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Abstract

Objective: Characterize vegetable and fruit (VF) intake in a Yup’ik community using self-

reported intake and skin carotenoid status (SCS) and evaluate the relationship between SCS and 

fish intake.

Methods: Self-reported VF intake was measured by 24-hour recall, SCS was measured by 

reflection spectroscopy via the Veggie Meter, and fish intake was estimated by the nitrogen 

isotope ratio (NIR) for 80 participants in a remote community in southwestern Alaska. Bivariate 

correlations were used to assess the relationship between self-reported VF intake, SCS and the 

NIR.

Results: Intake of all VF subgroups was low. The SCS was higher for males (262.7 vs. 185.3; 

P=0.002) and participants consuming more than one VF serving (232.5 vs. 183.0; P=0.02). It was 

not associated with the NIR.

Conclusions and Implications: Increasing VF intake is one way to improve diet in Yup’ik 

communities and SCS is a simple and non-invasive tool to facilitate surveillance efforts.
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INTRODUCTION

Dietary patterns high in vegetables and fruits are associated with lower rates of obesity, 

cardiovascular disease, some cancers, and all-cause mortality.1–4 Deep-yellow and dark-

green vegetables are a particularly important part of a healthy diet because they are a 

source of carotenoids, pigments that play a protective role in human health as antioxidants.5 

Promoting and monitoring intake levels of vegetables and fruits is critical for public 

health efforts. These efforts are especially important for populations that experience 

disproportionate levels of chronic diseases, such as Alaska Native communities.6 Studies 

have shown that Alaska Native People do not meet the dietary recommendations for 

vegetable and fruit intake set by the United Stated Department of Agriculture and consume 

significantly less vegetables and fruits than their counterparts in a national US sample.7

Yup’ik communities in the Yukon-Kuskokwim Delta (YKD) region of Southwest Alaska are 

undergoing a nutrition transition characterized by a shift from traditional to market-based 

food sources.8 Traditional foods include tundra plants gathered from the land and water(e.g., 

blueberries and salmonberries). According to one study from the 1960’s, tundra plants were 

consumed throughout the year and constituted 15% of the diet.9 Current estimates suggest 

that traditional plants constitute less than three percent of the diet of Yup’ik People.10 Fish 

is one traditional food group still consumed at high levels. One recent study estimated that 

the mean intake of omega-3 fatty acids, sourced from fish and sea mammals, is at least 20 

times greater among Yup’ik People compared to the general US population.11 In comparison 

to traditional foods that are locally sourced, market foods are received by local bush plane 

service companies year round and barge services in the summer. Given the geographic 

and climatic challenges faced by the limited food distribution system, highly-processed 

shelf-stable market items are more widely available and less expensive than fresh, frozen, or 

canned vegetables and fruits.12

Previous nutrition studies conducted in the YKD have relied on subjective self-reported 

dietary assessment methods to measure vegetable and fruit intake. These methods are 

prone to measurement error and bias.13 The Veggie Meter is an emerging technology 

that objectively measures the optical density of skin carotenoids (skin carotenoid status) 

via reflection spectroscopy. The Veggie Meter offers advantages over other methods 

because it is non-invasive, rapid, and free of self-report bias. It has been validated against 

plasma carotenoids and a predecessor technology that uses resonance Raman spectroscopy 

to measure skin carotenoid status.14,15 However, the association between self-reported 

vegetable and fruit intake and skin carotenoid status is weak,16 and skin carotenoid status 

is influenced by factors such as smoking status, body mass index (BMI), and exposure 

to sunlight.17 In addition, skin carotenoid status only represents intake of brightly-colored 

vegetables and fruits so certain vegetables, like white potatoes, are not captured. In the 

US, carotenoids are primarily obtained from vegetables and fruit, which makes them a 

strong dietary biomarker of these foods,18 but they can also be obtained from other dietary 

sources, such as salmon and other marine foods.19 For populations with a diet rich in 

non-vegetable and fruit carotenoid sources (i.e., salmon), it is unclear how the relationship 

between vegetable and fruit intake and skin carotenoid status would be affected.
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The primary goal was to compare estimates of vegetable and fruit intake based on self - 

report (24 hour recall) and a biomarker (skin carotenoid status) in a Yup’ik community in 

Southwestern Alaska. A secondary goal was to examine whether fish intake, assessed by a 

validated hair nitrogen isotope ratio biomarker (NIR), 20,21 was related to skin carotenoid 

status. This study builds on previous research in two important ways. First, it uses a 

biomarker of vegetable and fruit intake and examines specific sources of vegetables and 

fruits. Second, it measures skin carotenoid status in a population that frequently consumes 

carotenoids from a source other than vegetables and fruits, namely salmon and other fish.

METHODS

Study Setting

The YKD is a road-less region in southwestern Alaska that is approximately the size of 

Oregon. Communities are only accessible by bush plane year round, or by snow machine 

and boat seasonally. The YKD is the traditional homeland of Yup’ik People and 85% 

of residents are Yup’ik. Opportunities for wage labor are limited and more than 30% of 

residents fall below the national poverty level.22

Participants and Recruitment

Data were collected over two weeks in November 2018. A convenience sample was 

recruited by word-of mouth, posters at the grocery store, and from 3 public venues in a 

hub city (population ~6,500) in the YKD.22 The public venues included a regional health 

clinic and hospital that serve communities in the YKD and a monthly community market. 

Inclusion criteria were to be at least 18 years old and to reside in the YKD. There were 

no exclusion criteria. The majority of Yup’ik people living in the hub city are bilingual and 

written informed consent was obtained in English. Alaska Native race was not a requirement 

of enrollment in the study because the study goal was to estimate vegetable and fruit intake 

in the YKD food environment, where vegetable and fruit access is limited and fish intake 

is common. This study was approved by the University of Alaska Fairbanks Institutional 

Review Board and the Yukon-Kuskokwim Health Corporation Human Subjects Committee. 

Participants received a $25 gift card to the local grocery store as compensation for their 

time.

Study Procedures

Eligibility was confirmed prior to enrollment in the study and all study procedures 

(except the follow-up 24-hour dietary recall) were completed at enrollment. Participants 

completed a sixteen-item sociodemographic survey that asked about age, sex, race, current 

smoking status, Supplemental Nutrition Assistance Program (SNAP) participation, income, 

and education. While Alaska Native race was not an enrollment requirement, almost all 

participants identified as Alaska Native. Given the low representation (≤5% each) of other 

groups in the study (Asian, Hispanic, white, and other) race was reported as a dichotomous 

variable (Alaska Native/ not Alaska Native).

At enrollment, each participant completed the first of 2 24-hour dietary recalls face-to 

face. The second unannounced recall was completed over the phone within a week later. 
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Approximately 10% of recalls were completed on the weekend. The 24-hour dietary recalls 

were administered by a certified interviewer using Nutrition Data System for Research 

(NDSR), an algorithm-driven, computer-assisted software that uses a multiple-pass approach 

(NDSR 2018; University of Minnesota, Minneapolis, MN).23

While 61% of study participants completed 2 24-hour recalls, 39% did not complete the 

second 24-hour recall because they were unable to be reached at follow-up (their phone 

number was no longer in service, a common occurrence in the YKD, or the participant did 

not return interviewers’ phone calls after they left 3 messages). There were no significant 

differences in self-reported total vegetable and fruit intake (P=0.93) between those who 

completed 1 vs. 2 24-hour dietary recalls when assessed by a t-test. Any dietary recall that 

was incomplete or determined to be unreliable by the interviewer was excluded from the 

analysis.

Total vegetable and fruit intake (servings/day) and intake of vegetable and fruit subgroup 

(servings/day) were calculated for each participant using the NDSR food and nutrient 

database (NDSR 2018). The NDSR database includes many traditional Alaska Native foods 

including traditional vegetables and fruits (tundra plants). Each vegetable and fruit reported 

in the 24-hour dietary recalls, including those in a mixed dish or juice, was assigned to 

a vegetable and fruit subgroup based on NDSR food group coding. White potatoes were 

categorized into their own subgroup. The NDSR non-citrus fruit category was split into 

brightly-colored fruits (e.g. blueberries, salmonberries, watermelon, and mangos) and other 

fruits (e.g. bananas, apples, and pears) so intake of carotenoid-rich fruits (foods represented 

by the skin carotenoid status) could be evaluated. The brightly-colored fruits subgroup 

included all tundra plants. For participants who completed 2 24-hour dietary recalls, results 

were averaged over the 2 recall days. All serving sizes were calculated by NDSR and are 

based on the recommendations made by the 2000 Dietary Guidelines for Americans when 

available.7 Total vegetable and fruit intake was also dichotomized as at least 1 servings of 

vegetables and fruits per day (yes/no).

Skin carotenoid status was measured by the Veggie Meter (Longevity Link Corp.; Salt 

Lake City, UT) following the protocol described by Ermakov et al.14 Participants were 

instructed to place their finger against the lens surface of the Veggie Meter with the help of 

a spring-loaded cover. Then, a white light LED source was projected onto their finger and 

an adjoining laptop displayed their skin carotenoid status. Three individual readings were 

collected for each participant and the glass lens of the Veggie Meter was cleaned with an 

optical cloth between each reading. Mean skin carotenoid status was calculated for each 

participant by averaging their 3 measurements.

The skin carotenoid status is a unit-less value that ranges from 0–800, with a higher 

value indicating a higher concentration of carotenoids in the skin. It is not directly 

related to an amount of vegetable and fruit servings, but can be used to rank intake. 

Skin carotenoids are a long term measure of intake and represent intake from at least 

the 8 past weeks.24 A validation study found that across a year of measurements, self-

reported vegetable and fruit intake was correlated with skin carotenoid status measured 

by reflection spectroscopy (r=0.37, P<0.001).16 The same study found a high correlation 
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between reflection spectroscopy and resonance Raman spectroscopy (r=0.86, p<0.001), and 

reflection spectroscopy and plasma carotenoids (r=0.70, p<0.001).16

A subset of participants provided a hair sample to measure the NIR, which has been 

previously validated as a biomarker of fish intake in Yup’ik communities.20,21,25 Hair was 

collected by cutting ~50 hairs from the back of the head as close to the scalp as possible. 

The 1 centimeter section of hair closest to the head was analyzed and represented the last 

4 to 8 weeks of intake. Samples were cleaned and prepared for stable isotope analysis 

as described elsewhere.20 Analysis was completed at the Alaska Stable Isotope Facility 

using continuous-flow isotope ratio mass spectroscopy with a Costech ECS4010 Elemental 

Analyzer (Costech Scientific) interfaced to a Finnigan Delta Plus XP isotope ratio mass 

spectrometer via the Conflo III interface (Thermo-Finnigan). Data are presented in standard 

delta values as δX = (Rsample − Rstandard)/(Rstandard) · 1000‰, where R is the ratio of heavy 

to light isotope (15N/14N) and the standard is atmospheric nitrogen. In a validation study, the 

hair NIR varied from 6.9 to 15.2‰, corresponding to diets in which the % energy from fish 

and marine mammals ranged from 0 to 57%.25

Statistical Analysis

Descriptive statistics were calculated for all study participants. Self-reported vegetable and 

fruit intake was summarized as median and interquartile range and skin carotenoid status 

was summarized as mean and standard deviation. A kurtosis of greater than +/−3 was used 

as a criteria to decide which variables should be log-transformed. Total vegetable and fruit 

intake was transformed as log(x+1) to compensate for the high number of 0 servings and to 

include participants who reported 0 servings. Back-transformed data is reported in the tables 

for interpretation. Differences in total vegetable and fruit intake and skin carotenoid status 

by sociodemographic subgroups were assessed using Student’s t-test for binary variables 

(e.g., sex) and ANOVA for multilevel variables (e.g., age group, income range). Participants 

with a missing response to a single sociodemographic variable were excluded from the 

statistical test for that variable. Frequency of missing responses ranged from 4% (race) 

to 15% (income). Pearson’s correlation coefficient was used to assess the association of 

total vegetable and fruit intake, skin carotenoid status, and the NIR. A P-value of 0.05 was 

considered significant. Statistical analyses were performed using SPSS Statistics 25 (IBM 

Corp.; 2017 Armonk, NY).

RESULTS

Eighty-four participants enrolled in the study but 4 participants were excluded due to 

incomplete or unreliable 24-hour dietary recall data so the analysis of self-reported intake 

and skin carotenoid status was based on 80 participants. Seventy-one participants (89%) 

provided a hair sample, so the analysis of skin carotenoid status and NIR was based on 71 

participants. The average age of participants was 47.5±15.2 years. Forty-five percent of the 

participants were female, 40% were current smokers, and 39% participated in SNAP (Table 

1) The mean NIR was 8.8±0.8‰ (range: 7.2 to 11.2‰).

Median total vegetable and fruit intake and mean skin carotenoid status is reported by 

sociodemographic subgroups in Table 1. Total vegetable and fruit servings per day differed 
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significantly by education status, but did not follow a linear trend. Males had significantly 

higher skin carotenoid status than females (262.7 vs. 185.3; P=0.002). Skin carotenoid status 

was also significantly higher among participants who reported eating more than 1 serving of 

vegetables and fruits (232.5 vs. 183.0; P=0.02). Neither total vegetable and fruit intake nor 

skin carotenoid status differed by age, race, current smoking status, SNAP participation, or 

income.

Figure 1 shows the distribution of skin carotenoid status. The mean skin carotenoid status 

was 220.1±108.0 (range: 29.7 to 609.3).

Table 2 shows the median servings of each vegetable and fruit subgroup. The median 

intake of total vegetable and fruits was 2.5 ± 2.7 servings per day and 9% of participants 

reported no servings of any vegetables or fruits. The median intake of all vegetable and 

fruit groups was 0 servings per day with the exception of the subgroup “other vegetables” 

(which includes lettuce, onions, and peas) and the subgroup tomatoes. Only 17%, 47%, and 

29% of the participants reported eating any amount of brightly-colored fruits, deep-yellow-

vegetables, and dark-green vegetables, respectively.

Skin carotenoid status was not significantly correlated with either self-reported total 

vegetable and fruit intake (r=0.15, P=0.19) or with the NIR (r= −0.05, P=0.65).

DISCUSSION

These findings from a community-based sample of Yup’ik adults living in a remote 

community in Southwestern Alaska demonstrate the importance of continued monitoring of 

vegetable and fruit intake. Consistent with previous findings about the Yup’ik diet, vegetable 

and fruit intake was low among Yup’ik people in this study.26,27 Participants consumed 

less than half the daily recommended amounts of vegetables and fruits.7 While participants 

fell short of the recommended intake of all vegetable and fruit subgroups, intake of brightly-

colored fruits, deep-yellow vegetables, and dark-green vegetables was particularly low. 

Indeed, more than half of the participants consumed 0 servings of each of these subgroups 

and the median intake was 0 servings for each subgroup. These carotenoid-rich vegetable 

and fruit subgroups are associated with a reduced risk of cardiovascular disease and some 

cancers,28 which underscores the importance consuming these foods frequently and at the 

recommended level.

The mean skin carotenoid status in the Yup’ik community was 220.1±108.0. Some studies 

have found higher levels of skin carotenoid status. In a multi-ethnic sample of New 

Zealanders, the mean skin carotenoid status was 342.0 ± 116.0,29 and among a large sample 

of Japanese adults it was 343.1 ± 142.1.30 In comparison, the skin carotenoid status among a 

sample of African Americans in North Carolina was more similar to the current study (239.0 

± 85.8).31

In this study, males had significantly higher skin carotenoid status than females (262.7 

vs.185.3; P=0.002), which is consistent with one other study that used reflection 

spectroscopy.32 Yup’ik females tend to have greater BMI compared to Yup’ik males,33 

which could be one explanation for this finding since BMI is inversely associated with 
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skin carotenoid concentration.34 Interestingly, although males had significantly higher skin 

carotenoid status than females, they did not report eating more vegetables and fruits 

than females. It is possible that biases associated with self-reported dietary data such as 

differences in the under- and over-reporting habits of males and females could explain 

this inconsistency.35 No significant differences in skin carotenoid status were observed 

among other characteristics, including smoking status, which is another factor that has been 

associated with depleted skin carotenoids concentrations.17 One explanation could be that 

the study population has limited access to food sources and all participants were exposed to 

the same nutrition environment regardless of behavior, education, or income level.

Participants who reported consuming at least 1 serving of vegetables and fruits had 

significantly higher skin carotenoid status than those who reported consuming less than 

1 serving (P=0.02). However, a significant relationship between skin carotenoid status and 

total vegetable and fruit intake was not observed when it was treated as a continuous 

variable. Substantial evidence exists for an association between self-reported vegetable and 

fruit intake and skin carotenoid status measured by optical assessment methods, such as 

resonance Raman spectroscopy, an older, more-widely used method.17, 36 In comparison, 

a recent validation study found only a weak correlation between self-reported vegetable 

and fruit intake measured by 24-hour dietary recall and skin carotenoid status measured by 

reflection spectroscopy.16 However, in the same study, skin carotenoid status measured by 

reflection spectroscopy was strongly correlated with plasma carotenoid concentration. One 

explanation for the lack of significant correlation in this study could be that measurement 

errors in self-reported diet could be attenuating the relationship. However, the significant 

difference in skin carotenoid status for participants that had at least 1 serving of vegetables 

and fruits compared to those who did not provides evidence that skin carotenoid status could 

be used to rank levels of intake.

Skin carotenoid status and level of fish intake measured by the hair NIR was not associated. 

This suggests that for the level of intake in this population, carotenoids from fish did not 

influence skin carotenoid status measured by reflection spectroscopy. The mean hair NIR 

in this study was lower compared to other studies in the YKD possibly indicating that fish 

intake was lower than expected.20,25 For Yup’ik communities that consume greater amounts 

of fish, either due to stronger ties to traditional food practices or due to greater access to 

marine foods (e.g. coastal communities), it remains unclear if carotenoids from fish would 

influence skin carotenoid status.

A number of limitations should be considered in the interpretation of the study findings. 

First, although 2 24-hour recalls were collected, this dietary assessment method is subject 

to error because of day-to-day variability in diet.37 In contrast, skin carotenoid status 

measured by optical methods is a habitual measure of intake, estimating roughly 8 weeks 

of intake.24 Collecting additional recalls, or a second objective measure of vegetable and 

fruit intake, such as plasma carotenoids, would have given a more robust estimate of habitual 

carotenoid-rich vegetable and fruit consumption. Second, only 61% of the study participants 

completed a second 24-hour dietary recall. However, there were no significant differences 

in self-reported total vegetable and fruit intake (P=0.93) between those who completed 1 

vs. 2 24-hour dietary recalls, which reduces the likelihood of measurement bias. Third, it 

Hill et al. Page 7

J Nutr Educ Behav. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



is possible that our study was underpowered. The logistics of flying to the remote hub 

community for data collection limited the number of participants that could be recruited. 

Future research with larger samples would help to determine whether these findings can be 

replicated.

IMPLICATIONS FOR RESEARCH AND PRACTICE

This study estimated vegetable and fruit intake in a sample of Yup’ik People two ways: 

a subjective self-reported measure and an objective biomarker. Insufficient vegetable and 

fruit intake remains a critical public health issue in the YKD. Nutrition education in this 

population could consider focusing on the sources of available nutrients, such as tundra 

plants and other traditional foods since Yup’ik individuals obtain key nutrients from different 

food sources than the general United States.10 Food assistance programs could subsidize 

the cost of harvesting tundra plants and berries in addition to policies that subsidize market 

vegetables and fruit. In addition, more research on vegetable and fruit accessibility in Yup’ik 

communities would shed a light on specific community need and on ways to promote 

access. The finding that the skin carotenoids status measured by the Veggie Meter was 

significantly greater for those who had at least 1 serving of vegetables and fruits compared 

to those who did not suggests that the non-invasive instrument could play an important role 

in surveillance efforts. Further research is warranted to assess the impact of factors such 

as BMI on skin carotenoid status and to verify the absence of a relationship between skin 

carotenoid status measured and fish intake across a greater variability of fish consumption.
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Figure 1. 
Distribution of Skin Carotenoid Status Measured by Reflection Spectroscopy (n=80)
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Table 1.

Comparison of Total Vegetables and Fruit Intake (servings/day) and Skin Carotenoid Status by 

Sociodemographic Subgroups (n=80)

n (%) Total Vegetable and Fruit Intake
a

(servings/day)
Median ± IQR

P Skin Carotenoid Status
Mean ± SD

P

Age group (years) 0.40 0.59

20–30 13 (16) 2.0 ± 2.8 198.1 ± 136.8

31–50 29 (36) 2.5 ± 2.9 214.4 ± 65.8

51–84 38 (47) 2.6 ± 2.7 232.0 ± 123.3

Sex 0.47 0.002**

Male 36 (45) 1.9 ± 3.4 262.7 ± 119.6

Female 44 (55) 2.9 ± 2.0 185.3 ± 83.8

Race 0.39 0.93

Alaska Native 65 (81) 2.4 ± 2.4 214.6 ± 93.0

Not Alaska Native 12 (15) 3.5 ± 3.8 211.8 ± 140.1

No response
b 3 (4) 4.5 ± 5.2 372.1 ± 199.0

Current Smoker 0.21 0.58

Yes 32 (40) 1.9 ± 2.4 216.4 ± 128.1

No 44 (55) 2.9 ± 2.5 230.5 ± 77.8

No response
b 4 (5) 1.5 ± 2.7 177.6 ± 74.7

SNAP Participant 0.17 0.86

Yes 31 (39) 2.8 ± 26 222.5 ± 84.8

No 49 (61) 1.8 ± 2.5 218.5 ± 121.2

Income Range 0.15 0.64

<$10, 000 25 (31) 1.9 ± 2.5 228.3 ± 86.9

$10,000 – 34,999 11 (14) 2.1 ± 2.9 196.0 ± 94.5

$35,000–74,999 14 (17) 3.2 ± 2.8 254.4 ± 139.3

≥ $75,000 20 (25) 2.8 ± 2.6 223.4 ± 126.8

Do not know or no response
b 12 (15) 2.4 ± 4.5 181.0 ±76.7

Education 0.02 * 0.25

<12th grade 10 (13) 2.9 ± 4.3 254.4 ± 68.7

12th grade/ GED 25 (31) 1.8 ± 2.3 192.0 ± 93.1

Some college 22 (27) 2.5 ± 1.9 204.7 ± 119.7

Graduated college 16 (20) 3.8 ± 1.9 250.5 ± 139.9

No response
b 7 (8) 2.4 ± 1.7 250.2 ± 54.8

At least 1 Serving of Vegetables and Fruits 0.02*

Yes 60 (75) 232.5 ± 116.1

No 20 (25) 183.0 ±68.3

IQR indicates interquartile range; SD indicates standard deviation; SNAP indicates Supplemental Nutrition Assistance Program; GED indicates 
general education development.
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*
P < .05

**
P < .01.

Students t-test was used for binary variables and ANOVA was used for multi-level variables.

a
Total vegetable and fruit intake was transformed as log(x+1) for statistical analysis;

b
Do not know or no response levels were not included in the statistical analysis.
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Table 2.

Median ± IQR (Max) Servings/day of Vegetable and Fruit Subgroups and n (%) of Participants that Reported 

> 0 Serving of Each Vegetable and Fruit Subgroup (n=80)

Vegetable and Fruit Subgroup Mean reported intake (servings/day)
Median ± IQR(Max)

Participants that reported >0 serving/day n (%)

Total Vegetables and Fruits 2.5 ± 2.7 (13.9) 73 (91)

Other Vegetables 0.3 ± 0.7 (4.1) 62 (77)

Tomatoes
a 0.1 ± 0.5 (5.5) 46 (57)

White Potatoes 0.0 ± 0.4 (4.0) 51 (64)

Other Non-Citrus Fruits 0.0 ± 0.6 (2.3) 28 (35)

Citrus Juices 0.0 ± 0.0 (4.0) 13 (16)

Brightly-Colored Fruits
a 0.0 ± 0.0 (2.4) 14 (17)

Deep-Yellow Vegetables
a 0.0 ± 0.1 (2.7) 38 (47)

Fried Potatoes and Vegetables 0.0 ± 0.0 (1.9) 10 (13)

Dark-Green Vegetables
a 0.0 ± 0.1 (1.5) 23 (29)

Legumes 0.0 ± 0.0 (0.9) 37 (46)

Other Starchy Vegetables 0.0 ± 0.0 (0.8) 12 (15)

Citrus Fruits 0.0 ± 0.0 (1.5) 10 (13)

IQR indicates interquartile range; SD indicates standard deviation.

a
Vegetable and fruit subgroups that are carotenoid-rich.
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