.

The association between diet and current acne was con-
sistent after adjustment for known and potential confound-
ing factors, which thus minimized confounding bias. The sen-
sitivity analysis of the subgroup of women enabled us to take
hormone-related factors into account. The fact that the study
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variables were collected, analyzed, and validated in the same
way in each of the 3 acne groups is likely to have minimized
any differential classification bias. Our database did not in-
clude information on polycystic ovary syndrome—a condi-
tion known to induce acne in women.®> However, other
hormonal factors (eg, age at menarche, pregnancy, and meno-
pause) were taken into account and did not appear to change
the results of the main analysis. Thus, temporality in the as-
sociation found cannot be discussed. Rather, we can only note
apossible association with current acne—not with the appear-
ance or development of current acne (adult acne). In that con-
text, we chose an adjusted multinomial regression design rather
than a propensity score design. Our findings for participants
in the past acne group must be interpreted with caution since
these individuals may have changed their dietary habits since
the time when they had acne. In addition, our study’s cross-
sectional, observational design is not able to determine di-
rect, causal associations between diet and the presence of acne
in adulthood.

|
Conclusions

The consumption of fatty and sugary products, sugary bever-
ages, and milk appears to be associated with current acne. Our
results may support the hypothesis that the Western diet (rich
in animal products and fatty and sugary foods) is associated
with the presence of acne in adulthood. Our findings provide
data on the prevalence of adult acne; however, further large-
scale studies are needed to investigate more closely the asso-
ciation between diet and acne that might be of value in the
prevention and management of acne.
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