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ABSTRACT

Background: Nutrition surveys suggest that <10% of Canadian adults have inadequate riboflavin intakes. However, biochemical riboflavin
deficiency [erythrocyte glutathione reductase activity coefficient (EGRac) >1.40] has been reported in 41% of young adult women living in Metro
Vancouver. Canadian Chinese ethnicity comprise >25% of Vancouver’s population and are postulated to have poorer riboflavin status than those of
European ethnicity because they could be less likely to consume dairy products and fortified wheat.

Objectives: The objectives of this study were to determine dietary riboflavin intake and food sources, and to assess the association between
riboflavin intake and status in young women of European (n = 107) and Chinese (n = 91) ethnicities living in Metro Vancouver, Canada.

Methods: This was a cross-sectional study conducted in women (aged 19-45 y). Women were healthy, not pregnant or breastfeeding, of European
or Chinese ethnicities, and not taking riboflavin-containing supplements for the past 4 mo. Dietary riboflavin intake was assessed using the
past-year Diet History Questionnaire Il, and riboflavin status (EGRac) was measured in fasting venous blood samples.

Results: Only 7% of participants had dietary riboflavin intakes below the Estimated Average Requirement (0.9 mg/d), but 40% of women had
biochemical riboflavin deficiency (EGRac >1.40). Although more Canadian women of European ethnicity than Chinese ethnicity had biochemical
riboflavin deficiency (46% and 34%; P < 0.001), median dietary riboflavin intake did not differ (1.73 and 1.82 mg/d; P = 0.587). Dairy products and
vegetables contributed the most to riboflavin intake. Energy-adjusted dietary riboflavin intake was inversely associated with EGRac (B = —0.04,
95% Cl: —0.07, —0.01). However, after further adjustment the relation was not significant.

Conclusions: Overall, women of reproductive age living in Metro Vancouver, Canada, had a low prevalence of inadequate dietary riboflavin intake
despite the high prevalence of apparent biochemical riboflavin deficiency. ~ Curr Dev Nutr 2021;5:nzab021.
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Introduction ported that 41% of female university students (mean age = 26.3 £ 4.6
y; n = 49) had deficient [assessed using the functional indicator, ery-
Riboflavin in its coenzyme forms, FMN and FAD, participates in nu-  throcyte glutathione reductase activity coefficient (EGRac) >1.40] and

merous redox reactions involved in energy metabolism and in differ- an additional 29% had marginal (EGRac = 1.30-1.40) riboflavin status
ent metabolic pathways (1). Severe riboflavin deficiency is associated (10).

with dermatological and visual abnormalities (1, 2). Milder forms of ri- Based on the results of this small study in Vancouver women, we
boflavin deficiency, based on riboflavin biomarkers, have been associ-  conducted a larger study in 2015-2016 and measured EGRac in young

ated with anemia and hypertension in women as well as pre-eclampsia ~ Canadian women of Chinese (n = 96) and European (n = 110) ethnic-
in pregnancy (3-9). Riboflavin status has generally been assumed to be ity in Vancouver (3). Differences in nutrient intakes by ethnicity have
sufficient in Canadian women. However, a small study in Vancouver re-  been previously reported in women of reproductive age (11, 12). We
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included women of Chinese ethnicity because we thought they would
be at greater risk of riboflavin insufficiency due to a lower dairy intake,
a major source of riboflavin (13-16). Overall, 40% of women were clas-
sified as riboflavin deficient (EGRac >1.40) (3). Unexpectedly, the rate
of marginal and deficient biochemical riboflavin status combined was
lower in Canadian women of Chinese ethnicity compared with those of
European ethnicity (57% compared with 85%, P < 0.001) (3).

Despite a high rate of biochemical riboflavin deficiency in our study,
population representative data from the Canadian Community Health
Survey (CCHS) in 2004 suggest that riboflavin intakes are mostly ade-
quate, with <10% of women aged 19-50 y consuming less than the Es-
timated Average Requirement (EAR, 0.9 mg/d) (17). This survey is now
>15 y old. Two recent studies in Canada on the contribution of dairy
products and grains to nutrient intake reported that milk and alterna-
tives contributed 24% of total riboflavin intake in adults, and that grain
products contributed 19% of total riboflavin intake in participants aged
>2y, using data collected from the 2015 CCHS (18, 19); the contribu-
tion of other food sources to riboflavin intake in Canada remains un-
known.

In the current study, we assessed dietary riboflavin intake using
a semiquantitative FFQ. Our aims here were to determine riboflavin
intake, the prevalence of dietary inadequacy, and food sources of ri-
boflavin, as well as to examine the association between EGRac and ri-
boflavin intake in this group. Finally, we explored whether a difference
in riboflavin intake could explain the lower rate of biochemical defi-
ciency in women of Chinese ethnicity.

Methods

Study design and participants

This was a cross-sectional study of 206 women aged 19-45y from Metro
Vancouver, Canada, conducted between 2015 and 2016 (3). Women
were recruited by convenience sampling through posters, e-mails, and
advertisements on social media. To be included, women had to be non-
pregnant or nonlactating, and not have taken a riboflavin-containing
supplement in the 4 mo preceding the study. Women were excluded if
they self-reported having 8-thalassemia, untreated hypothyroidism, or
glucose 6-phosphatase dehydrogenase deficiency (20-22). A sample size
calculation indicated that a minimum of 84 participants in each ethnic
group was required to provide 80% power to detect an association with
medium effect size (r = 0.30) between dietary riboflavin intake and ri-
boflavin status (EGRac) with o = 0.05 (2-tailed) (23). Weight and height
were measured in duplicate with use of standardized techniques (24).
Demographic characteristics including self-reported ethnicity, marital
status, education level, lactose intolerance, and household size and in-
come were assessed by a questionnaire. Venous blood samples were
collected after an overnight fast. Washed erythrocytes were collected
and analyzed for EGRac as previously described (3, 25). Physical ac-
tivity data were obtained using the long-form of the International Phys-
ical Activity Questionnaire (IPAQ) and the IPAQ scoring protocol (26).
Ethics approval was obtained from the University of British Columbia
Clinical Research Ethics Board in Canada (H15-00,521). All partici-
pants were offered a gift card for participation and received their indi-
vidual results. Written informed consent was obtained from all women.

Dietary riboflavin intake measurement

The Canadian version of the National Cancer Institute Diet History
Questionnaire IT (C-DHQ II) was used to assess dietary riboflavin
intake over the previous year (27). The C-DHQ II consists of 165
questions (153 are related to food and 12 are nutritional supplement
questions). The US version of the DHQ I has undergone extensive
validation for energy and other nutrients in women, with correla-
tions ranging from 0.51 for vitamin E to 0.78 for magnesium, and
riboflavin at 0.66 (28). Dietary data were analyzed using Diet«Calc
(version 1.5.0) and the estimated dietary riboflavin intakes were ex-
pressed as milligrams per day. Dietary riboflavin intakes were compared
with the EAR of 0.9 mg/d set by the National Academy of Medicine
(29).

Food source determination

To determine food sources of riboflavin in the Canadian diet, individual
food items from the C-DHQ IT were allocated into food groups. Because
the C-DHQ II does not provide food groups, individual food items were
manually grouped using Stata statistical software version SE/14.2 for
Mac (StataCorp LLC). Main groups were based on the 2007 Canada’s
Food Guide (30) with the exception that Vegetables and Fruits were sep-
arated into 2 groups; accordingly, the groups were: 1) Grain Products;
2) Milk and Alternatives; 3) Meat and Alternatives; 4) Vegetables; and
5) Fruits. The rest of the food items were grouped into: 6) Fats and Oils;
7) Beverages; 8) Meal-replacement bars and drinks; and 9) Sweets and
Desserts. Food items were also allocated into 29 subgroups (31, 32) as
shown in Supplemental Table 1.

Mixed main dishes in the C-DHQ II were disaggregated into in-
dividual food items prior to grouping using the US Diet History
Questionnaire IT (US-DHQ II) nutrient database (33) or recipes. The
US-DHQ II nutrient database provides food groups based on the
Food Patterns Equivalents Database (FPED) and MyPyramid Equiv-
alent Database (MPED). Mixed main dishes (n = 19) were defined
as dishes that contain a mix of meats, dairy, grains, or vegetables,
such as pizza, pasta dishes, and sandwiches. The disaggregation pro-
cess is shown in Supplemental Figure 1. Briefly, each mixed main
dish was broken down into servings of main groups (measured in
US cups or ounces per 100 g). The MPED/FPED equivalent was
then adjusted to MPED/FPED value per gram weight of C-DHQ
II portion weight (grams). To determine the ingredients of mixed
foods (e.g., type of meat, vegetable, grain), descriptors in the US-
DHQ II nutrient database (33) were also used. The riboflavin content
for each ingredient was then obtained from the C-DHQ II nutrients
database. A threshold of £10% difference between the calculated ri-
boflavin of the disaggregated food and the actual/total riboflavin con-
tent obtained from the C-DHQ II nutrient database was considered
acceptable.

When disaggregation was finalized, the amounts of riboflavin
(milligrams) from ingredients of each disaggregated food were con-
verted into proportions of total calculated riboflavin. For example,
riboflavin from “pizza with meat” comes from grains (67%), cheese
(26%), red meat (5%), and vegetables (3%). These proportions were
applied to the corresponding mixed main dish in the Stata file for
all participants. To create food group equivalents representing the
2007 Canada’s Food Guide servings, the US-DHQ II nutrient database
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TABLE 1 General characteristics of Canadian women (aged 19-45 y) of European and Chinese ethnicity living in Metro

Vancouver'
All European Chinese
(n=198) (n=107) (n=91) P
Age, y 27.60 (26.70, 28.49) 28.79 (27.63, 29.95) 26.20 (24.84, 27.56) 0.004
BMI, kg/m? 22.41 (21.86, 22.96) 23.14 (22.35, 23.92) 21.56 (20.81, 22.30) 0.005
Overweight or obese (BMI >25), n (%) 38(19) 25 (23) 13 (14) 0.106
Total physical activity scores, METs-min/wk 3193 [1514, 5580] 3999 [2337, 6458] 1835 [1016, 4128] <0.001
Current smokers, n (%) 2 (1) 2(2) 0 0.501
Education, n (%) <0.001
Bachelor’s or higher 131 (66) 85 (79) 46 (51)
Marital status, n (%) 0.001
Single 146 (74) 71 (67) 75 (83)
Married/common-law 47 (24) 35(33) 12 (13)
Separated/divorced 3(2) 0 3Q)
Number in household 22,2 2(2,2) 3(2,3) 0.003
Has children, n (%) 14 (7) 8(7) 6 (7) 0.809
Generation in Canada, n (%) <0.001
First generation 91 (46) 31 (29) 60 (66)
Second generation 35(18) 6 (6) 29 (32)
Mixed generations 16 (8) 15 (14) 1(1)
Third generation 24 (12) 23(22) 1(1)
Fourth generation or higher 31(16) 31(29) 0
Annual household income, n (%) 0.621
<$20,000 45 (23) 23 (22) 22 (24)
$20,000 to <$40,000 40 (21) 17 (16) 23 (26)
$40,000 to <$60,000 26 (13) 16 (15) 10011)
$60,000 to <$80,000 31 (16) 18 (17) 13 (14)
$80,000 to <$100,000 19 (10) 1011 8(9)
>$100,000 34 (17) 20 (19) 14 (16)
Lactose intolerant,? n (%) 15 (8) 6 (6) 9 (10) 0.256
Excludes foods (vegetarian), n (%) 30 (15) 17 (16) 13 (14) 0.754
Excludes meat 26 (13) 14 (13) 12 (13) 0.865
Excludes poultry 19 (10) 11 (10) 8(9) 0.723
Excludes fish and shellfish 11 (6) 5(5) 6(7) 0.557
Excludes eggs 5@Q3) 2(2) 3(3) 0.663
Excludes dairy products 7 (4) 4 (4) 3(3) 1.000

"Data are expressed as means (95% Cl) or n (%), except for physical activity (median [25th, 75th percentiles] and n = 186). Independent samples t test or Wilcoxon
rank-sum test (continuous) and x? test (proportions) were used to compare groups. MET, metabolic equivalent.

2Self-identified as lactose intolerant.

3Excluding meat included beef, pork, lamb, etc.; poultry included chicken, turkey, duck, etc.; and dairy products included milk, cheese, etc.

file was used with modifications; details are shown in Supplemental
Figure 2.

Statistical analyses

Descriptive statistics were used to report means (95% CI) and medi-
ans (25th and 75th percentiles). For comparisons between Canadian
women of European and Chinese ethnicity, independent samples ¢ test
or Wilcoxon rank-sum test were used for continuous variables, and x2
test was used for comparison of proportions; Fisher exact test was used
when expected cell frequencies in the 2 x 2 table were <5. A linear re-
gression model was used to examine the association between dietary ri-
boflavin intake (continuous) and riboflavin status (EGRac; continuous
outcome). Total energy intake was included in the models as a contin-
uous variable to control for a potential confounding effect (34). Other
variables were included in the model based on a change-in-estimate ap-
proach, in which a variable is included in the model if eliminating it
led to >10% change in the coefficient of dietary riboflavin intake and
riboflavin status (35). Models included energy intake, ethnicity, physi-
cal activity, marital status, and household income as confounders. One-
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factor ANOVA with post hoc Bonferroni adjustments was used to esti-
mate differences in EGRac by tertiles of dietary riboflavin intake or by
dietary riboflavin intake per 1000 kcal.

Results

Dietary data were available for 205 women. After excluding 7 women
with extreme energy intakes (<600 and >3500 kcal/d) (28), data from
198 women were used in the analyses. Participant characteristics are
given in Table 1. Overall, >60% of the women had a bachelor’s degree
or higher level of education, >70% were single, and >40% were first-
generation immigrants to Canada. Only 3.5% of the women reported
excluding dairy products from their diet.

Ethnic differences between European and Chinese women were ob-
served in age, BMI, total physical activity scores, education, marital
status, household size, and generation of immigration to Canada. The
Canadian women of Chinese ethnicity were more likely to be younger
and single, and almost all were first- or second-generation immigrants,
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TABLE 2 Riboflavin status and dietary riboflavin and energy intakes in Canadian women (aged 19-45 y) of European and
Chinese ethnicity living in Metro Vancouver'

All European Chinese
(n=198) (n=107) (n=91) P

EGRac, ratio 1.38 (1.36, 1.40) 1.40(1.38, 1.42) 1.36 (1.33, 1.38) 0.016
Riboflavin status, n (%) <0.001

Adequate, EGRac <1.30 56 (28) 16 (15) 40 (44)

Marginal, 1.30 < EGRac < 1.40 62 (31) 42 (39) 20 (22)

Deficient, EGRac >1.40 80 (40) 49 (46) 31 (34)
Dietary riboflavin intake, mg/d

Median [25th, 75th percentiles] 1.76 [1.30, 2.33] 1.73[1.32, 2.22] 1.82[1.30, 2.64] 0.587

Mean (95% Cl) 1.90(1.78, 2.01) 1.84(1.70, 1.98) 1.96 (1.77, 2.15) 0.320
Total energy intake, kcal/d

Median [25th, 75th percentiles] 1654 [1233, 2077] 1714 (1278, 2096] 1588 [1142, 2070] 0.252

Mean (95% Cl) 1708 (1623, 1793) 1759 (1640, 1878) 1647 (1524, 1770) 0.197
Dietary riboflavin intake, mg/1000 kcal

Median [25th, 75th percentiles] 1.05[0.94, 1.21] 1.03[0.93, 1.14] 1.131[0.94, 1.37] 0.010

Mean (95% Cl) 1.11(1.07, 1.14) 1.05 (1.01, 1.08) 1.18 (1.11, 1.24) <0.001
Inadequate dietary riboflavin intake (<0.9 mg/d), n (%) 13(7) 5(5) 8 (9) 0.244

95% ClI 4,11 (2,11 4,17)

'Data were analyzed by independent samples t test or Wilcoxon rank-sum test (continuous) and x? test (proportions). Prevalence of inadequate intake was estimated as

percentage less than the Estimated Average Requirement of 0.9 mg/d. EGRac, erythrocyte glutathione reductase activity coefficient.

whereas the women of European ethnicity were more likely to have
higher BMI, education level, and physical activity scores.

Biochemical riboflavin status (EGRac) and dietary riboflavin and
energy intakes are shown in Table 2. Overall, mean EGRac was
1.38 (95% CI: 1.36, 1.40) for all women, and 40% were classified as
biochemically riboflavin deficient (EGRac >1.40). Riboflavin status was
poorer in Canadian women of European compared with Chinese eth-
nicity: their mean EGRac was significantly higher, and only 15% of
Canadian women of European ethnicity had “adequate” riboflavin sta-
tus (EGRac <1.30) compared with 44% of Canadian women of Chi-
nese ethnicity. For all women, median (25th, 75th percentiles) di-
etary riboflavin intake was 1.76 (1.30, 2.33) mg/d, and only 7% of all
women had dietary riboflavin intakes less than the EAR (0.9 mg/d).
Dietary riboflavin intake was similar in Canadian women of Eu-
ropean and Chinese ethnicity. However, when expressed on a per
1000 kcal basis, Canadian women of European ethnicity had lower
median dietary riboflavin intake than Canadian women of Chinese
ethnicity.

Food sources of riboflavin are presented for all women in
Figure 1 and by ethnicity in Figure 2. The predominant sources of di-
etary riboflavin were vegetables (26%) and milk and alternatives (25%).

Vegetables

Milk & Alternatives
Meat & Alternatives
Grains

Beverages

Fruits
Meal-replacement
Sweets/desserts
Fats

Others

0 5 10 15 20 25 30 35
Percentage

FIGURE 1 Food sources of riboflavin intake in young adult
women (aged 19-45 y) living in Metro Vancouver (n = 198).

Riboflavin from grain products, and meat and alternatives accounted
for 14% and 16%, respectively. Other groups that provided >5% of to-
tal riboflavin intake were fruits (7%) and beverages (6%). Although
Canadian women of Chinese ethnicity appeared to consume less ri-
boflavin from milk and milk alternatives and more from vegetables,
they were not statistically different from Canadian women of European
ethnicity. Dark-green vegetables and milk contributed 18% and 14%,
respectively, to total riboflavin intake from food sources (Supplemen-
tal Table 2). Eggs and nonalcoholic beverages (e.g., caffeinated bever-
ages, energy and sport drinks, and soft drinks) each contributed ~7%
to dietary riboflavin intake. Breakfast cereals contributed <5% to di-
etary riboflavin intake. No significant ethnic-specific differences were
found.

The mean number of daily servings from each of the 2007 Canada’s
Food Guide food groups is shown in Supplemental Table 3. Women
reported consuming, on average, 1.5 servings of milk and alternatives
per day, but the median was 1.3 servings. Median consumption of fluid
milk, including plant-based beverages, was 0.6 cups/d. Further, median

Milk & Alternatives
Vegetables

Grains

Meat & Alternatives
Beverages

Fruits
Meal-replacement
Sweets/desserts
Fats

Others

0 5 10 15 20 25 30 35
Percentage = Chinese ® European

FIGURE 2 Food sources of riboflavin intake in young adult

Canadian women of European (n = 107) and Chinese (n = 91)
ethnicity living in Metro Vancouver.
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TABLE 3 Relation between dietary riboflavin intake and
riboflavin status (EGRac) in women (aged 19-45 y) living in
Metro Vancouver (n = 198)’

B (95% CI) for

dietary riboflavin P
Model 1 (unadjusted) —0.02 (=0.04, 0.00) 0.081
Model 2 —0.04 (-0.07, —0.01) 0.021
Model 3 —0.03 (—0.07, 0.00) 0.082
Model 4 —0.03 (-0.07, 0.01) 0.100

"Linear regression was used with EGRac as a continuous outcome and dietary ri-
boflavin intake as the independent predictor (n = 183-198). Model 1 R? = 0.02.
Model 2 was adjusted for total energy intake (n = 198; model R? = 0.03; partial
R? for dietary riboflavin was 0.03). Model 3 was adjusted for total energy intake
and ethnicity (n = 198; model R? = 0.05; partial R? for dietary riboflavin was 0.02).
Model 4 was adjusted for energy intake, ethnicity, physical activity, marital status,
and income (n = 183; model RZ = 0.09; partial R? for dietary riboflavin was 0.02).
EGRac, erythrocyte glutathione reductase activity coefficient.

servings of total fruits and vegetables consumed was 4.6 servings/d, with
amedian of 1 serving of dark-green vegetables per day. Women reported
amedian of 4.6 servings/d of grain products and 2.1 servings/d of meat
and alternatives.

There was no association between dietary riboflavin intake and
EGRac (B: —0.02; 95% CI: —0.04, 0.00; P = 0.08) as shown in
Table 3 and Figure 3. After adjustment for energy intake, dietary ri-
boflavin intake was inversely associated with EGRac (B: —0.04; 95% CI:
—0.07, —0.01; P = 0.02), and dietary riboflavin explained 3% of the vari-
ance in EGRac. Dietary riboflavin was no longer associated with EGRac
after further adjustments (Table 3).

Using ANOVA, EGRac was compared between tertiles of dietary ri-
boflavin intake or dietary riboflavin intake per 1000 kcal (Figure 4).
There was no difference in EGRac across tertiles of total riboflavin
intake (milligrams per day), but EGRac did vary across tertiles of ri-
boflavin intake when expressed as milligrams per 1000 kcal (P = 0.04).
Post hoc analysis showed that only women in the highest tertile of
dietary riboflavin intake per 1000 kcal (>1.14 mg/1000 kcal) had
significantly lower EGRac (better riboflavin status) compared with
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FIGURE 3 Scatterplot of the association between dietary
riboflavin intake and EGRac in Canadian women of European and
Chinese ethnicities. n = 198. EGRac, erythrocyte glutathione
reductase activity coefficient.
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women in the lowest tertile of dietary riboflavin intake per 1000 kcal
(<0.98 mg/1000 kcal).

Discussion

In this convenience sample of young adult women from Metro Van-
couver, the majority of women had adequate dietary riboflavin intake
despite the high rates of apparent biochemical riboflavin deficiency (as
assessed by EGRac >1.40). Although Canadian women of European
ethnicity had poorer riboflavin status compared with Canadian women
of Chinese ethnicity, there were no significant ethnic differences in the
prevalence of inadequate dietary riboflavin intake or dietary riboflavin
intake. Moreover, dietary sources for riboflavin intake did not differ by
ethnicity. Lastly, dietary riboflavin intake was not associated with ri-
boflavin status (EGRac).

In this study, the prevalence of inadequate dietary riboflavin in-
take was similar to results previously reported in the CCHS (2004) and
British Columbia (BC) Nutrition Survey (1999). In the 2004 CCHS,
<3% of women aged 31-50 y in BC had dietary riboflavin intakes be-
low the EAR, but data were not reported for women aged 19-30 y due
to extreme sampling variability (17). Median (25th, 75th percentiles)
dietary riboflavin intake in the BC Nutrition Survey was 1.6 (1.4, 2.0)
and 1.5 (1.3, 1.8) mg/d in women aged 19-30 y (n = 266) and 31-
50 y (n = 282), respectively; only 2% and 8% of females aged 19-30 y
and 31-50 y, respectively, reported dietary riboflavin intakes below the
EAR (36). In our study, median riboflavin intake was 1.8 (1.3, 2.3) mg/d,
which is slightly higher than that reported in the BC Nutrition Survey,
but the intake distribution and prevalence of inadequate dietary intake
are comparable. Similar findings are reported in US populations (11),
where riboflavin fortification is mandatory and similar to Canada (37).

In this study, the major sources of dietary riboflavin were vegetables
(26%) and milk and alternatives (25%), followed by meat and alterna-
tives (16%) and grains (14%). The contribution of grains was slightly
lower than that reported by a study of the contribution of nutrients from
grain-based foods from the 2015 CCHS, in which grain-based foods
contributed 19% of riboflavin intake in Canadians; however, the results
included both males and females, and children (>2 y; n = 19,797) (19).
It is not surprising that 25% of dietary riboflavin intake was from milk
and alternative sources. A study of the contribution of nutrients from
milk and alternatives from the 2015 CCHS reported that milk and al-
ternatives contributed 24% of riboflavin intake in adults (aged >19 y;
n = 13,616), with milk being the top milk and alternative source, con-
tributing ~15% to total dietary riboflavin intake (18).

In the current study, it was unexpected that vegetables contributed
26% of dietary riboflavin intake. Although some vegetables, such as
dark-green vegetables, are good sources of riboflavin, the maximum
contribution of vegetables and vegetable products in European surveys
was only 13% (range: 3-13%) of total dietary riboflavin intake (38). De-
tails of food items categorized as vegetables are provided in Supplemen-
tal Table 1. Median daily servings of total fruits and vegetables (4.6 serv-
ings) in the current study is similar to the mean (& SE) of 4.7+ 0.1
servings of total fruits and vegetables reported by adults (18-54 y) in
the 2015 CCHS (39). We reported that median daily servings of dark-
green vegetables was 1.03, which is higher than the mean daily intake
(0.7 servings) of dark-green and orange vegetables in adults in the 2015
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CCHS (39). Overall, our findings showed that daily servings of total
fruits and vegetables are similar to national estimates, but intakes of
dark-green vegetables, which are a good source of riboflavin, appeared
to be higher.

The high prevalence of biochemical riboflavin deficiency observed
in women with adequate dietary intakes has been previously reported
in other populations. The UK’s National Diet and Nutrition Survey
(NDNS) 2014-2016 reported a median (2.5th, 97.5th percentile) in-
take of 1.39 (0.48, 2.79) mg/d, and that 14% of women aged 19-64
y had riboflavin intakes below the Lower Reference Nutrient Intake
of 0.8 mg/d (40). However, 61% of women had EGRac >1.30 (data
on prevalence of EGRac >1.40 or consumption less than the EAR
were not reported in recent NDNSs) (40). A survey of German adults
(n = 2006) reported a median EGRac of 1.37 (41) and median di-
etary riboflavin intake was 1.3 mg/d (2.5th, 97.5th percentiles: 0.5,
2.9 mg/d) in women (42). Another study conducted in older adults
(aged =65 y; n = 62; 82% women) from Northern Ireland reported
that dietary riboflavin intake was not correlated with EGRac (r = 0.12;
P =0.35) (43). The study also reported that 12% had an EGRac >1.40
and 33% had marginal status (EGRac = 1.20-1.40) (43). A subse-
quent 12-wk riboflavin intervention trial (n = 41) in the same popu-
lation reported that only supplementation with 25 mg/d of riboflavin
resulted in a significant reduction in EGRac; no significant change from
baseline was observed in subjects who received 1.6 mg/d riboflavin or
placebo (43).

The lack of association between dietary riboflavin intake and ri-
boflavin status that we report is similar to previous studies (43-45). A
study of Canadian adults (=65 y; n = 60, 50% women) from Edmon-
ton reported that the majority of participants had adequate riboflavin
intake (assessed by nonconsecutive 3-d food record) and found no rela-
tion between EGRac and dietary riboflavin intake (45). Similarly, a study
conducted in Spanish adults (25-60 y, n = 372, 51% women) reported
no significant correlation between intake (assessed by 48-h recall) and
EGRac (44).

A lack of relation between nutrient intakes and biomarkers of sta-
tus can occur when intakes exceed requirements, and variability in the
biomarker status can be due to factors other than the nutrient. In ad-
dition, the ability of dietary assessment tools to accurately capture ri-
boflavin intake could be a confounder in our study. However, the ri-
boflavin intakes in our study are comparable to those reported by the
2004 CCHS, 1999 BC Nutrition Survey, and 2003-2006 US NHANES.
Moreover, the EGRac values used to define marginal and deficient ri-
boflavin status could be too low. Studies that established EGRac >1.30
or >1.40 as the threshold of normality (46-48) employed older meth-
ods of the EGRac assay, which used higher FAD concentrations (>5
puM) than current methods, which use <2 uM FAD. As such, high FAD
concentrations can lead to an underestimation of EGRac due to the po-
tential inhibitory effect of high FAD concentrations on glutathione re-
ductase (49). Many studies employing the older methods report EGRac
values <1, which has been criticized (49). Some gut microbiota pro-
duce riboflavin, but their contribution to riboflavin status is not well
established in humans and riboflavin is predominantly absorbed in the
proximal small intestine (50).

Our study had a number of strengths. We provided data on both di-
etary riboflavin intake and riboflavin status in a relatively large sample,
including 2 major ethnic groups in Metro Vancouver that allowed for
the exploration of ethnic-specific differences. We used a standardized
FFQ (C-DHQ II), which could facilitate comparisons of these findings
with future studies. Some limitations include that the C-DHQ IT has not
been validated; however, it is expected to perform similar to the val-
idated US-DHQ I (28, 51) because only minor modifications were in-
corporated (52). In addition, the use of self-reported methods of dietary
assessment such as C-DHQ Il is associated with systematic and random
reporting errors although values reported in this study were comparable
to values reported by major national surveys (17, 36). Errors in intake
estimation can occur due to serving sizes and ethnic foods limitations.
We are only reporting on dietary riboflavin intake, not total riboflavin
intake, because supplement users were excluded at recruitment; median
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riboflavin intakes and status are commonly higher with supplement use
(12, 53, 54). Lastly, the use of a nonrepresentative convenience sample
limits the ability to control for selection bias and to generalize these
findings to the entire population of young adult women living in Metro
Vancouver. The majority of the women in this study were of high ed-
ucation and income levels, limiting the generalizability of the findings
to all women in Vancouver, including those with low socioeconomic
status. For example, 27% of the women reported an annual household
income >$80,000, compared with 10% in the 2016 census reported by
women (aged >15 y) living in Vancouver (55). Over 60% of our sam-
ple had obtained a bachelor’s degree or higher, compared with 39% of
women aged 25-64 y in Metro Vancouver reported in the 2016 census
(55). Others have reported associations of low education levels (9) and
low socioeconomic status (11, 56) with lower riboflavin intakes.

Overall, this study suggested that a low prevalence of inadequate
riboflavin intake can occur despite a high prevalence of apparent bio-
chemical riboflavin deficiency. The discrepancy between riboflavin in-
take and status reported in our study, along with previous studies, raises
the question of whether the deficiency cutoffs for EGRac are too low
and highlights the need to consider a review of the current dietary rec-
ommendations for riboflavin that were established in 1998, using cur-
rent biochemical assessment methods. Future research is also needed to
investigate potential determinants of EGRac and study more closely the
association between dietary riboflavin intake and different biomarkers
of riboflavin status in women.
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