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Abstract: The antioxidant and anti-inflammatory effects of carotenoid have been determined to aid
in the prevention of a wide range of oxidative disorders, arteriosclerosis, obesity, and various types
of cancers. In order to keep high carotenoid levels in the body, much of the vegetable and fruit (V/F)
intake is mandatory. However, the actual intake of V/F is not enough in many countries. The aim
of this study was to assess whether brief dietary education using the Veggie Meter (VM) that could
measure skin carotenoid (SC) levels could induce the increase in carotenoid levels via V/F intake.
Two hundred and sixty-one elementary and junior high school students (ages 7-14 years old) received
brief educational session and SC evaluation by VM, and the changes in SC levels were examined after
6 months. The baseline VM scores ranged from 131 to 825, and the average significantly increased
from 400.0 =+ 124.7 (standard deviation) to 447.4 & 140.4 at Month 6 (p < 0.0001). The percentage of
increase at month 6 was negatively correlated with the baseline values (r = —0.36, p < 0.0001). This
finding implies that subjects who became aware of their inferiority tended to make a significant effort
to change their behavior. The multivariate logistic regression analysis demonstrated that subjects
taking much of green and yellow vegetables, drinking vegetable/tomato juice, and eating any fruit
had higher VM scores than the average value. In conclusion, the educational approach using VM
was supposed to be an effective method of raising awareness of the V/F shortage and increasing V/F
intake that could indue the increase in SC levels.

Keywords: skin carotenoid levels; elementary and junior high school students; Veggie Meter; dietary
education; green and yellow vegetables; vegetable/tomato juice

1. Introduction

Carotenoids are organic pigments produced by plants and algae and have a basic struc-
ture made up of 8 isoprene molecules and 40 carbon atoms. The number of double bonds
can vary between 9 and 11, depending on the carotenoid species. The conjugated carbon
chains of carotenoids quench singlet oxygen and other radical species [1-3]. Carotenoids
have antioxidant and anti-inflammatory effects in the bodies of organisms [4,5]. Humans
cannot synthesize carotenoids [6]; thus, they must obtain them from foods such as vegeta-
bles, fruits, eggs, and pink- or red-fleshed seafood. Humans consume about 30 carotenoids
in their diet. The antioxidant and anti-inflammatory effects of carotenoid have been de-
termined to aid in the prevention of a wide range of oxidative disorders, arteriosclerosis,
obesity, and various types of cancers [7]. The human eye has three carotenoids, namely
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lutein, zeaxanthin, and meso-zeaxanthin, which work to maintain healthy vision and pre-
vent age-related macular degeneration by absorbing blue light and exerting an antioxidant
effect [8,9].

In order to provide sufficient carotenoids, the consumption of generous amounts
of vegetables and fruits, major sources of carotenoids, is required. Much intake of veg-
etable and fruit (V/F) is effective to prevent hypertension, overweight and obesity in
children [10,11], and lifelong V/F consumption is inversely associated with the incidence of
chronic diseases, including diabetes, hypertension, coronary heart diseases and cancers [12].
Therefore, establishing healthy dietary habits in childhood is potentially important. Health
organizations in many countries have set target values for vegetable and fruit intake (V/F
intake). For instance, in Japan, the Ministry of Health, Labour and Welfare recommends at
least 350 g of vegetables per day in its health promotion project titled “Health Japan 21 (the
second term)” [13]. Nonetheless, the average Japanese vegetable intake was merely 280.5 g
(288.3 g for males and 273.6 g for females, as per National Health and Nutrition Survey
2019), and this shortage was remarkable, particularly in younger generations aged 20—40.
Many countries report vegetable and fruit shortages [14].

In this token, accurate estimation of the quantity of V/F intake is important as a first
step. There are several methods to assess V/F intake, including diet record, diet recall, food
frequency, diet history, and duplication methods, but each has its own advantages and
drawbacks. However, a possible problem associated with this approach is that intimate
assessments take time, labor, and cost, whereas simple assessments are deemed inaccu-
rate. Measuring biomarkers is an alternative method of assessing V/F intake, and blood
carotenoid concentration is one of the useful biomarkers for V/F intake [15-19]. Although
plasma or serum carotenoid concentrations can be accurate measures, taking blood samples
is mildly invasive and costly. In addition, it is undoubtedly difficult to apply the blood
sampling approach to subjects like children and large-scale studies. On the other hand, the
measurement of skin carotenoid (SC) levels is known to be a non-invasive rapid screening
alternative that can be conducted using resonance Raman spectroscopy (RRS) or reflec-
tion spectroscopy (RS) methods [20-25]. There are various types of carotenoids in human
skin, including lycopene; alpha-, beta-, gamma-, and delta-carotene; beta-cryptoxanthin;
lutein; and zeaxanthin. Previous studies have shown that SC levels measured by RRS
and RS are highly correlated with blood carotenoid concentrations, as measured by high-
performance liquid chromatography (HPLC) [26]. Furthermore, a close association between
RRS measurement and skin biopsy specimen was validated [27,28]. According to previous
studies [23,29], SC levels reflect dietary intake in the previous 2—4 weeks. The draw-
backs of RRS are the expensive cost of laser excitation and the highly sensitive detection
schemes required to measure the Raman signals of carotenoid vibration. In contrast, a
pressure-mediated RS (Veggie Meter, Longevity Link Corporation, Salt Lake City, Utah)
is a relatively new device that can measure SC levels with less complexity and cost than
an RRS. The measurements are displayed as a Veggie Meter (VM) score (arbitrary unit).
It has been confirmed that the VM can be used in public health studies as well as studies
with preschool and school children [30-34], where the validity was ensured through the
associations between RS measures and dietary carotenoids, V/F intake as calculated from a
validated food frequency questionnaire, and plasma carotenoids [35,36]. Thus, quantifying
V/F intake using a VM can raise dietary awareness and may promote the efficiency of
dietary education even in children. The aim of this study was to assess the effectiveness
of brief dietary education using the VM for students aged 7-14 years in elementary and
junior high school and to investigate the increase in carotenoid levels.

2. Subjects and Methods
2.1. Subjects
In this study, students in the second and fifth grades of elementary school and first and

second grades of junior high school at the Faculty of Education at the Shizuoka University
in Hamamatsu were surveyed, and 261 out of 353 students were included (129 boys and
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132 girls). The subjects in the second elementary, fifth elementary, first junior high, and
second junior high grades were 7 or 8 years old, 10 or 11 years old, 12 or 13 years old, and
13 or 14 years old, respectively.

2.2. Methods

Just prior to the start of this study, homeroom teachers explained the abstract of this
study to students, including the outlines of scientific research work, the objectives and
significance of this study, and the actual methodology, and they delivered informed consent
forms for parents and assent forms for children to all students. A dietary survey form
was also distributed. The students handed them over to their parents at home. Students
were only enrolled in this study if their parents agreed to participate and returned signed
consent forms to their classroom teachers.

Before the SC levels were measured on the first day of the examination, a registered
dietitian talked briefly (approximately 10 min) to all students in elementary school class-
rooms and via intranet monitor in junior high school about the importance of V/F intake for
health and the method to measure SC levels. During this dietary education, the registered
dietitian explained the following topics. (1) Vegetables and fruits are rich in many nutrients
that are beneficial to one’s health. (2) This study examines the state of students” V/F intake
and makes subjects aware of their situation. (3) The V/F intake state was assessed 3 and
6 months after the baseline. (4) Subjects with low SC levels, indicating a shortage of V/F
intake, were advised to take more V/F. (5) SC level, even if low, does not indicate poor
health, and numerical does not indicate any inferiority or superiority of personal ability.
(6) Subjects can withdraw from this study at any time.

All students were given a report paper with their VM score and rank in their grade
(Figure 1a), as well as a flyer explaining the importance of a balanced diet with a 350 g
vegetable figure (Figure 1b).

Date : day/month/year

Veggie Score

XXX

Veggie Score Judgement

A @ (>=507) Excellent

Please continue the present diet.

(396 - 506) Doing well
Please take vegetables effectively considering good recipes.
(exp. Nutrients of green yellow vegetables are absorbed well with n-3 fatty acids.)

(311-395) Average of Japanese, but still a little short
Please add one cup of vegetable cooking like salad and boiled pumpkin.
[) @ (240-310) Shortage of vegetables
. Please take variety of vegetables as salad, boiled, fried, and steamed vegetables every day.
E Q (<=239) Severe shortage of vegetables
Please try to increase vegetable taking gradually.

(a)

Figure 1. Cont.
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Target of vegetable intake per day is 350 grams

* Vegetables contain various nutrients such as vitamins, minerals, dietary
fibers that are necessary to keep good body condition.

- Sufficient vegetable taking associates with the prevention of lifestyle
diseases such as cancer, brain and heart attack.

,’n’+”“

Light coloured )

Green and yellow vegetables full of both Vegetables of both

vegetables full of both

hands X2 = hand x3
' hands Mushroom Seeweed,Cabbage, 3 50
Spinach,Komatsuna,Carrot, Cauliflower,Chinease g

Pumpkin,Broccoli, Tomato, etc cabbage, Celery,Lotus root, etc

J
In order to take balanced diet, \
be conscious to combine staple diet, i
and side dish
: Staple diet : foods made of cereals like rice, bread, noodle

Main dish : cooking of fish, meat, egg, beans

Side dish : cooking of vegetables, potato, seaweed ‘

v

(b)

Figure 1. (a) A report used to inform the results. (b). A flyer describing the amount of vegetables and
the importance of balanced diet. The original paper was written in Japanese.

All students” VM scores were ranked into five levels for easy understanding of their
current status when compared to others’ scores. In addition, a short comment was included
with each rank in the paper to encourage subjects. The ranking was determined using our
previous data on 985 subjects [37], and the subjects were then classified into five groups of
every 20% distribution. The highest 20% of subjects (rank A) had a veggie score greater
than 507, the second highest group (B) had a score between 396 and 506, the third group
(C) had a score between 311 and 395, the fourth group (D) had a score between 240 and 310,
and the lowest group (E) had a score less than 239. Students were instructed to show their
parents these reports, which can help parents understand their child’s state.

SC levels were measured three times: at the baseline, 3 months later, and 6 months
later. The date of examinations as well as the weather of the day is shown in Table 1. A
dietary survey was conducted at the first and third examinations.

This study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Institutional Review Boards of Seirei Hamamatsu General Hospital
(No. 3601) and Tokoha University (No. 2021-002H).
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Table 1. Examination dates and conditions.

Elementary School Baseline Examination Second Examination Third Examination
Date 1 June 2021 15 July 2021 30 November 2021
Weather Clear Clear Clear
Temperature (°C) 26.2 26.8 21.2
Humidity (%) 442 53.8 42.5
Junior High School
Date 11 May 2021 6 July 2021 10 November 2021
Weather Clear Clear Clear
Temperature (°C) 23.5 29.0 184
Humidity (%) 42.5 65.8 39.8

Conditions were measured in the examination room.

2.3. Measurement of Skin Carotenoid Levels

The SC levels were measured using the VM according to the manufacturer’s instruc-
tions. The principles of this device have been described elsewhere [23]. Briefly, VM detects
dermal carotenoids that are highly correlated with serum carotenoid concentrations mea-
sured by HPLC [26]. Serum or plasma carotenoid concentrations are well-established as
biomarkers of V/F intake [15-19]. Therefore, the SC levels measured by VM can well serve
as a biomarker for V/F intake [35,36].

All measurements were taken using the same VM. Before measuring each class, cali-
bration was performed with the provided dark and white reference materials. There were
two classes in one grade of elementary school and three classes in one grade of junior
high school. All subjects washed their hands with soap and disinfected their fingers with
disinfectant. The researcher then checked the subjects’ hands and found no contamina-
tions. The subjects then inserted their finger into the device’s finger cradle and had the
tip pushed against the convex contact lens surface with the help of a spring-loaded lid.
The modest pressure applied to the fingertip reduced the blood perfusion of the measured
tissue volume, preventing the strongly absorbing blood from interfering with the measure-
ment of SC levels. The middle finger of the left hand was measured in the fifth grade of
elementary school and both grades of junior high school, while the thumb of the left hand
was measured in the second grade of elementary school. The VM score was calculated as
the average of three consecutive measurements. Examinations were conducted in a dimly
lit room away from the window to avoid direct sunlight. Measurements were completed
in a classroom setting with minimal disruption to regular instruction. The percentage of
increase in VM scores at month 6 was calculated as follows: (VM score at Month 6 — VM
score at baseline)/ VM score at baseline.

2.4. Dietary and Life Habitual Survey

Parents completed the survey form based on their own considerations while also
discussing with their children as deemed appropriate. The contents of the form are shown
in Table 2. As shown in the table, several answer choices were adapted.
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Table 2. Dietary and life habitual survey and Veggie Meter scores.

Results at the Baseline Results at 6 Months Later
. . Veggie Meter Score . ..p-Value Veggie Meter Score ... p-Value
Question Choices . Min-Max (Significantly Different . Min-Max (Significantly Different
No. of Subjects Median Pair in Post Hoc) No. of Subjects Median Pair in Post Hoc)
Mean =+ Standard Deviation Mean =+ Standard Deviation
147-761 160-777
1, No 30 360 27 321
381.0 £ 155.5 371.5 £ 155.7
- 217-736 151-833
Q1 Does your child like 2, Neither yes nor no 78 381 0262 81 427 0.001
vegetables? 389.6 + 111.1 4411 £ 1395 (1-2,1-3)
131-825 189-870
3, Yes 138 403 139 462
409.6 + 125.1 465.9 + 133.8
223-398 160-440
1,<1 3 331 9 288
3174 £88.3 2739 + 86.9
136-698 197-821
2,1-2 67 335 77 407
How many vegetables did 360.3 + 116.4 4219 £ 134.1
your child eat daily in these 217-825 0.014 151-870 <0.0001
Qz.l 2 weeks? Answer the number 3, 34 89 406 (2_3) 113 455 (1_2/ 1_3/ 1_4, 1_5)
of cups. One cup contains 416.0 £ 127.1 459.4 £+ 139.0
70 g of vegetables.
131-723 190-777
4,5-6 45 437 37 431
4259 + 130.6 473.6 +126.3
166-701 375-798
5>7 45 397 9 505
407.2 £ 116.2 561.4 + 1423
260-391 160-440
1,<1 6 321 10 290
319.1 £439 286.8 +77.5
136-698 180-545
2,1-2 26 303 30 338
How many green and yellow 4
vegetables did your child eat 3129 £ 1174 3653 + 100.0
Q2 daily in these 2 weeks? 145-602 <0.0001 197-821 <0.0001
’ Answer the number of cups. 3,34 72 372 (2-3,2-4, 2-5,3-5) 89 421 (1-3,1-4, 1-5, 24, 2-5)
One cup contains 70 g of 377.4 £93.9 438.4 £+ 127.2
vegetables. 131-761 151-870
4,5-6 72 398 89 462
419.6 + 138.8 477.9 + 146.9
218-825 190-798
5>7 72 429 29 523

4435+ 1214 5223 +£131.3
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Table 2. Cont.

Results at the Baseline

Results at 6 Months Later

. . Veggie Meter Score . ..p-Value Veggie Meter Score ... p-Value
Question Choices No. of Subiect Min-Max (Significantly Different No. of Subjiect. Min-Max (Significantly Different
0. of Subjects Median Pair in Post Hoc) 0. of Subjects Median Pair in Post Hoc)
Mean =+ Standard Deviation Mean =+ Standard Deviation
147-761 197-675
1, No 34 330 21 361
31 Did your child eat an}; fruit in 3419 + 112.1 0.003 376.8 £ 123.7 0011
these 2 weeks? 131-825 151-870
2, Yes 215 398 223 437
409.2 + 1244 454.7 + 140.6
131-825 159-821
1, No 158 371 91 413
Q32 Did your child eat Citrus 383.5 £ 120.0 0.008 421.2 £1375 0.022
’ unshiu in these 2 weeks? 145-723 ' 151-870 '
2, Yes 91 425 157 451
428.7 +128.2 462.2 +140.7
How often did your child
Q4 drink the following beverages
in the last 2 weeks?
131-825 180-870
1, Almost none 181 370 165 417
380.2 + 116.0 423.1 £+ 130.5
242-723 160-833
2, Once a week 35 426 30 403
431.6 £ 126.1 441.1 £+ 146.8
- <0.0001 <0.0001
Vegetable/tomato juice 295685 (1-3, 1-4) 300-821 (1-3, 1-4, 2-4)
3,3-4 times a week 15 538 29 486
495.6 + 1294 502.8 + 129.4
325-761 151-783
4, Daily 10 533 20 589
528.3 + 1304 570.2 + 154.5
131-825 151-870
1, Almost none 234 387 228 431
403.0 + 124.8 447.1 +138.1
156-515 247-712
o 2, Once a week 4 356 5 370 0.035
Green juice 345.8 - 164.1 0.232 445.3 +197.8 (i—3)
197-396
3, 3-4 times a week 1 260 4 281
288.6 +92.7
4, Daily 0 - 0 -
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Table 2. Cont.

Results at the Baseline

Results at 6 Months Later

. . Veggie Meter Score . ..p-Value Veggie Meter Score ... p-Value
Question Choices . Min-Max (Significantly Different . Min-Max (Significantly Different
No. of Subjects Median Pair in Post Hoc) No. of Subjects Median Pair in Post Hoc)
Mean =+ Standard Deviation Mean =+ Standard Deviation
136-825 151-870
1, Almost none 165 388 174 438
405.9 £+ 127.0 446.4 + 143.1
145-685 242-783
2, Once a week 57 380 52 408
. 391.8 £ 120.0 441.3 £ 1345
Orange juice 0.561 0.980
131-597 200-713
3, 3-4 times a week 17 342 9 407
372.7 £120.9 450.8 £+ 154.1
391-523 313-563
4, Daily 2 457 3 336
457.0 404.1 +£138.3
131-736 151-833
1, Almost none 147 382 145 428
390.7 £ 120.2 438.2 + 140.1
156-718 200-777
2, Once a week 65 393 59 426
Other fruit iui 398.5 +120.3 0.019 436.3 +132.3 0178
er fruit juice 1 .
) 282698 (1-4,2-4) 313-727
3,34 times a week 22 375 26 419
419.6 + 124.6 479.4 £ 1354
342-825 266-870
4, Daily 9 523 11 541
5459 + 175.3 526.4 + 192.6
131-825 151-870
1, No 232 385 235 428
398.9 + 124.1 446.1 +139.3
261-586 280-538
. . 2, Occasionally 8 386 5 327
. Did your child take 398.9 £ 108.1 398.5 £ 128.1
ini 0.328 0.257
S”pplemﬂtjﬁ?mammg 340-565 288-821
: 3, Sometimes 3 468 4 518
4574 + 1129 536.1 +218.4
246-761 603,
4, Daily 5 393 2 626
440.0 £+ 203.5 614.5
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Table 2. Cont.

Results at the Baseline

Results at 6 Months Later

. . Veggie Meter Score . ..p-Value Veggie Meter Score ... p-Value
Question Choices . Min-Max (Significantly Different . Min-Max (Significantly Different
No. of Subjects Median Pair in Post Hoc) No. of Subjects Median Pair in Post Hoc)
Mean + Standard Deviation Mean + Standard Deviation
1, Seldom 0 - 0 -
2, Less than half of 3 13%;90 6 15;6910
the week
255.8 + 202.6 331.2 +150.4
6 D hild eat breakfast? 166-761 0.004 232-821 0.028
Q oes your child eat breakfas 3, Motr}f than l}:alf of 1 40 (2-3,2-4) 7 327 (2-4)
€ wee 383.0 + 176.1 4224 42129
136-825 160-87-
4, Everyday 234 390 234 434
402.6 + 120.8 451.2 +137.3
1, More than
twice a day 0 ) ! 389
2, Once a day 1 248 1 484
3, 4-6 times a week 1 760 0 -
Q7.1 How often Cioestg’our child 156-718 0.096 151-821 0.947
cat outt 4,1-3 times a week 76 381 80 426
3943 + 111.7 448.1 + 158.8
131-825 190-870
5 Less than 170 388 162 48
wi 401.8 +127.8 4455 + 132.6
1, More than 0 _ 0 _
twice a day
2, Once a day 0 - 0 -
3, 4-6 times a week 1 459 1 820
Q2 How often does your child 131761 0.194 160-833 0.133
eat take-out meals? 4,1-3 times a week 111 373 115 428
388.2 + 131.1 4453 + 1404
166-825 151-870
5 Less than 137 386 131 8
wi 409.2 +119.3 446.5 + 138.0
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Table 2. Cont.

Results at the Baseline

Results at 6 Months Later

. . Veggie Meter Score . ..p-Value Veggie Meter Score ... p-Value
Question Choices . Min-Max (Significantly Different . Min-Max (Significantly Different
No. of Subjects Median Pair in Post Hoc) No. of Subjects Median Pair in Post Hoc)
Mean =+ Standard Deviation Mean =+ Standard Deviation
166-825 151-712
1, Much 9 490 16 471
455.1 + 205.4 438.3 + 165.4
145-761 190-870
. 2, Some 124 386 117 420
Does your child show 397.5 + 122.6 443.8 + 145.6
Q8 appearance or feeling of 0.233 0.755
any stress? 131-723 160-833
3, Little 76 366 74 430
384.6 +121.7 450.2 + 1264
261-736 230-777
4, No 40 412 38 466
424.8 +112.3 464.2 + 146.6
218-536 215-610
1, Less than follows 26 328 27 411
358.3 +99.5 4019 + 114.1
145-736 151-833
2, Once a week 66 383 57 437
396.4 + 1279 4499 + 155.5
. 131-761 160-821
Q9.1 How Ofteé‘xgr"cei: o child 3, 3-4 times a week 100 383 0.288 98 448 0.444
: 402.2 +£129.3 458.6 + 149.6
225-701 307-646
4, Every day 26 402 27 453
411.0 £ 126.3 463.1 £+ 106.9
5, Playing competitive 228-825 247-870
el b vs 22 441 39 411
spor 440.9 + 129.0 440.6 + 1283
156-736 225-833
1, No 47 380 53 413
Q9.2 Is your child’s exercise time 398.7 + 1347 0283 451.3 +£152.0 0.700
more than 1 h? 136-825 151-821
2, Yes 105 406 107 461
417.6 +£121.1 457.1 +£133.9
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Table 2. Cont.

Results at the Baseline

Results at 6 Months Later

. . Veggie Meter Score . ..p-Value Veggie Meter Score ... p-Value
Question Choices . Min-Max (Significantly Different . Min-Max (Significantly Different
No. of Subjects Median Pair in Post Hoc) No. of Subjects Median Pair in Post Hoc)
Mean =+ Standard Deviation Mean =+ Standard Deviation
156-530 180484
1, Less than 30 min 8 340 15 307
358.7 £129.0 3379 +103.4
131-825 151-870
2, Less than2 h 119 363 234 442
376.4 +119.0 454.4 +139.7
H h d 217-736
Qo T spendoutside? 3 Lessthan3h 71 407 0.017 0 : 0.001
P ' 419.1 + 1248
248-723
4, Less than4 h 40 431 0 -
435.7 +114.8
5, Equal or 256-761
han 4 h 11 386 0 -
more than 4333 £1727
~ L Tamnot_ 4 3221318 0 )
interested in it. 465.8 + 1753
2, T have some interest 145-736 200-833
but am not going to 32 336 27 445
improve it. 364.6 +122.9 448.8 + 160.2
3, I will improve it 7 1%;?7)61 79 162,;;83
ithin 6 months
wi - 368.0 £ 117.7 434.1 + 1476
a1 : 242-698 151-663
Q11 What do you think about the 4 I.VI?.H 11m provlei it 28 434 0.013 29 411 0.064
dietary habits of your child? within 1 month. 433.1 +130.3 (3-7) 4144+ 117.3 :
5, I have improved for 16ZI§25 47 192_?61
less than 6 months 3 >
: 419.3 £ 131.7 444.4 + 1239
6, I have improved for 40 222;356 38 1825127
than 6 months
more : 399.5 £ 106.6 4485 + 1272
7,1don’t feel any
necessity to improve 218-723 215-870
since I have alread 38 431 z 486
. ready 4427 +128.6 528.8 + 149.2
improved it.
166-57 190-711
1, Yes 24 403 24 391
Q12 Does anyone in your 372.5 +110.7 0276 398.4 4+ 139.5 0043
family smoke? 131-825 ’ 151-870 ’
2, No 224 384 223 431
402.8 +126.3 453.3 + 140.0
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2.5. Statistical Analyses

The VM scores were compared between two categories using the unpaired Student’s
t-test and between three and more habitual categories using one-way analysis of variance
(ANOVA), with multiple comparisons adjusted using Bonferroni’s method. Changes in
VM scores with time were tested by one-way repeated ANOVA with multiple compar-
isons adjusted using the Bonferroni’s method after the logarithmic transformation of VM
scores. The correlations between two numerical categories were performed using Pear-
son’s correlation test. A multivariate logistic regression analysis was performed, with
the dependent variable “whether VM score was above the baseline average (400) or not”
and the 15 independent variables: grade, body mass index (BMI) percentile, vegetable
preferences (like, dislike, or neither), the number of vegetable cups taken (five cups or more
a day or fewer than that), the number of green and yellow vegetable cups taking (three
cups or more a day or fewer than that), taking any fruit in the previous 2 weeks (yes or
no), taking Citrus unshiu in the previous 2 weeks (yes or no), the frequency of drinking
vegetable/tomato juice (three times and more a week or less than that), the frequency of
drinking 100% orange juice (three times or more a week or less than that), the frequency of
drinking fruit juice other than orange (three times or more a week or less than that), the
frequency of eating outdoors (four times or more a week or less than that), the frequency of
eating take-out meals (four times or more a week or less than that), feeling of any stress
(yes or no), improving the child’s dietary habits by parents (yes or no), and smoking by
family members (yes or no). Subsequently, the optimal model to describe whether the VM
score was above average (400) or not was selected from all possible 2!°> combinations of
the variables (i.e., round-robin method) based on the second-order bias-corrected Akaike
Information Criterion (AICc, the corrected form of the AIC) index. The AICc was used
because it provides an accurate estimation even when the sample size is small [38]. Subjects
who did not respond to any of the 15 questions were excluded from the analyses. Statistical
analyses were performed using the IBM Statistical Package for the Social Sciences software,
version 25, and the R software, version 4.1.3, and a p-value of less than 0.05 was considered
statistically significant.

3. Results
3.1. Baseline Characteristics of the Included Subjects

Eleven subjects received two measurements, and one subject received only one mea-
surement because they were absent from school on the examination days. In 249 subjects,
three consecutive measurements were achieved, and further analyses were performed on
these subjects. The baseline characteristics of the 249 subjects are shown in Table 3.

3.2. Baseline VM Scores

The baseline VM scores are shown in Figure 2 and Table 4. The VM scores ranged
from 131 to 825 (median, 386), with an average of 400.0 and a standard deviation of 124.7.
VM scores distributed with a slight skew to higher levels, which is consistent with our
previous findings in adults [37]. No statistically significant difference was noted in the
VM scores between male and female (p = 0.557, t-test). The VM scores of the second
grade of elementary school students were significantly higher than those of the fifth grade
of elementary school students and the second grade of junior high school students and
tended to be higher than those of the first grade of junior high school students (p = 0.005;
one-way ANOVA, p = 0.006, 0.039, and 0.068, respectively; Bonferroni’s test). There was no
significant correlation between VM scores and percentile of BMI (r = —0.004, p = 0.955).
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Table 3. Baseline characteristics of the included subjects.

Height Body Weight .
Number Age Sex, Number Min-Max, Min-Max, Body Mass Index Percentile of Body
Grade . . A A Max-Min, Mass Index
of Subjects (Years) of Subjects Median, Median, Mean + SD Min—Max. Median
Mean + SD (cm) Mean =+ SD (kg) 4
112.0-130.0 19.0-30.0 12.8-20.1 0.7-96.3
2nd, Male, 28 122.0 23.0 15.4 43.7
elementary 60 7,8 121.8 + 4.2 233428 157 £ 1.7 46.7 £29.5
116.0-137.0 19.8-29.5 13.1-18.7 3.6-90.8
Female, 32 122.5 23.0 15.1 39.2
123.0 + 45 231+23 153+ 1.3 413+235
128.0-150.0 24.0-48.1 13.4-24.9 0.8-96.2
5th, Male, 27 139.0 31.0 16.1 38.1
elementary 53 10,11 138.8 + 5.2 327456 170 +2.7 448+295
127.0-152.0 26.0-40.0 13.7-19.9 3.2-85.7
Female, 26 140.0 29.6 159 32.2
139.8 + 6.2 31.1+42 159+ 15 320+ 215
137.0-175.0 28.0-62.0 13.7-25.8 0.23-96.3
Ist, Male, 30 155.0 23 17.4 35.9
junior high 56 12,13 155.0 + 8.8 43.6+88 180 +2.7 40.9 + 359
136.0-162.7 28.0-68.0 15.1-28.7 5.5-99.1
Female, 26 151.0 414 18.7 53.0
1509 + 6.1 434+83 189 +2.9 50.2 + 26.0
137.0-174.0 31.0-60.0 14.2-22.4 0.27-85.4
2nd, Male, 39 160.0 48.0 18.8 46.4
junior high 80 13,14 160.2 £ 8.0 474+74 184 +21 4214274
143.0-169.0 33.0-56.0 14.9-24.9 1.4-943
Female, 41 155.0 443 18.6 40.2
155.1 4+ 5.2 451+55 188 +2.3 41.7 265
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Figure 2. A histogram of the Veggie Meter scores of 249 students. The scores show a slight skew
toward higher levels.

3.3. The Change in VM Scores from Baseline to Month 6

At month 6, VM scores were noted to increase by more than 10% from the baseline
value in 136 subjects (55%) and decreased by more than 10% in 44 subjects (28%). The
change in VM scores between baseline and month 6 was within 10% in 69 subjects (28%).
The change in VM scores is shown in Table 5. In addition, VM scores increased with time
and were significantly higher at months 3 and 6 than at baseline (p < 0.0001, one-way
repeated ANOVA,; all p < 0.0001, Bonferroni’s test).
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Table 4. Baseline Veggie Meter scores of subjects who achieved three consecutive measurements.

Number of Subjects Min Max Median Mean Standard Deviation
Overall 249 131 825 386 400.0 124.7
Male 124 131 761 406 404.7 125.7
Female 125 136 825 373 395.4 124.0
Second grade, elementary
Both 60 136 736 445 448.0* 133.6
Male 28 248 718 438 450.0 127.8
Female 32 135.6 735.8 467 446.4 140.5
Fifth grade, elementary
Both 53 131 592 346 370.7 110.7
Male 27 131 586 385 393.9 124.2
Female 26 156 592 337 346.6 91.0
First grade, junior high
Both 56 166 761 383 390.0 109.1
Male 30 166 761 395 393.2 117.7
Female 26 242 577 371 386.3 100.6
Second grade, junior high
Both 80 218 825 353 390.6 129.0
Male 39 218 723 353 388.7 128.5
Female 41 223 825 353 3924 131.2

* Significantly higher than fifth grade elementary (p = 0.006) and second grade junior high (p = 0.039), significantly
higher than fifth grade elementary (p = 0.013) (one-way ANOVA, Bonferroni’s test).

Table 5. Veggie Meter scores of 249 students at three measurement points.

Baseline Month 3 Month 6
Min-max 131-825 145-903 151-870
Median 386 413 428
Mean 400.0 436.0 * 4474 %
Standard deviation 1247 136.3 140.4

* Significantly higher than the baseline (p < 0.0001) (one-way ANOVA, Bonferroni’s test).

Figure 3 depicts the ranking distribution at three different time points. Subjects with
Rank A increased with time, while subjects with Rank C and D decreased. The percentage of
increase in VM scores at month 6 had a significantly negative correlation with the baseline
values (r = —0.36, p < 0.0001, Figure 4). Figure 5 depicts the percentage of increase based on
five ranking levels. The percentage of increase in Rank D and C subjects was significantly
higher than that of Rank A subjects (p < 0.0001, one-way ANOVA; p = 0.001 and <0.0001,
respectively, Bonferroni’s test).
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Figure 3. The ranking distribution of Veggie Meter score at three time points. The specifics of each
rank were depicted in Figure 1a.
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Figure 4. The correlation between baseline Veggie Meter score and percentage of increase in the
scores. The percentage of increase had a significantly negative correlation with the baseline values
(r=—0.36, p <0.0001).
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Figure 5. The percentage of increase in Veggie Meter score based on five baseline rankings. The
percentage of increase in subjects with Rank D and C was significantly higher than subjects with
Rank A (p < 0.0001, one-way ANOVA, p = 0.001 and <0.0001, Bonferroni’s test).

3.4. The Correlation between VM Scores and Dietary and Life Habitual Surveys

The results of dietary and habitual surveys are shown in Table 2. The VM scores for
each question were statistically analyzed, and p-values are shown in Table 2.

Table 6 demonstrates the significant variables in the multivariate logistic regression
models with model selection of factors potentially associated with VM scores greater than
the average baseline value. The model identified three factors that had significant positive
associations with high VM scores, that is, drinking vegetable/tomato juice three times
or more a week, eating fruit in the previous 2 weeks, and taking three cups or more of
green and yellow vegetables daily, while the grade was correlated negatively with high
VM scores. Furthermore, eating Citrus unshiu in the previous 2 weeks and improvement of
the child’s dietary habits by parents showed no significant association, and the other nine
factors were not included in the analysis.

Table 6. Significant variables in the multivariate logistic regression analysis with model selection for

factors exceeding the average Veggie Meter score.
Regression Coefficient p Odds Ratio 95% Confidence Interval
Grade —0.28 <0.0001 0.76 0.66, 0.87
Eating three cups or more of green and 1.06 0.0029 2.89 1.44,5.82
yellow vegetables daily
Eating fruit in the last 2 weeks 1.26 0.0386 3.54 1.07,11.72
Drinking \fegetable or tomato juice three 1.99 0.0019 730 2.08, 25.56
times or more a week

Eating Citrus unshiu in the last 2 weeks 0.50 0.1361 1.64 0.86, 3.16
Improving the dietary habits of the child 053 0.1064 1.70 0.89,3.25

by parents
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4. Discussion

In this study, we have assessed the effectiveness of brief dietary education using the
VM to increase SC levels. In this educational program, we provided students and their
parents with brief information on the importance of V/F intake for health promotion as
well as their VM scores, which represent their current carotenoid intake. As a result, in
the repeated measures, VM scores showed a significantly increasing trend, which only
indicates the usefulness of this educational approach in terms of improving dietary habits.
Furthermore, we found that eating green and yellow vegetables and fruits and drinking
tomato/vegetable juice were associated with greater VM cores than the average. This result
seems reasonable because green and yellow vegetables and fruits are the primary sources
of carotenoids in the human diet, and tomato/vegetable juice was thought to be a useful
carotenoid supplier.

Persistent behavior change is challenging in general, especially when it comes to
dietary habits. Personal counseling, e-mail or telephone counseling, seminars, group
discussions, posters, flyers, menu changes in cafeterias, and various strategies in grocery
stores have all been proposed to improve V/F intake [39], and studies using these methods
have shown an increase in V/F intake [40—44]. Among these, personal counseling based
on dietary assessment was suggested to be an effective method, but it is obviously time-,
labor-, and cost-consuming. Although group seminars can provide a large population
with knowledge of a healthy diet at one time, their effectiveness is limited. Recently, an
online personal education program using a smartphone has been tried in the workplace
and school [31], but the use of such an education program has not been widely adopted.
In contrast, VM can easily quantify V/F intake, allowing subjects to understand their
current state of V/F intake as the VM score. In addition, the comparison with other subjects
provided a clear awareness of the shortage of V/F intake to subjects with low scores.
The percentage of increase in VM scores at month 6 was found to be inversely correlated
with the baseline VM scores. This result implies that subjects who become aware of their
inferiority tended to make significant efforts to change their behavior. Thus, quantifying
V/F intake using the VM scores is an effective approach to motivate V/F intake.

There have been several studies that used SC level measurement in dietary education
in children. For one, Bakiri-T et al. [31] reported an increase in vegetable consumption as
a result of the VM intervention, but no VM score details were provided. Jones et al. [34]
reported an increase in VM scores between the baseline and second measurements but did
not show a continuous increase at the third measurement. The other two studies failed to
show an increase in SC levels and V/F intake [30,45]. We could show a gradual increase
in VM scores in three consecutive measurements in children using the VM intervention.
According to these previous studies, we considered some possible explanations for the
present successful increase in VM scores. First, the goal of this project was to motivate
not only students but also parents to take a lot of V/E All students in this present study
lived with their parents and ate meals prepared by their guardians. The elementary school
students ate school lunch, and junior high school students ate “bento” for lunch on Monday
to Friday. It was speculated that the letter to parents changed their perceptions, resulting in
increased V/F intake. Indeed, a previous study by Bakirci-Taylor et al. [31] showed that
parents” awareness can have a significant effect on their children’s V/F intake (3-8 years
old). On the other hand, Hopkins [30] failed to increase SC indices in high-school students,
but the relatively young age of the present subjects was consistent with the previous study
by Bakirci-Taylor et al. This may be because students in higher grades, such as high school
and university, have more chances to eat out and tend to eat with their own preference than
elementary and junior high school students. It was assumed that the current subjects would
follow their parents” advice. Second, body shape uniformity was considered another factor.
The number of obese subjects was small. In adults, VM scores were inversely correlated
with BMI [37,46], but no significant correlation was shown between VM scores and BMI
percentile in children. Dietary changes could easily increase VM scores in the present
subjects without obesity. Third, the present subjects were students from elementary and
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junior high schools of the Faculty of Education, National University Corporation, Shizuoka
University. Generally, legal residents in Japan can enter public elementary and junior high
schools without any restriction, but the present subjects passed the entrance examination
to this reputable school and were judged to have higher intellectual levels than the average.
Most of the subjects belong to relatively wealthy families, and their parents are thought to
be concerned about their children’s education and health. Therefore, students and parents
well understood the value of vegetables and changed their behavior.

The multivariate logistic analysis revealed that odds ratios for achieving VM scores
higher than the average (400) were 7.30 when drinking vegetable /tomato juice three times
or more a week, 3.54 when taking any fruits, and 2.89 when taking three cups or more of
green and yellow vegetables per day. The investigation into the correlation between V/F
intake and VM scores in children has not fully been proven. Martinelli et al. [32] showed a
significant positive relationship between vegetable intake and VM scores, but not between
green vegetable and fruit intake and VM scores. May et al. [33] showed no correlation
between vegetable intake and VM scores. In contrast, Pitts et al. [35] showed a significant
correlation between VM scores and carotenoids and V/F intake estimated by food frequency
questionnaire. Rush et al. [36] found positive correlations between VM scores and weekly
intakes of deep green leafy vegetables (r = 0.242) and carrots and pumpkin (r = 0.202). The
importance of eating green and yellow vegetables and fruits was also confirmed in the
present results. In contrast, taking five cups or more of vegetables a day was not a significant
factor associated with high VM scores. In this question, vegetables included all types of
vegetables other than green and yellow ones. Since light-colored and root vegetables
contain fewer carotenoids, green and yellow vegetables are considered more important
for carotenoid consumption. We also asked about Citrus unshiu consumption because
Hamamatsu city is known for its high satsuma mandarin production, and Hamamatsu
residents have a habit of eating a lot of Citrus unshiu, which contains a high amount of
[-cryptoxanthin [47]. However, no significant association was found between Citrus unshiu
taking and VM scores. According to another study, vegetable/tomato juice was considered
a useful alternative to eating green and yellow vegetables [26].

The multivariate logistic analysis demonstrated that high VM scores were negatively
associated with grade. However, there were no significant differences between fifth elemen-
tary, first junior high, and second junior high school students, as shown in Table 4, although
VM score of second grade elementary school students (7, 8 years old) was significantly
higher than that of fifth elementary (p = 0.006) and second junior high school students
(p=0.039). May et al. [33] reported that preschool children (mean age: 4.1 years old)
showed higher VM scores than middle-school (mean age: 12 years old) and high-school
students (mean age: 15 years old). Preschool and low-grade elementary school students
may have had higher VM scores than older ones, but further research is warranted in a
population with a wider age range to draw a conclusion regarding the effect of age on
VM scores.

Sex could influence VM scores. May et al. [33] showed that men had significantly
higher VM scores than women in preschool children. However, Martinelli et al. [32] showed
no sex differences, and sex was not a significant factor in this present study. In our previous
studies in adults [37,46], women had higher VM scores than men had. Further research
is needed to shed light on the effect of sex on VM score. Previous studies showed no
significant difference in VM scores among races [32,33]. May et al. [33] reported that the
mean VM scores for preschool, middle-, and high-school Black and White students were
266, 219, and 216, respectively. Martinelli et al. [32] reported a mean VM score of 210 in
9-12 years old White, Hispanic, and other students. The present VM scores in Japanese
children appeared to be higher than in other previous studies. However, because the values
were obtained in different studies using different VMs, a direct comparison could not
be made.

This study has several limitations. First, this is a single-arm study with no controls.
Second, we made a judgment based on a five-level ranking and conveyed it to the subjects
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so that students and their parents could easily understand the present status and compare
it to others. However, because the ranking was derived from the data on adults, this
judgment should be investigated further in the future. Despite this reservation, we believed
that the current judgment was useful in motivating subjects to take V/F because subjects
with lower ranks had higher increasing rates of VM scores at month 6. Third, the social
backgrounds of the present subjects were thought to be distinct from those of the general
population. They belonged to relatively wealthy families, and their parents may have been
concerned about their children’s education and health. Therefore, we intend to evaluate
the present program in public schools. Fourth, the ring finger of the non-dominant hand
has recently been recommended as a standardized method [48]. However, this study was
planned prior to standardization, and we measured the middle finger of the left hand.
There has been no consensus about the difference in VM scores in different fingers [49], but
our preliminary study found no difference among the eight fingers of both hands (except
little fingers, unpublished data). Fifth, VM scores were verified in the US population by
dietary assessment [35], but not in the Japanese population. The present program ended in
month 6. It is well known that persistent behavior change is difficult to achieve. We intend
to investigate VM scores in the same subjects after a 1-year interval to assess the present
program’s long-term impact.

5. Conclusions

In conclusion, this study showed a gradual increase in SC levels in children using the
VM intervention. The present educational approach involving awareness of V/F shortage
by quantification using the VM is an effective method to change V/F taking behavior and
increase carotenoid levels. This approach saves time and labor and is thus applicable to
a large cohort, including children. VM scores for taking three cups or more of green and
yellow vegetables a day, eating fruits, and drinking vegetable/tomato juice of three times
or more a week were higher than the average. The effect of age on VM scores needs further
investigation in a population with a larger age range.

Author Contributions: Conceptualization, A.O., R.A., A.M. and M.N. (Miho Nozue); investigation,
A.O., AM. and M.N. (Miho Nozue); data curation, A.O. and Y.T.; Formal analysis, A.O., R.A. and
M.N. (Mieko Nakamura); writing—original draft preparation, A.O.; writing—review and editing,
R.A., M.N. (Mieko Nakamura), A.M., M.N. (Miho Nozue) and Y.T. All authors have read and agreed
to the published version of the manuscript.

Funding: Asaoka R received grants (19H01114, 18KK0253, and 20K09784) from the Ministry of
Education, Culture, Sports, Science and Technology of Japan, The Translational Research program;
the Strategic Promotion for Practical Application of Innovative Medical Technology (TR-SPRINT)
from the Japan Agency for Medical Research and Development (AMED). Other authors received no
external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Boards of Seirei Hamamatsu
General Hospital (No. 3601) and Tokoha University (No. 2021-002H).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. The informed consent form for parents and assent form for children were delivered to all
students, and only students whose parents agreed to participate and returned signed consent forms
were enrolled in this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the contract between Hamamatsu
City and investigators.

Acknowledgments: The authors would like to thank Kuniatsu Suzuki, Kumi Atsumi, and Yuka
Matsui of the Health and Welfare Department, Public Health Promotion Division, Hamamatsu City,
for their assistance with the planning and collection of data for this study.

Conflicts of Interest: All authors declare no conflict of interest.



Antioxidants 2022, 11, 1570 20 of 21

References

1. Miller, N.J.; Sampson, ]J.; Candeias, L.P.; Bramley, P.M.; Rice-Evans, C.A. Antioxidant activities of carotenes and xanthophylls.
FEBS Lett. 1996, 384, 240-242. [CrossRef]

2. Stahl, W.; Sies, H. Antioxidant activity of carotenoids. Mol. Aspects Med. 2003, 24, 345-351. [CrossRef]

3. Widomska, J.; Gruszecki, W.I.; Subczynski, WK. Factors Differentiating the Antioxidant Activity of Macular Xanthophylls in the
Human Eye Retina. Antioxidants 2021, 10, 601. [CrossRef]

4. Tian, Y.; Kijlstra, A.; Webers, C.A.B.; Berendschot, T. Lutein and Factor D: Two intriguing players in the field of age-related
macular degeneration. Arch. Biochem. Biophys. 2015, 572, 49-53. [CrossRef]

5. Nakamura, M.; Sugiura, M. Serum Lutein and Zeaxanthin Are Inversely Associated with High-Sensitivity C-Reactive Protein in
Non-Smokers: The Mikkabi Study. Antioxidants 2022, 11, 259. [CrossRef] [PubMed]

6. Hammond, B.R., Jr.; Renzi, L.M. Carotenoids. Adv. Nutr. 2013, 4, 474-476. [CrossRef] [PubMed]

7. Saini, RK, Prasad, P; Lokesh, V.; Shang, X.; Shin, J.; Keum, Y.S; Lee, ].H. Carotenoids: Dietary Sources, Extraction, Encapsulation,
Bioavailability, and Health Benefits-A Review of Recent Advancements. Antioxidants 2022, 11, 795. [CrossRef]

8.  Bernstein, P.S. Lutein, zeaxanthin, and meso-zeaxanthin: The basic and clinical science underlying carotenoid-based nutritional
interventions against ocular disease. Prog. Retin. Eye Res. 2016, 50, 34—66. [CrossRef]

9. Li, B.; Ahmed, F,; Bernstein, P.S. Studies on the singlet oxygen scavenging mechanism of human macular pigment. Arch. Biochem.
Biophys. 2010, 504, 56-60. [CrossRef] [PubMed]

10.  Shi, L.; Krupp, D.; Remer, T. Salt, fruit and vegetable consumption and blood pressure development: A longitudinal investigation
in healthy children. Br. J. Nutr. 2014, 111, 662-671. [CrossRef] [PubMed]

11. Gebrie, A.; Alebel, A.; Zegeye, A.; Tesfaye, B.; Ferede, A. Prevalence and associated factors of overweight/ obesity among children
and adolescents in Ethiopia: A systematic review and meta-analysis. BMC Obes. 2018, 5, 19. [CrossRef] [PubMed]

12.  Aune, D.; Giovannucdi, E.; Boffetta, P.; Fadnes, L.T.; Keum, N.; Norat, T.; Greenwood, D.C.; Riboli, E.; Vatten, L.J.; Tonstad, S.
Fruit and vegetable intake and the risk of cardiovascular disease, total cancer and all-cause mortality-a systematic review and
dose-response meta-analysis of prospective studies. Int. J. Epidemiol. 2017, 46, 1029-1056. [CrossRef] [PubMed]

13.  Kenkounippon21_02. Available online: https://www.mhlw.go.jp/bunya/kenkou/dl/kenkounippon21_02.pdf (accessed on
25 May 2022).

14. Faostat. Vegetables-Food Supply Quantity. Available online: https://www.fao.org/faostat/en/#data/FBS (accessed on 25 May 2022).

15.  Campell, D.R.; Gross, M.D.; Martini, M.C.; Grandis, G.A.; Slavin, ].J.; Potter, ].D. Plasma carotenoids as biomarkers of vegetable
and fruit intake. Cancer Epidemiol. Biomark. Prev. 1994, 3, 493-500.

16. Block, G.; Norkus, E.; Hudes, M.; Mandel, S.; Helzlsouer, K. Which plasma antioxidants are most related to fruit and vegetable
consumption? Am. ]. Epidemiol. 2001, 154, 1113-1118. [CrossRef] [PubMed]

17.  Institute of Medicine Panel on Dietary, A.; Related, C. Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium and Carotenoids;
National Academies Press (US) Copyright 2000 by the National Academy of Sciences: Washington, DC, USA, 2000. [CrossRef]

18. Bationo, ].F; Zeba, A.N.; Abbeddou, S.; Coulibaly, N.D.; Sombier, O.O.; Sheftel, J.; Bassole, LH.N.; Barro, N.; Ouedraogo, ].B.;
Tanumihardjo, S.A. Serum Carotenoids Reveal Poor Fruit and Vegetable Intake among Schoolchildren in Burkina Faso. Nutrients
2018, 10, 1422. [CrossRef] [PubMed]

19. Couillard, C.; Lemieux, S.; Vohl, M.C.; Couture, P.; Lamarche, B. Carotenoids as biomarkers of fruit and vegetable intake in men
and women. Br. J. Nutr. 2016, 116, 1206-1215. [CrossRef] [PubMed]

20. Hata, T.R.; Scholz, T.A.; Ermakov, L.V.; McClane, R.W.; Khachik, F.; Gellermann, W.; Pershing, L.K. Non-invasive raman
spectroscopic detection of carotenoids in human skin. J. Investig. Dermatol. 2000, 115, 441-448. [CrossRef] [PubMed]

21. Ermakov, I.V;; Ermakova, M.R.; McClane, R.W.; Gellermann, W. Resonance Raman detection of carotenoid antioxidants in living
human tissues. Opt. Lett. 2001, 26, 1179-1181. [CrossRef] [PubMed]

22.  Ermakov, L.V,; Sharifzadeh, M.; Ermakova, M.; Gellermann, W. Resonance Raman detection of carotenoid antioxidants in living
human tissue. J. Biomed. Opt. 2005, 10, 064028. [CrossRef] [PubMed]

23. Ermakov, I.V;; Gellermann, W. Dermal carotenoid measurements via pressure mediated reflection spectroscopy. J. Biophotonics
2012, 5, 559-570. [CrossRef] [PubMed]

24. Darvin, M.E.; Meinke, M.C.; Sterry, W.; Lademann, J. Optical methods for noninvasive determination of carotenoids in human
and animal skin. J. Biomed. Opt. 2013, 18, 61230. [CrossRef] [PubMed]

25.  Scherr, R.E.; Laugero, K.D.; Graham, D.J.; Cunningham, B.T; Jahns, L.; Lora, K.R.; Reicks, M.; Mobley, A.R. Innovative Techniques
for Evaluating Behavioral Nutrition Interventions. Adv. Nutr. 2017, 8, 113-125. [CrossRef] [PubMed]

26. Ermakov, I.V,; Ermakova, M.; Sharifzadeh, M.; Gorusupudi, A.; Farnsworth, K.; Bernstein, P.S.; Stookey, J.; Evans, J.; Arana, T.;
Tao-Lew, L.; et al. Optical assessment of skin carotenoid status as a biomarker of vegetable and fruit intake. Arch. Biochem. Biophys.
2018, 646, 46-54. [CrossRef] [PubMed]

27. Ermakov, I.V; Gellermann, W. Validation model for Raman based skin carotenoid detection. Arch. Biochem. Biophys. 2010, 504,
40-49. [CrossRef]

28. Mayne, S.T.; Cartmel, B.; Scarmo, S.; Lin, H.; Leffell, D.]J.; Welch, E.; Ermakov, I.; Bhosale, P.; Bernstein, P.S.; Gellermann, W.

Noninvasive assessment of dermal carotenoids as a biomarker of fruit and vegetable intake. Am. . Clin. Nutr. 2010, 92, 794-800.
[CrossRef]


http://doi.org/10.1016/0014-5793(96)00323-7
http://doi.org/10.1016/S0098-2997(03)00030-X
http://doi.org/10.3390/antiox10040601
http://doi.org/10.1016/j.abb.2015.01.019
http://doi.org/10.3390/antiox11020259
http://www.ncbi.nlm.nih.gov/pubmed/35204141
http://doi.org/10.3945/an.113.004028
http://www.ncbi.nlm.nih.gov/pubmed/23858095
http://doi.org/10.3390/antiox11040795
http://doi.org/10.1016/j.preteyeres.2015.10.003
http://doi.org/10.1016/j.abb.2010.07.024
http://www.ncbi.nlm.nih.gov/pubmed/20678467
http://doi.org/10.1017/S0007114513002961
http://www.ncbi.nlm.nih.gov/pubmed/24326147
http://doi.org/10.1186/s40608-018-0198-0
http://www.ncbi.nlm.nih.gov/pubmed/30002860
http://doi.org/10.1093/ije/dyw319
http://www.ncbi.nlm.nih.gov/pubmed/28338764
https://www.mhlw.go.jp/bunya/kenkou/dl/kenkounippon21_02.pdf
https://www.fao.org/faostat/en/#data/FBS
http://doi.org/10.1093/aje/154.12.1113
http://www.ncbi.nlm.nih.gov/pubmed/11744516
http://doi.org/10.17226/9810
http://doi.org/10.3390/nu10101422
http://www.ncbi.nlm.nih.gov/pubmed/30287727
http://doi.org/10.1017/S0007114516003056
http://www.ncbi.nlm.nih.gov/pubmed/27572625
http://doi.org/10.1046/j.1523-1747.2000.00060.x
http://www.ncbi.nlm.nih.gov/pubmed/10951281
http://doi.org/10.1364/OL.26.001179
http://www.ncbi.nlm.nih.gov/pubmed/18049555
http://doi.org/10.1117/1.2139974
http://www.ncbi.nlm.nih.gov/pubmed/16409093
http://doi.org/10.1002/jbio.201100122
http://www.ncbi.nlm.nih.gov/pubmed/22331637
http://doi.org/10.1117/1.JBO.18.6.061230
http://www.ncbi.nlm.nih.gov/pubmed/23426582
http://doi.org/10.3945/an.116.013862
http://www.ncbi.nlm.nih.gov/pubmed/28096132
http://doi.org/10.1016/j.abb.2018.03.033
http://www.ncbi.nlm.nih.gov/pubmed/29601824
http://doi.org/10.1016/j.abb.2010.07.023
http://doi.org/10.3945/ajcn.2010.29707

Antioxidants 2022, 11, 1570 21 of 21

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Jahns, L.; Johnson, L.K.; Mayne, S.T.; Cartmel, B.; Picklo Sr, M.].; Ermakov, I.V.; Gellermann, W.; Whigham, L.D. Skin and plasma
carotenoid response to a provided intervention diet high in vegetables and fruits: Uptake and depletion kinetics. Am. J. Clin.
Nutr. 2014, 100, 930-937. [CrossRef]

Hopkins, P.V. Evaluating the Impact of a High School Garden in El Paso, Texas for Fruit and Vegetable Intake Using a Valid
Biomarker. Ph.D. Thesis, The University of Texas at El Paso, El Paso, TX, USA, 2017.

Bakirci-Taylor, A.L.; Reed, D.B.; McCool, B.; Dawson, ]J.A. mHealth Improved Fruit and Vegetable Accessibility and Intake in
Young Children. J. Nutr. Educ. Behav. 2019, 51, 556-566. [CrossRef]

Martinelli, S.; Acciai, F.; Tasevska, N.; Ohri-Vachaspati, P. Using the Veggie Meter in Elementary Schools to Objectively Measure
Fruit and Vegetable Intake: A Pilot Study. Methods Protoc. 2021, 4, 33. [CrossRef]

May, K.; Jilcott Pitts, S.; Stage, V.C.; Kelley, C.J.; Burkholder, S.; Fang, X.; Zeng, A.; Lazorick, S. Use of the Veggie Meter(R) as a tool
to objectively approximate fruit and vegetable intake among youth for evaluation of preschool and school-based interventions.
J. Hum. Nutr. Diet. 2020, 33, 869-875. [CrossRef]

Jones, A.M.; Keihner, A.; Mills, M.; MkNelly, B.; Khaira, K.K.; Pressman, J.; Scherr, R.E. Measuring Skin Carotenoids Using
Reflection Spectroscopy in a Low-Income School Setting. Nutrients 2021, 13, 3796. [CrossRef]

Jilcott Pitts, S.B.; Jahns, L.; Wu, Q.; Moran, N.E.; Bell, R.A.; Truesdale, K.P,; Laska, M.N. A non-invasive assessment of skin
carotenoid status through reflection spectroscopy is a feasible, reliable and potentially valid measure of fruit and vegetable
consumption in a diverse community sample. Public Health Nutr. 2018, 21, 1664-1670. [CrossRef] [PubMed]

Rush, E.; Amoah, I.; Diep, T.; Jalili-Moghaddam, S. Determinants and Suitability of Carotenoid Reflection Score as a Measure of
Carotenoid Status. Nutrients 2020, 12, 113. [CrossRef] [PubMed]

Obana, A.; Gohto, Y.; Gellermann, W.; Ermakov, 1.V.; Sasano, H.; Seto, T.; Bernstein, P.S. Skin Carotenoid Index in a large Japanese
population sample. Sci. Rep. 2019, 9, 9318. [CrossRef] [PubMed]

Burnham, K.P.; Anderson, D.R. Multimodel Inference: Understanding AIC and BIC in Model Selection. Soc. Methods Res. 2004, 33,
261-304. [CrossRef]

Glanz, K,; Yaroch, A L. Strategies for increasing fruit and vegetable intake in grocery stores and communities: Policy, pricing, and
environmental change. Prev. Med. 2004, 39, S75-S80. [CrossRef] [PubMed]

Sorensen, G.; Stoddard, A.; Ockene, ] K.; Hunt, M.K.; Youngstrom, R. Worker participation in an integrated health promo-
tion/health protection program: Results from the WellWorks project. Health Educ. Q. 1996, 23, 191-203. [CrossRef]

Buller, D.B.; Morrill, C.; Taren, D.; Aickin, M.; Sennott-Miller, L.; Buller, M.K,; Larkey, L.; Alatorre, C.; Wentzel, TM. Randomized
trial testing the effect of peer education at increasing fruit and vegetable inake. J. Nat. Can. Inst. 1999, 91, 1491-1500. [CrossRef]
Beresford, S.A.; Thompson, B.; Feng, Z.; Christianson, A.; McLerran, D.; Patrick, D.L. Seattle 5 a Day worksite program to increase
fruit and vegetable consumption. Prev. Med. 2001, 32, 230-238. [CrossRef] [PubMed]

Campbell, M.K; Tessaro, I.; DeVellis, B.; Benedict, S.; Kelsey, K.; Belton, L.; Sanhueza, A. Effects of a tailored health promotion
program for female blue-collar workers: Health works for women. Prev. Med. 2002, 34, 313-323. [CrossRef] [PubMed]
Sternfeld, B.; Block, C.; Quesenberry, C.P, Jr.; Block, T.J.; Husson, G.; Norris, ]J.C.; Nelson, M.; Block, G. Improving diet and
physical activity with ALIVE: A worksite randomized trial. Am. J. Prev. Med. 2009, 36, 475-483. [CrossRef]

Beccarelli, L.M.; Scherr, R.E.; Dharmar, M.; Ermakov, I.V.; Gellermann, W.; Jahns, L.; Linnell, ].D.; Keen, C.L.; Steinberg, EM.;
Young, H.M.; et al. Using Skin Carotenoids to Assess Dietary Changes in Students after 1 Academic Year of Participating in the
Shaping Healthy Choices Program. . Nutr. Educ. Behav. 2017, 49, 73-78. [CrossRef] [PubMed]

Takayanagi, Y.; Obana, A.; Muto, S.; Asaoka, R.; Tanito, M.; Ermakov, 1.V.; Bernstein, P.S.; Gellermann, W. Relationships between
Skin Carotenoid Levels and Metabolic Syndrome. Antioxidants 2021, 11, 14. [CrossRef] [PubMed]

Nakamura, M.; Sugiura, M.; Ogawa, K.; Ikoma, Y.; Yano, M. Serum beta-cryptoxanthin and beta-carotene derived from Satsuma
mandarin and brachial-ankle pulse wave velocity: The Mikkabi cohort study. Nutr. Metab. Cardiovasc. Dis. 2016, 26, 808-814.
[CrossRef]

Radtke, M.D.; Pitts, S.J.; Jahns, L.; Firnhaber, G.C.; Loofbourrow, B.M.; Zeng, A.; Scherr, R.E. Criterion-Related Validity of
Spectroscopy-Based Skin Carotenoid Measurements as a Proxy for Fruit and Vegetable Intake: A Systematic Review. Adv. Nutr.
2020, 11, 1282-1299. [CrossRef] [PubMed]

Ansu, V,; Dickinson, S.; Fly, A. Digit variability in carotenoid scores obtained with the Veggie Meter: A pilot study (P02-001-19).
Curr. Dev. Nutr. 2019, 3, nzz029-P02. [CrossRef]


http://doi.org/10.3945/ajcn.114.086900
http://doi.org/10.1016/j.jneb.2018.11.008
http://doi.org/10.3390/mps4020033
http://doi.org/10.1111/jhn.12755
http://doi.org/10.3390/nu13113796
http://doi.org/10.1017/S136898001700430X
http://www.ncbi.nlm.nih.gov/pubmed/29455692
http://doi.org/10.3390/nu12010113
http://www.ncbi.nlm.nih.gov/pubmed/31906259
http://doi.org/10.1038/s41598-019-45751-6
http://www.ncbi.nlm.nih.gov/pubmed/31249340
http://doi.org/10.1177/0049124104268644
http://doi.org/10.1016/j.ypmed.2004.01.004
http://www.ncbi.nlm.nih.gov/pubmed/15313075
http://doi.org/10.1177/109019819602300205
http://doi.org/10.1093/jnci/91.17.1491
http://doi.org/10.1006/pmed.2000.0806
http://www.ncbi.nlm.nih.gov/pubmed/11277680
http://doi.org/10.1006/pmed.2001.0988
http://www.ncbi.nlm.nih.gov/pubmed/11902848
http://doi.org/10.1016/j.amepre.2009.01.036
http://doi.org/10.1016/j.jneb.2016.09.007
http://www.ncbi.nlm.nih.gov/pubmed/28341018
http://doi.org/10.3390/antiox11010014
http://www.ncbi.nlm.nih.gov/pubmed/35052521
http://doi.org/10.1016/j.numecd.2016.04.001
http://doi.org/10.1093/advances/nmaa054
http://www.ncbi.nlm.nih.gov/pubmed/32407509
http://doi.org/10.1093/cdn/nzz029.P02-001-19

	Introduction 
	Subjects and Methods 
	Subjects 
	Methods 
	Measurement of Skin Carotenoid Levels 
	Dietary and Life Habitual Survey 
	Statistical Analyses 

	Results 
	Baseline Characteristics of the Included Subjects 
	Baseline VM Scores 
	The Change in VM Scores from Baseline to Month 6 
	The Correlation between VM Scores and Dietary and Life Habitual Surveys 

	Discussion 
	Conclusions 
	References

