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ABSTRACT

Introduction: Studies on nutrition among adult AD, a chronic inflammatory skin condition, are lacking. The objec-
tive of this cross-sectional study was to investigate the energy, micro and macro nutrient intakes. Methods: Sixty two
adult participants defined by the Hanifin-Rajka criteria were included. AD severity was determined using SCORAD
index and objective SCORAD. Demographic data and a three-day 24-hour dietary recall were collected and an-
alyzed. Basal metabolic rate (BMR) was estimated using Schofield’s equation. The Energy Intake (El): BMR ratio
was used to identify under reporters (E:BMR<1.2). To understand food preferences, main food groups consumed,
meat (chicken, beef, and pork), seafood (fish, crustaceans, and mollusk), vegetables, fruits, including eggs and milk
were examined. To ascertain food avoidance, open ended questions were asked. Results: Significant differences
between the severity of AD groups and energy intake, vitamin A, beta carotene, magnesium, and energy intake-basal
metabolic rate ratio (El: BMR) were seen for SCORAD index. Energy intake was significantly lower among severe
AD. Vitamin A and magnesium intake was lower among severe AD. Saturated fat intake was higher among mild
AD. El: BMR was inversely correlated with objective SCORAD. Seventy seven percent of participants were under
reporters. Almost 10 percent reported avoiding some form of seafood; predominantly form the crustacean or mollusk
group. Conclusion: Subjective symptoms, a component of SCORAD index but not objective SCORAD, may have
contributed to significant differences seen. Lower energy intake in severe AD was due to reduced dietary intake

during flares rather than underreporting.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic remitting
inflammatory disorder affecting the skin. It is closely
related to the other atopic conditions namely, allergic
rhinitis, bronchial asthma, and allergic conjunctivitis.
It is a common disease among the pediatric age group
but there is a small group of patients where the disease
progress into adulthood, has its onset during adulthood
or even after the age of sixty. The abnormal immune
response in AD is mainly propagated by T-helper (Th)2-
phenotype (1). There are many studies on various
dietary aspects of atopic dermatitis, which are focused
on specific foods or nutrients and concerning food
allergies. An excessive intake of n-6 polyunsaturated
fatty acid (PUFA) promotes the Th2-skewed immune
responses and exacerbates the symptoms of AD, while
n-3 polyunsaturated fatty acid (PUFA) has the opposite
effect(2).

To our knowledge, there have only been a handful of
studies in dietary intake in adult AD in Asia. A case-
control study by Ito et al. (3), found that patients with
atopic dermatitis had higher intakes of carbohydrates and
potatoes and lower intakes of alcohol, niacin(vitamin B3),
meat, and oils/fats compared with those of the healthy
controls. Pyridoxine (Vitamin B6) intake was a predictor
of AD severity(3). Vegetable fat, n-6 polyunsaturated
fatty acid, and confections consumption were lower
among the severe AD patients than those in the mild
group. A study in Korea found a higher prevalence of
AD in those who consumed processed food, instant
noodles in particular, and meats (4).Similar studies in
Korea also found that intake of fermented foods had
beneficial effects on AD(5,6).Dietary habits are unique
to a population. In Malaysia, cultural diversity translates
to a diverse practice of nutritional habits. There has
been one study on food restrictions and dietary intake
among toddlers(7) with AD in Malaysia but none
among the adult population. Basic dietary studies like
this can give insight into the role that nutrition plays in
the pathophysiology of this condition. The diagnosis of
atopic dermatitis using the Hanifin and Rajka criteria
requires that patients have at least three major and
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three minor criteria (8). The objective was to assess
the energy and dietary intake of adult Malaysian AD
patients attending the dermatology clinic in Universiti
Kebangsaan Medical Centre (UKMMC). We also
compared differences in stratifying the participants’” AD
severity according to SCORing Atopic Dermatitis index
(SCORAD Index) and objective SCORAD.

MATERIALS AND METHODS

Study Design

This was a cross-sectional prevalence study. Participants,
who fulfilled the inclusion criteria, patients aged 18 and
above diagnosed with AD according to the Hanifin-
Rajka criteria (8), were included. The sample size
was calculated using the following formula, using
inputs from a study by Michiko et.al(3) and estimated
prevalence of adult AD in Malaysia(9). The sample size
formula: n=Z2 P(1-P)/d2 where n = sample size, Z=Z
statistic for a level of confidence 95% in this study, P =
expected prevalence (4%, P = 0.04), and d = precision
(in proportion of one; if 5%, d = 0.05). Minimal
sample size required is 59. Patients with AD and other
Inflammatory or Autoimmune co-morbidities were
excluded. Data were collected from eligible subjects
who had consented to the study. Patients” dietary intake
was analyzed using Nutritionist ProTM (Axxya Systems)
Diet Analysis Software (2007) for macronutrients and
micronutrients. Statistical Package for Social Sciences
(SPSS) ver 26.0 was used for data analysis. ANOVA
(analysis of variance) was used to determine if there were
significant differences in means between mild, moderate
and severe AD. A Tukey post-hoc analysis was done to
analyze differences in means between mild-moderate,
moderate-severe, and mild-severe AD.  Pearson’s
correlation test was used to determine correlation
between nutrients, and the 2 SCORADs. The study was
approved by the medical research and ethics committee
of Universiti Kebangsaan Malaysia (National University
of Malaysia) with an allotted project code FF-2020-473.

Demographic and SCORAD questionnaire

Demographic data on the participants’ age, gender,
allergies, food avoidance (if any), height, and weight
were collected. SCORAD, stratifies atopic dermatitis
(AD) into mild, moderate, and severe. It was carried out
to document the severity of AD during the interview.
Two types of SCORAD, SCORAD Index and Objective
SCORAD were used (10). Objective SCORAD excluded
the subjective symptoms of the participants. While both
are valid measures of AD severity, we included these
two measures to study if the participant’s subjective
symptoms had a bearing on dietary intakes. The
SCORAD index consists of the interpretation of the
extent of the disorder (A: according to the rule of nines
— 20% of the score), the intensity composed of 6 items
(B: erythema, edema/papules, the effect of scratching,
oozing/crust formation, lichenification, and dryness —
60% of the score; each item has four grades: 0, 1, 2, 3)

and subjective symptoms (C: itch, sleeplessness —20%
of the score).

Subjective symptoms are not included in Obijective
SCORAD(10).Severity in the SCORAD index is classified
as mild (<25), moderate (25-50), and severe (>50). The
maximum score is 103. For Objective SCORAD, with
the highest score being 83, severity classified as mild
(<15), moderate (15-40), and severe (>40)(10).

24-hour dietary recall

A 24-hour dietary recall is a structured interview
conducted by the investigator on the research participant
to obtain detailed information on foods and beverages
consumed by the participant over 24 hours. It includes
all the types of foods, drinks, and dietary/nutritional
supplements. The interview is either done face to face
or via telephone. It is used widely in population surveys
and research (11-13).

Based on memory, participants provided dietary
information abouttheir consumption in the past 24-hours.
They described the type of food or beverage consumed
and portion size and cooking methods (if applicable).
Their first food intake from the time they woke up till
their last intake before bed was recorded. The interview
was based on the multiple pass method. Participants are
first asked about all the food they consumed within the
last 24-hours (Pass 1), followed by a thorough probing
whereby they detailed information for each food/
beverage, for the type, amount, any addition to the food/
toppings, preparation methods including the type of oil/
fatused is obtained (Pass 2). To assist the participants with
their memory, they were asked to recall when the food/
beverage was consumed, as well as the place. If the food
was packaged, the brand name, as well as the amount
consumed, was obtained. A final pass of the interview
included reviewing the foods and amount consumed,
providing the interviewee a chance to correct any
inaccurate information (13,14). Participants received a
food guide consisting of Malaysian household measures
(cups, bowls, tablespoon, teaspoons, glasses) to help
recall the portion size (15,16). Previous studies have
used this method. Three dietary recalls were collected,
two weekdays and one weekend. The first recall was
conducted during the first visit while the remaining two,
were conducted viatelephone. All recalls were completed
within the week, at the participants’ convenience. If
they were unavailable during the scheduled phone call,
an alternative appointment was set within the same
week. A picture guide to help indicate food portions
consumed was given to participants. Patients’ dietary
intake was analyzed using Nutritionist ProTM (Axxya
Systems, San Bruno, CA) Diet Analysis Software (2007)
for macronutrients and micronutrients. Each food or
beverage item and portion size from the dietary recall
was entered into Nutritionist Pro by matching with
appropriate items listed within the software. Composite
dishes and mixed dishes were analyzed by adding the
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recipe into the software by entering it as single items.
The Nutritionist pro software contains Malaysian Food
composition databases as well as other international
databases such as USDA Food Database, Canadian
Food Database, and Mexican Food Database. When
they were no match for a food item on the Malaysian
database were found, borrowed data from international
databases were used.

The basal metabolic rate (BMR) was estimated using
Schofield’s equation. The Energy Intake (El): BMR ratio
identified under reporters. Classification of the El: BMR
ratio into under reporters (El: BMR<1.2), plausible (El:
BMR 1.2-2.4), and over reporters (El: BMR>2.4) were
used(17,18). This method of identifying El misreporting
has been used in other dietary intake studies involving
the Malaysian population (19-21).

A detailed understanding of food preferences or
avoidances in AD participants was not part of this
study’s design. Nevertheless, we looked at the major
food groups consumed, as reported in the three-day 24-
hour dietary recall, by mild and severe AD, classified
according to SCORAD Index. The main food groups we
examined were meat (chicken, beef, and pork), seafood
(fish, crustaceans, and mollusk), vegetables, and fruits.
Eggs and milk were two food items frequently correlated
to food allergy and increased risk of anaphylaxis in AD
cases. Peanut allergic patients with and without AD
had similar rates of anaphylaxis. Egg and milk allergic
patients with AD exhibited increased anaphylaxis
compared with those without AD (22). We also asked
patients open-ended questions if they avoided certain
foods and reasons for doing so. These questions
provided information if the participants were allergic to
particular foods or if it merely triggered AD flares.

RESULTS

There were 62 adult AD participants in this study. Tables
I and Il describe the participants’ demographic data,
estimated basal metabolic rate (BMR), Energy Intake (El),
El: BMR ratio, and mean macro and micronutrient intake
corresponding to AD severity using SCORAD index and
objective SCORAD. There were a total of sixty two AD
participants in this study. Eighteen (29%) were males
and forty-four (71%) were females. The majority of
the participants were Malays (56.5%) followed by
Chinese (27.4%) and Indians (16.1%). The mean BMI
of participants was 25.96 + 6.26SD.Among the sixty
two subjects, only three (4.8%) were underweight.
Thirty (48.4%) had normal BMls, sixteen (25.8%) were
overweight, and thirteen (21.0%) were overweight. The
mean age of participants was 34.6 + 14.8SD.SCORAD
index and Objective SCORAD were two measures
of severity for AD employed. Their mean scores were
30.54 = 15.7SD and 21.28 + 17.4SD, respectively.

There was a significant difference between the severity

Table I: Demographics and mean intakes of macro and micro nutri-
ents using SCORAD index

Mild Moderate Severe Total -
Value
SCORAD Index
Gender
Male 6 6 6 18 (29)
Female 23 15 6 44 (71)
Ethnicity
Malay 17 13 5 35 (56.5)
Chinese 7 5 5 17 (27.4)
Indian 5 3 2 10 (16.1)
Total Mean

Age 36.40 34.00 31.60 34.60 0.628
BMI 26.70 24.60 26.60 25.90 0.461
BMI Class.(WHO)
Underweight 2 1 0 3
(BMI<18.5)
Normal 12 12 6 30
(BMI:18.5-24.9)
Overweight 6 6 4 16
(BMI:25.0-29.9)
Obese 9 2 2 13
(BMI>30.0)
BMR(kcal) 1439.10 1427.05 1568.00 1459.97 0.276
El (kcal) 1297.54>  1443.542 1064.95" 1301.98 0.035*
Pro(g) 63.29 65.85 65.99 64.68 0.907
Carb(g) 164.07 185.90 145.70 167.91 0.135
Fat(g) 42.86 48.83 40.43 44.41 0.413
SFA(glv 10.5 12.95 10.06 11.24 0.29
MSFAT(g) 9.25 9.11 10.37 9.42 0.792
PUFAT(g) 7.29 5.98 7.75 6.94 0.486
TFA(g) 0.33 1.03 0.70 0.65 0.24
Na(mg) 1559.73 1740.58 1718.61 1651.74 0.697
K(mg) 1368.8 1680.38 1432.13 1486.59 0.18
VitA (1U) 5622.23"  7817.97°  4119.49" 6075.10 0.008**
Beta Carotene(ug) ~ 2237.70®  3204.66°  1427.29° 2408.36 0.029*
Lycopene(pg) 1357.62 815.57 3949.65 1675.71 0.149
VitC(mg) 80.2 95.05 68.58 82.98 0.574
Vit D (IU) 31.77 37.94 23.20 32.52 0.535
VitE (IU) 4.91 5.00 4.36 4.83 0.85
Thiamin(mg) 1.05 1.09 0.99 1.05 0.849
Riboflavin(mg) 1.17 1.22 1.07 1.17 0.742
Niacin(mg) 15.74 15.40 16.69 15.81 0.855
PyridoxB6(mg) 1.03 1.17 1.21 1.1 0.493
Folate (pg) 298.24 293.08 234.70 284.19 0.474
VitB12(pg) 2.44 2.72 2.75 2.59 0.919
Calcium(mg) 437.11 458.80 360.33 429.60 0.494
Iron(mg) 13.99 15.89 13.11 14.46 0.451
Magnesium(mg) 155.29% 217.20 155.22" 176.25 0.013*
Zinc(mg) 5.26 5.97 5.14 5.48 0.497
Copper(mg) 0.8 0.87 0.66 0.80 0.303
Dfiber Tot.(g) 6.78 8.97 6.34 7.44 0.188
Sugar(g) 28.25 34.28 27.07 30.07 0.617
Glucose(g) 2.5 3.1 3.08 2.84 0.88
EI:BMR Ratio 0.92% 1.02* 0.71° 0.91 0.014*

**_ Differences in mean are significant at the 0.01 level (2-tailed).

*. Differences in mean are significant at the 0.05 level (2-tailed).

Compact Letter Display - Tukey post-hoc analysis on significant ANOVA attributes:

a,b,c - denotes highest to lowest value of means (a — highest; c- lowest) if they are all signifi-
cantly different; Tukey post-hoc analysis <0.05

ab — the mean is not clinically different compared to the remaining 2 means.

(SCORAD Index) of AD groups for energy intake
(p=0.035), vitamin A (p=0.008),beta carotene (p=0.020),
magnesium (p=0.013), and El: BMR ratio (p=0.014)
Table 1. However, significant differences were not
present when the Objective SCORAD was used, except
for magnesium (p=0.021).

There was a significant difference between the
severity (SCORAD Index) of AD groups for energy
intake (p=0.035), vitamin A (p=0.008), beta carotene
(p=0.020), magnesium (p=0.013), and El: BMR ratio
(p=0.014) Table I. However, significant differences were
not present when the Objective SCORAD was used,
except for magnesium (p= 0.021).
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Table 1I: Demographics and mean intakes of macro and micro nutri-
ents using Objective SCORAD

Mild Moderate Severe Total p-Value
Objective SCORAD
Gender
Male 6 8 4 18 (29)
Female 19 18 7 44 (71)
Ethniity
Malay 16 13 6 35 (56.5)
Chinese 5 9 3 17 (27.4)
Indian 4 4 2 10 (16.1)
Total
Mean

Age 35.80 35.15 30.82 34.65 0.639
BMI 26.83 25.25 25.68 25.96 0.665
BMI Class.(WHO
Underweight 2 1 0 3
(BMI<18.5)
Normal 10 13 7 30
(BMI:18.5-24.9)
Overweight 6 8 2 16
(BMI:25.0-29.9)
Obese 7 4 2 13
(BMI>30.0)
BMR (kcal) 1454.28 1452.08 1491.55 1459.97 0.276
El (kcal) 1388.84°  1324.99® 1050.17° 1301.98 0.065
Pro(g) 66.13 66.78 56.44 64.68 0.423
Carb(g) 174.26 174.07 138.94 167.91 0.182
Fat(g) 47.35 45.55 35.06 44.41 0.198
SFA(glv 11.732 12.05% 8.23" 11.24 0.195
MSFAT(g) 9.88 9.31 8.63 9.42 0.81
PUFAT(g) 7.80 6.12 6.92 6.94 0.431
TFA(g) 0.64 0.81 0.26 0.65 0.586
Na(mg) 1658.59 1669.72 1593.68 1651.74 0.965
K(mg) 1401.22 1634.75 1330.44 1486.59 0.241
VitA (IU) 5845.74 6722.24 5066.73 6075.10 0.398
Beta Carotene(ug) 2381.11 2713.21 1749.74  2408.36 0.387
Lycopene(ug) 931.86 1342.53 4153.78 1675.71 0.136
VitC(mg) 70.62 104.02 61.35 82.98 0.133
Vit D (IU) 34.48 35.86 17.58 32.51 0.367
VitE (IU) 4.95 4.80 4.64 4.83 0.964
Thiamin(mg) 1.08 1.1 0.85 1.05 0.348
Riboflavin(mg) 1.16 1.27 0.95 1.17 0.277
Niacin(mg) 15.78 16.28 14.76 15.81 0.807
PyridoxB6(mg) 1.02 1.21 1.08 1.1 0.431
Folate (pg) 320.18* 276.81%® 219.86° 284.19 0.195
VitB12(pg) 2.46 2.82 2.37 2.59 0.858
Calcium(mg) 471.64 429.17 335.05 429.60 0.268
Iron(mg) 14.66 15.02 12.69 14.46 0.614
Magnesium(mg) 158.43® 208.20° 141.21° 176.25 0.021*
Zinc(mg) 5.38 6.04 4.37 5.48 0.137
Copper(mg) 0.84 0.82 0.63 0.80 0.28
Dfiber Tot.(g) 6.98 8.82 5.20 7.44 0.087
Sugar(g) 30.06 31.86 25.85 30.07 0.792
Glucose(g) 1.90 3.72 2.90 2.84 0.359
El:BMR Ratio 0.98 0.92 0.74 0.91 0.076

*. Differences in mean are significant at the 0.05 level (2-tailed).

Compact Letter Display - Tukey post-hoc analysis on significant ANOVA attributes:

a,b,c - denotes highest to lowest value of means (a — highest; c- lowest) if they are all signifi-
cantly different; Tukey post-hoc analysis <0.05

ab — the mean is not clinically different compared to the remaining 2 means.

Compact letter display (CLD) in Table | and Il shows the
means between mild-moderate, moderate-severe, and
mild-severe groups classified according to SCORAD
Index and Objective SCORAD. There were significant
differences in vitamin A (p=0.029) and magnesium
(p=0.005) between the mild and moderate groups
classified using the SCORAD Index. There were
significant differences between the moderate-severe AD
group (Table I) for El (p=0.02), vitamin A (p=0.029),
and El: BMR ratio (p=0.006). For the mild and severe
group, significant differences were only for El: BMR ratio
(p=0.033).

For objective SCORAD, significant differences between
the means for the moderate-severe group were found

for folate (p=0.031) and magnesium (p=0.033). For the
mild- severe group, significant differences were seen in
El (p=0.011), Fat (p=0.039), saturated fatty acids (SFA)
(p=0.04), folate (p=0.047) and EI:BMR ratio (p=0.028).

There was a strong positive correlation between
SCORAD index and Objective SCORAD (r=0.985;
n=62; p<0.001) (Table IIl). Objective SCORAD and
SCORAD Index, was inversely correlated with EI:BMR
ratio, but only significant for Objective SCORAD (r=-
0.293; n=62; p=0.021). Table Ill also showed significant
correlations between dietary intake of magnesium and
El (r=0.541; n=62; p<0.001), total fat (r=0.391; n=62;
p=0.02), saturated fatty acids (SFA) (r=0.448; n=62;
p<0.001), E:BMR ratio (r=0.450; n=62; p<0.001), folate
(r=0.383; n=62; p=0.002), and vitamin D (r=0.304;
n=62; p=0.019).

There were 48 (77.4%) under reporters (E:BMR ratio
<1.2) and 14 (22.6%) plausible reporters (EI:BMR ratio
1.2-2.4). There was no over reporters (El: BMR ratio
>2.4) among the participants (Table IV).

Chicken was the most consumed meat among the
mild (22/29, 75.9%) and severe AD (10/12, 83.3
%) participants. ~ Only non-Muslims, who were
predominantly Chinese consumed pork and 2/29
(6.9%) of them had mild AD whereas 2/12 (16.7%)
had severe AD. Participants who consumed beef were
predominantly Muslims. One out of twenty-nine (3.4%)
of them had mild AD and 1/12 (8.3%) had severe AD. In
mild AD participants, 27/29 (93%) consumed seafood.
Anchovies was the most common seafood consumed
by 12/29 (41.4%), followed by indian mackerel fish
8/29 (27.6%). However, only 6 /29 (20.7%) mild AD
participants consumed prawns. In contrast, only 6/12
(50%) severe AD participants consumed only fish. None
of the severe AD participants consumed prawns. The
most commonly consumed fish was the indian mackerel
3/12 (25%), followed by chinese catfish 2/12 (16.7%)
and spanish mackerel 1/12 (8.3%). The severe AD group
did not consume anchovies.

The most common vegetables consumed by mild AD
participants were carrots 6/29 (20.7%), followed by
swamp cabbage 4/29 (13.8%), chinese mustard leaves
3/29 (10.3%), and spinach 4/29 (13.8%). 12/29 (41.4%)
consumed other vegetables including fern (pucuk paku),
okra, long beans, french beans, cabbage, and mixed
vegetables. Among the severe AD participants, the most
commonly consumed vegetable was chinese cabbage
(pak choy) 4/12 (33.3%), followed by chinese mustard
leaves 3/12 (25%), broccoli 2/12(16.7%), lettuce
(romaine lettuce) 1/12(8.3 %); iceberg lettuce 1/12(
8.3%), and loofah, spinach, and tomato 1/12 (8.3 %).

Fruit consumption was generally poor among mild 5/29
(17.2%) and severe AD 3/12(25%) participants. The
types of fruit consumed varied among the 2 groups.
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TABLE IllI: Pearson correlations among SCORAD, energy intake selected nutrients, and El:BMR

Variable ~ 1.SCORAD 2.0bj. 3.El 4.Total Fat 5.SFAT 6.VitA(IU) 7.BetaCaro  8.VitD(IU)  9.Folate 10.Magnesium  11.Zinc 12.El:BMR
SCORAD (kcals) (gm) (gm) (pg) (pg) (mg) (ng)

1 1 9717 -0.162 -0.057 -0.013 -0.022 -0.043 -0.035 -0.119 0.065 -0.016 -0.230
2 9717 1 -0.225 -0.132 -0.087 0.014 -0.007 -0.093 -0.120 0.065 -0.043 -.293°
3 -0.162 -0.225 1 820" 619” 0.215 0.116 294 0.212 5417 674" 856"
4 -0.057 -0.132 820" 1 8177 0.106 -0.018 .308" 0.004 3917 6517 643"
5 -0.013 -0.087 619” 8177 1 0.116 -0.005 5127 0.011 448" 654" 473"
6 -0.022 0.014 0.215 0.106 0.116 1 .906™ 0.096 .262° 474" .293° 0.114
7 -0.043 -0.007 0.116 -0.018 -0.005 .906™ 1 -0.022 .381" 447" 0.213 0.019
8 -0.035 -0.093 .294° .308° 5127 0.096 -0.022 1 .264° .304° 4417 275
9 -0.119 -0.120 0.212 0.004 0.011 262 381" .264 1 383" 3327 0.227
10 0.065 0.065 5417 3917 448" 474" 447" 304 .383" 1 7717 .450™
11 -0.016 -0.043 674" 651" 654" .293° 0.213 4417 3327 771 1 5107
12 -0.230 -.293° 856" 643" 473" 0.114 0.019 275 0.227 450" 510" 1

**, Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

Table IV: Energy Intake: BMR ratio (EBR) classification of under,
plausible, and over reporters

EI:BMR ratio (EBR) Classifi- SCORAD Index Classification

cation

Mild  Moderate  Severe  Total (%)
EBR <1.2 (under reporters) 23 14 11 48 (77.4)
EBR 1.2-2.4 (Plausible) 6 7 1 14 (22.6)
EBR >2.4 (over reporters) 0 0 0 0(0.0)

The mild AD group consumed apples, oranges, grapes,
banana, and kiwi fruit, while the severe AD group
consumed guava, watermelon, and mango.

Eggs were consumed by 18/29 (62.1%) mild AD cases,
compared to 5/12 (41.7%) by severe AD cases. Milk was
consumed by 10 out of 29 (34.5%) mild AD participants
compared to 3/12 (25%) by severe AD participants.

Overall, 6/62 participants (9.7%), reported food
avoidance. All of them claimed to have avoided certain
seafood, predominantly from the crustacean (prawns,
shrimp, and crab) and mollusk group (cuttlefish, and
squid). Out of these six participants, three were from the
moderate AD group, three others were from the severe
AD group. One of the participants from the severe AD
group did not consume poultry meat.

DISCUSSION

Data on energy and nutrient intakes among Malaysian
adults is available from the Malaysian Adult Nutrition
Survey (MANS), last carried out in 2014(23). MANS
2014 excluded cases that misreported El. The mean El
for Malaysian adults was 2060 kilocalories (kcal). The
mean El for AD subjects in this study was 1301.98 kcal,
which was very much lower than the average El of the
general Malaysian adult population. The macronutrient
intake among the general Malaysian adult population was
81.0, 273.0, and 70.0 grams for protein, carbohydrates,
and fat. Macronutrient intake among AD subjects was
lower at 64.68, 167.91, and 44.41 grams for protein,
carbohydrates and fat. These are mere comparisons and
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not statistically significant deductions.

Underreporting of energy intake is a recognized issue
that has persisted in MANS throughout the years (21).
The prevalence of underreporting in our study was
77.4%. In our study, we have reasons to believe that
underreporting may have been affected by participants’
symptoms. It became apparent, during data on 24-hour
dietary recall collection, that a few of the severe AD
participants had very low caloric intake. The low caloric
intake did not commensurate with their BMI. On further
query, they had restricted dietary intake during flares.
El: BMR ratios were significantly, inversely correlated to
Objective SCORAD.

This indicated that lower El: BMR ratios correlated with
higher Objective SCORAD or more severe AD. This
finding adds credence to the fact that underreporting was
more prevalent in severe AD participants due to reduced
caloric intake and not merely the act of underreporting
itself. It is for this reason, energy intake adjustments
were not made to address underreporting in this study.
We acknowledge that there are limitations in addressing
underreporting in this study, because underreporting
may be a part of caloric restriction seen in more severe
AD participants. It is an issue that must be addressed in
future studies. Restricted energy intake, with increased
calcium, iron, vitamin A, Vitamin C, and Vitamin E
have been shown to reduce inflammatory symptoms of
patients with AD (24).

The significance of lower energy intakes in severe AD
participants was lost when objective SCORAD was used
to stratify AD severity, which supports that the lower
energy intake in severe AD is not due to underreporting.
Future studies must address mechanisms to differentiate
underreporting from reduced intake due to disease
severity. Animal studies on the effects of beta carotene
in AD have shown promising results. Translational
studies on human subjects should follow through.
Differences in cultural and diet habits may have caused
varying outcomes in dietary and serum carotenoids in
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human studies.

Social and cultural factors influence the subjective
component of the SCORAD Index (10). In Objective
SCORAD, this subjective component is removed.
Although there was a strong correlation between
Objective SCORAD and SCORAD Index, the exclusion
of participant’s symptoms in Objective SCORAD had
significant differences in means. These findings suggest
that participants’ symptoms had a bearing on El, vitamin
A, beta carotene, and El: BMR ratio.

One of the earlier studies done on magnesium and AD
found that whole skin and dermal magnesium levels
were significantly higher in adults with AD compared
to healthy controls (1.5 — 0.4 vs. 0.9 — 0.4, respectively;
p < 0.01), while epidermal magnesium content was not
significantly different from controls (25). The frequency
of hypomagnesemia (serum magnesium) was highest
in AD than in controls, and contact dermatitis (0% in
controls, 10% in contact dermatitis, and 16.7% in
AD) (26).In a case-control study among the pediatric
population, patients with AD had significantly lower
serum magnesium levels and erythrocyte zinc (EZ)
levels.

The SCORAD index did not correlate with serum
concentrations of magnesium, EZ, copper, iron, and
hemoglobin levels (27). Another case-control study
on dietary habits among Japanese adults with AD did
not show significant differences in magnesium intake
between cases and controls. Correlations between
SCORAD and magnesium intake were absent (3).

In animal studies, AD-like features in hairless mice fed
diets low in magnesium was noted (28-30). In the study
by Makiura, in addition to magnesium, the diet was also
deficient in zinc(30). Zinc intake was not significantly
lower in more severe AD but correlated with magnesium.
Similarly, magnesium intake was also significantly
correlated to other nutrients. Elucidating the role of
significant correlations was beyond the objectives of this
study. It should be considered in planning further dietary
studies involving AD. These significant correlations
may indicate how these different nutrients could relate
synergistically during absorption. We showed that
magnesium intake was significantly higher in moderate
AD than in mild AD when using SCORAD index,
and significantly lower in severe AD than in moderate
AD when using Objective SCORAD. Recommended
Nutrient Intake (RNI) for magnesium among Malaysian
adults ranged from 400-420mg for males to 310-420mg
for females (31). The mean magnesium intake for AD in
this study was 176.25mg.

Vitamin A and beta carotene intake were significantly
different across the groups when participants were
classified according to SCORAD Index but not so when
classified according to Objective SCORAD. Vitamin A

intake was significantly higher in moderate AD than
mild AD (p=0.029). Vitamin A (p=0.002) and beta
carotene (p=0.004) intake were significantly higher in
moderate AD than in severe AD.

Beta carotene is a naturally occurring vitamin A
precursor and is most abundant among the other
carotene isomers. Alpha and beta carotene plasma
levels were higher in human controls than in AD cases
but the differences were not statistically significant (32).
No significant differences were also found between
serum beta carotene levels in the atopic compared to
the non-atopic group (33). In animal studies, however,
oral administration of beta carotene improved the
appearance of oxalozone induced AD-like skin in
mice(34). Similar effects were also seen in zinc and
magnesium-deficient diet-induced AD in murine
models(35,36). In our study, Vitamin A and beta
carotene intake differed significantly between the mild-
moderate and moderate-severe groups for SCORAD
index classification but not for the mild-severe group.
No significant differences were found when participants
were classified according to Objective SCORAD. Ito
et al.’s study found no significant differences in beta
carotene intake between AD and controls (3).A study on
a pediatric population in Germany, consisting of native
Germans, Turkish immigrants who have assimilated
into the German culture, and Turkish immigrants who
have not yet adapted to German culture, found varying
serum carotenoid patterns depending on the nationality
and cultural adaptation(33).Significant differences were
lost when objective SCORAD instead of SCORAD index
was used, in this study. These significant differences
may be due to social and cultural differences related
to the participants’ symptoms. Translational studies on
the effect of beta carotene in human AD patients should
be carried, due to the encouraging results from animal
studies. Varying results in dietary and serum carotenoids
in human studies may be caused by differences in
cultural, dietary habits, and affordability.

Significant differences in mean folate (Vitamin B9)
intake between mild and severe groups were evident
when participants were classified only according
to Objective SCORAD and not SCORAD index.
Significant differences between dietary intake of other
types of Vitamin B and AD severity were not evident.
Ito’s study reported a lower dietary intake of folic
acid (Vitamin B9) among AD patients. The difference
was not statistically significant. Intake of Vitamin B3
(niacin) was significantly lower among the AD group
than controls. Correlation between the various types of
Vitamin B and SCORAD was significant only for Vitamin
B6 (Pyridoxine) (3). The study by lto et al. did not use
the Objective SCORAD to discount the subjective
components of patients’ symptoms. Research on
niacin intake and adult onset AD among women in the
United States of America concluded that niacin intake
was not protective in the developing AD in adulthood
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(37).  This study also reported an increased risk of
AD with supplementary B complex and multivitamin
intake. Only a food frequency questionnaire (FFQ) was
used in this study, a method that was not superior to
repetitive dietary recall (38,39) or a blended approach
using both dietary recall and the FFQ (40). A study
reported lower serum folic acid levels in AD patients
than controls that were not statistically significant (41).
Nottingham Severity Score was used to stratify the
severity of AD cases. A systematic review concluded
that only SCORAD, Eczema Area and Severity Index
(EASI), and Patient-oriented Eczema Measure (POEM)
have been tested sufficiently and performed adequately
as a measure of AD severity (42). Another study found
that serum folate levels were inversely associated with
high total IgE levels, and atopy (43).

Ito et al. found that omega 6 —polyunsaturated fatty
acids (n-6 PUFA) intake was significantly higher in
the mild AD group than the severe AD group (3). We
found no such association for n-6 PUFA in our study.
Many studies revolving around the dietary intake of fatty
acids inflammatory skin conditions are on PUFAs where
many of the lipid mediators that regulate inflammation
are metabolites derived from omega-6 (n-6 PUFA)
or omega-3 (n-3 PUFA) fatty acids. The relationship
between these PUFAs and inflammatory skin conditions
is complex. In general, n-6 PUFAs are associated with
pro-inflammatory responses, while n-3 PUFAs are
associated with anti-inflammatory responses (44). Severe
AD patients would have expected to have a higher
intake of n-6 PUFA than mild AD patients. Similarly,
SFA is pro-inflammatory and has been implicated in
many non-communicable diseases.

In our study, total fat and saturated fatty acid (SFA)
intake among mild AD participants were significantly
higher compared to the severe AD group when they
were classified under objective SCORAD. Though we
know that SFA an integral component of lipids found
in the stratum corneum, we have not come across any
explanation in the literature on how dietary saturated
fat affects the outcome of AD. Lipids in the stratum
corneum are highly specialized. The major constituents
of these lipids are composed of ceramides, free fatty
acids, and cholesterol in an approximately 1:1:1
molar ratio (45).The free fatty acids in the skin barrier
are usually saturated, unbranched and usually 14-34
carbons long. Similar saturated, unbranched free fatty
acids are also an integral part of the sphingoid base that
is the backbone of ceramides (46).

In assessing food preferences we looked at only the
mild and severe AD participants as these were the two
extreme ends of the disease spectrum, and any changes
in food preferences would be evident. Vegetable and
fruit intake among adult Malaysians has been low.
Between 2000-2002 and 2005-2007, the average daily
consumption of vegetable and fruit among Malaysians

was 109 g for vegetables and 152 g for fruits (261 g
total). The combined daily vegetable and fruit intake
of Malaysians is far below the WHO’s recommendation
for optimal health (47). Fruits consumed by mild AD
participants were similar to those consumed by the
general Malaysian public. Apple, banana, orange,
watermelon, and papaya were the top five fruits
consumed by Malaysians in general (48). The four
popular leafy vegetables consumed by Malaysians were
cabbage, chinese mustard leaves, swamp cabbage,
and spinach (48). Again, vegetable consumption
among the mild AD group was similar to that of the
general Malaysian population, with differences seen
among those with severe AD. Limitations of this study
in investigating food preferences and avoidances are
known. Research on food preferences and avoidances
is worthy of a separate, more focused study in the
future. Carrots classified as “roots and tubers” were the
second most consumed vegetable after potato among
Malaysians (48).

Poultry meatrecorded the highest per capita consumption
(PCC) of 52.0 kilogrammes per year followed by chicken/
duck egg (22.2 kg/year), pork (16.3 kg/year), and beef
(5.6kg/year) (49). No deductions could be made from
our study, as poultry meat (chicken) was the main intake
of meat for both mild and severe AD participants.

PCC of mackerel (5.2 kg/year) was the highest among
other seafood followed by shrimp (3.9 kg/year), tuna (2.5
kg/year), cuttlefish (kg/year), and crab (0.4kg/year) (49).
Mackerels popularly consumed in Malaysia consist of
the spanish mackerel (tenggiri) and the indian mackerel
(kembung). Both mild and severe AD participants
consumed mackerels. The glaring difference noted
between these two groups was that none of the severe
AD participants consumed prawns and anchovies, while
anchovies were, in fact, the most consumed seafood
among mild AD participants. These findings correspond
with the reported food avoidance of certain seafood,
predominantly in the crustacean and mollusk groups.
Consumption of these foods usually caused pruritus and
flares of AD.

Food allergies are typically type | hypersensitivity
reactions. They canalso presentastype IV hypersensitivity
reactions involving food antigen-specific T-cell responses
that can damage the gut mucosa, as seen in celiac
disease and food protein-induced enterocolitis. None
of the participants had typical type | hypersensitivity
reactions. Examples of type | hypersensitivity reactions
are anaphylaxis, urticarial, angioedema, nor pulmonary
reactions. There were also no type IV hypersensitivity
reactions. Some patients claimed that the mentioned
food triggers that worsened AD had varying effects,
worse if foods were not fresh (foods stored over a long
period). These were foods that contained histidine. We
postulate that the conversion of histidine to histamine by
histamine-producing bacteria (HPB) may be the trigger
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for worsening AD. Examples of HPB are Photobacterium
phosphoreum and Raoultellaplanticola (50). These
bacteria possess histidine decarboxylase that facilitates
this conversion.

This study had clear limitations in addressing food
preferences and avoidance. Food preferences and
avoidance in a population with an inflammatory
condition like AD requires a specific study design. The
study design should incorporate all the relevant features
in a validated research tool. Such attributes were beyond
the scope of this study. It is an important aspect worthy
of a separate, more focused, study. A food avoidance
and symptom questionnaire would have been able to
show an association and a validated FFQ would have
been useful in a larger sample to identify dietary pattern.
Principal component analysis (PCA) (51) and cluster
analysis can be used to study dietary pattern, both of
which was beyond the scope of this study.

CONCLUSION

SCORAD index and objective SCORAD were strongly
correlated, (r=0.985; n=62; p<0.001), yet significant
differences in means, except for magnesium, was lost
when AD was stratified using objective SCORAD.
Subjective symptoms of the patients may have played
a role in these changes. Social and cultural differences
related to the participants’ symptoms may have also
contributed to these changes. A large portion of under
reporters may be due to reduced nutrient intake during
AD flares. Findings from this study would help plan
more extensive research in the future. Examples being,
the role of magnesium in AD severity, and the effect
that conversion of histidine to histamine in food has
on aggravating AD being good examples. Planning
an efficient case-control study looking into dietary risk
factors in AD would also be a worthy endeavor.

ACKNOWLEDGEMENTS

We would like to thank the staff of the dermatology lab
and clinic for their help during this study. Special thanks
to the participants of this study. There were no conflict
of interests among the authors.

REFERENCES

1. Brunner PM, Israel A, Zhang N, Leonard A, Wen
H-C, Huynh T, et al. Early-onset pediatric atopic
dermatitis is characterized by  T(H)2/T(H)17/
T(H)22-centered inflammation and lipid alterations.
J Allergy Clin Immunol. 2018 Jun;141(6):2094—
106.

2. Calder PC, Kremmyda L-S, Vlachava M, Noakes
PS, Miles EA. Is there a role for fatty acids in early
life programming of the immune system? Proc Nutr
Soc. 2010 Aug;69(3):373-80.

3. lto M, Morita T, Okazaki S, Koto M, Ichikawa Y,

10.

11.

12.

13.

14.

15.

16.

Takayama R, et al. Dietary habits in adult Japanese
patients with atopic dermatitis. ] Dermatol. 2019
Jun;46(6):515-21.

Park S, Choi H-S, Bae J-H. Instant noodles,
processed food intake, and dietary pattern are
associated with  atopic dermatitis in an adult
population (KNHANES 2009-2011). Asia Pac ] Clin
Nutr. 2016;25(3):602-13.

Park S, Bae J-H. Fermented food intake is associated
with a reduced likelihood of atopic dermatitis in
an adult population (Korean National Health and
Nutrition Examination Survey 2012-2013). Nutr
Res. 2016 Feb;36(2):125-33.

Kim HJ, Ju S-Y, Park YK. Kimchi intake and atopic
dermatitis in Korean aged 19-49 years: The Korea
National Health and Nutrition Examination Survey
2010-2012. Asia Pac J Clin Nutr. 2017;26(5):914—
22.

Low DW, Jamil A, Md Nor N, Kader Ibrahim SB,
Poh BK. Food restriction, nutrition status, and
growth in toddlers with atopic dermatitis. Pediatr
Dermatol. 2020;37(1):69-77.

Hanifin JM RG. Diagnostic features of atopic
dermatitis. Acta Derm Venereol Suppl. 1980;59:44—
7.

Jaafar RB, Pettit JH. Atopic eczema in a multiracial
country (Malaysia). Clin Exp Dermatol. 1993
Nov;18(6):496-9.

Oranje AP. Practical Issues on Interpretation of
Scoring Atopic Dermatitis : SCORAD Index ,
Objective SCORAD , Patient- Oriented SCORAD
and Three- Item Severity Score. Shiohara T Pathog
Manag Atopic Dermatitis Curr Probl Dermatol.
2011;41:149-55.

Lee YY, Wan Muda WAM. Dietary intakes and
obesity of Malaysian adults. Nutr Res Pract. 2019
Apr;13(2):159-68.

Mirnalini KJ, Zalilah MS, Safiah MY, Tahir A, Siti
Haslinda MD, Siti Rohana D, et al. Energy and
Nutrient Intakes: Findings from the Malaysian
Adult Nutrition Survey (MANS). Malays J Nutr.
2008 Mar;14(1):1-24.

Moshfegh AJ, Rhodes DG, Baer DJ, Murayi T,
Clemens)C, RumplerWV, etal. The US Department
of Agriculture Automated Multiple-Pass Method
reduces bias in the collection of energy intakes.
Am ] Clin Nutr. 2008 Aug;88(2):324-32.

Salvador Castell G, Serra-Majem L, Ribas-Barba L.
What and how much do we eat? 24-hour dietary
recall method. Nutr Hosp. 2015 Feb;31 Suppl
3:46-8.

Suzana S, Nor Aini MY, Nik Shanita S R dah G&
RA. Atlas of Food Exchanges & Portion Sizes. 3rd
ed. Kuala Lumpur: MDC Publishers Sdn Bhd.;
2015.

Tahir A, Suhaila AG, Azli B NM, Yuhanis Auri AK
NFH& AZM, editors. Album Makanan Malaysia.
1st ed. Kuala Lumpur: Institut Kesihatan Umum.;
2011.

84 Mal ] Med Health Sci 17(4): 77-86, Oct 2021



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Black AE. Critical evaluation of energy intake
using the Goldberg cut-off for energy intake:basal
metabolic rate. A practical guide to its calculation,
use and limitations. Int ) Obes Relat Metab Disord.
2000 Sep;24(9):1119-30.

Goldberg GR, Black AE, Jebb SA, Cole TJ,
Murgatroyd PR, Coward WA, et al. Critical
evaluation of energy intake data using fundamental
principles of energy physiology: 1. Derivation of
cut-off limits to identify under-recording. Eur ] Clin
Nutr. 1991 Dec;45(12):569-81.

Sahathevan S, Se CH, Ng SH, Chinna K, Harvinder
GS, Chee WSS, et al. Assessing protein energy
wasting in a Malaysian haemodialysis population
using  self-reported appetite rating: a cross-
sectional study. BMC Nephrol. 2015 Jul;16:99.
Sharif R, Siew Wen L, Rajikan R. Nutritional and
Physical Activity Status among Adults Living
in Low-Cost Housing Area in Selangor. ] Sains
Kesihat Malaysia (Malaysian J Heal Sci Vol 14, No
2 [Internet]. 2016 Jul 31; Available from: https://
ejournal.ukm.my/jskm/article/view/14719/4473
Zainuddin AA, Nor N, Yusof S, Irawati A, Ibrahim N,
Aris T, et al. Under-reporting of energy and nutrient
intake is a persistent issue in the Malaysian Adult
Nutrition Surveys. Mal ] Nutr. 2019;25(2):261-71.
Hoffman BC, Garcia S, Everett DC, Leung DYM,
Cho CB. Association of atopic dermatitis with
increased risk of anaphylaxis to egg and milk. Vol.
123, Annals of allergy, asthma & immunology :
official publication of the American College of
Allergy, Asthma, & Immunology. United States;
2019. p. 620-2.

Zainuddin AA, Nor N, Yusof S, Irawati A, Ibrahim
N, Aris T, et al. Changes in energy and nutrient
intakes among Malaysian adults : findings from the
Malaysian Adult Nutrition Survey ( MANS ) 2003
and 2014. Mal ) Nutr. 2019;25(2):273-85.

Kouda K, Tanaka T, Kouda M, Takeuchi H,
Takeuchi A, Nakamura H, et al. Low-energy diet
in atopic dermatitis patients: clinical findings and
DNA damage. J Physiol Anthropol Appl Human
Sci. 2000 Sep;19(5):225-8.

LIPKIN G, MARCH C, GOWDEY ). MAGNESIUM
IN EPIDERMIS, DERMIS, AND WHOLE SKIN
OF NORMAL AND ATOPIC SUBJECTS. J Invest
Dermatol. 1964 Apr;42:293-304.

Rattanatayarom W, Udompataikul M, Arayaskul
S, Classen A, Classen HG. Serum magnesium in
atopic patients with special reference to atopic
dermatitis. Trace Elem Electrolytes. 2016;33:74-8.
Toyran M, Kaymak M, Vezir E, Harmanci K, Kaya
A, Ginig T, et al. Trace element levels in children
with atopic dermatitis. J Investig Allergol Clin
Immunol. 2012;22(5):341-4.

Ponvert C, Galoppin L, Saurat JH. The dermatosis
of hairless rats fed a hypomagnesaemic diet. I.
Course, clinical features and inhibition by drugs.
Clin Exp Dermatol. 1983 Sep;8(5):539-47.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Chavaz P, Faucher F, Saurat JH. Dermatosis
of hairless rats fed a hypomagnesic diet--
pathology and immunology. Dermatologica.
1984;169(3):105-11.

Makiura M, Akamatsu H, Akita H, Yagami A,
Shimizu Y, Eiro H, et al. Atopic dermatitis-
like symptoms in HR-1 hairless mice fed a diet
low in magnesium and zinc. ) Int Med Res.
2004;32(4):392-9.

Mohd Ismail Noor; Poh Bee Koon; Siong TE,
Lin, Khor Geok; Ley GS (editors). Recommended
Nutrient Intakes for Malaysia. A Report of
the Technical Working Group on Nutritional
Guidelines. National Coordinating Committee on
Food and Nutrition (NCCFN). Ministry of Health,
Malaysia; 2017.

Lucas R, Mih6ly J, Lowe GM, Graham DL, Szklenar
M, Szegedi A, et al. Reduced Carotenoid and
Retinoid Concentrations and Altered Lycopene
Isomer Ratio in Plasma of Atopic Dermatitis
Patients. Nutrients. 2018 Oct;10(10).

Rohl R, Taner C, Schweigert FJ, Wahn U, Grbber
C. Serum carotenoids and atopy among children of
different ethnic origin living in Germany. Pediatr
Allergy Immunol. 2010 Nov;21(7):1072-5.

Kake T, Imai M, Takahashi N. Effects of p-carotene
on oxazolone-induced atopic dermatitis in hairless
mice. Exp Dermatol. 2019 Sep;28(9):1044-50.
Takahashi N, Kake T, Hasegawa S, Imai M. Effects
of Post-administration of p-Carotene on Diet-
induced Atopic Dermatitis in Hairless Mice. ] Oleo
Sci. 2019 Aug;68(8):793-802.

Hiragun M, Hiragun T, Oseto 1, Uchida K,
Yanase Y, Tanaka A, et al. Oral administration of
B-carotene or lycopene prevents atopic dermatitis-
like dermatitis in HR-1 mice. J Dermatol. 2016
Oct;43(10):1188-92.

Drucker AM, Li W-Q, Park MK, Li T, Qureshi AA,
Cho E. Niacin intake and incident adult-onset
atopic dermatitis in women. Vol. 139, The Journal
of allergy and clinical immunology. 2017. p. 2020-
2022.e2.

Mertens E, Kuijsten A, Geleijnse JM, Boshuizen
HC, Feskens EJM, Van't Veer P. FFQ versus
repeated 24-h recalls for estimating diet-related
environmental impact. Nutr J. 2019 Jan;18(1):2.
Schatzkin A, Kipnis V, Carroll RJ, Midthune D,
Subar AF, Bingham S, et al. A comparison of a food
frequency questionnaire with a 24-hour recall for
use in an epidemiological cohort study: results
from the biomarker-based Observing Protein and
Energy Nutrition (OPEN) study. Int | Epidemiol
[Internet]. 2003;32(6):1054-62. Available from:
https://doi.org/10.1093/ije/dyg264

Mitry P, Wawro N, Six-Merker J, Zoller D,
Jourdan C, Meisinger C, et al. Usual Dietary
Intake Estimation Based on a Combination of
Repeated 24-H Food Lists and a Food Frequency
Questionnaire in the KORA FF4 Cross-Sectional

Mal ] Med Health Sci 17(4): 77-86, Oct 2021 85



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

41.

42.

43.

44,

45.

46.

47.

86

Study. Front Nutr [Internet]. 2019;6:145. Available
from: https://www.frontiersin.org/article/10.3389/
fnut.2019.00145

Shaheen MA, Attia EAS, Louka ML, Bareedy N.
STUDY OF THE ROLE OF SERUM FOLIC ACID IN
ATOPIC DERMATITIS: A CORRELATION WITH
SERUM IgE AND DISEASE SEVERITY. Indian ]
Dermatol. 2011 Nov;56(6):673-7.

Schmitt J, Langan S, Williams HC. What are the
best outcome measurements for atopic eczema?
A systematic review. ] Allergy Clin Immunol
[Internet]. 2007;120(6):1389-98. Available from:
http://www.sciencedirect.com/science/article/pii/
S0091674907015746

Matsui EC, Matsui W. Higher serum folate levels are
associated with a lower risk of atopy and wheeze. |
Allergy Clin Immunol. 2009 Jun;123(6):1253-9.e2.
Venter C, Meyer RW, Nwaru BI, Roduit C,
Untersmayr E, Adel-Patient K, et al. EAACI position
paper: Influence of dietary fatty acids on asthma,
food allergy, and atopic dermatitis. Allergy. 2019
Aug;74(8):1429-44.

Vavrova K, Kovatik A, Opalka L. Ceramides in the
skin barrier. Eur Pharm J. 2017;64(2):28-35.
Breiden B, Sandhoff K. The role of sphingolipid
metabolism in cutaneous permeability barrier
formation.  Biochim  Biophys Acta. 2014
Mar;1841(3):441-52.

Yen ST, Tan AKG, Feisul MI. Consumption of fruits

49.

50.

51.

and vegetables in Malaysia: profiling the daily and
nondaily consumers. Asia-Pacific ] public Heal.
2015 Mar;27(2):NP2635-50.

Othman Kl, Karim MSA, Karim R, Adzhan NM,
Halim NA. Consumption Pattern on Fruits and
Vegetables among Adults: A Case of Malaysia.
Acad J Interdiscip Stud. 2013;2(8):424-30.

Portal D of SMO. Supply and Utilization
Accounts  Selected Agricultural Commodities,
Malaysia 2013-2017 [Internet]. [cited
2021 Feb 7]. Available from:https:/www.
dosm.gov.my/v1/index.php?r=column/
cthemeByCat&cat=164&bul_id=ZE12RXM2SDM
1eGRXRXR3bUOXxRThrUT09&menu_id=Z0VTZG
UTUHBUT1VJMFIpaXRRROxpdz09

Kanki M, Yoda T, Tsukamoto T, Baba E. Histidine
decarboxylases and their role in accumulation
of histamine in tuna and dried saury. Appl
Environ Microbiol [Internet]. 2007/01/12. 2007
Mar;73(5):1467-73.  Available from: https://
pubmed.ncbi.nlm.nih.gov/17220267
Garcia-Larsen V, Morton V, Norat T, Moreira A,
Potts JF, Reeves T, et al. Dietary patterns derived
from principal component analysis (PCA) and
risk of colorectal cancer: a systematic review
and meta-analysis. Eur ] Clin Nutr [Internet].
2019;73(3):366-86. Available from: https://doi.
org/10.1038/s41430-018-0234-7

Mal ] Med Health Sci 17(4): 77-86, Oct 2021



