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CHAPTER I 

INTRODUCTION 

The nutritional status of all populations needs to be 

monitored as changes in lifestyle and culture cause changes 

in eating habits (1). Monitoring the nutritional status 

of all· age groups allows the researcher to uncover defi

ciencies of nutrients due to changing eating habits or to 

lack of knowledge about nutrient needs. By uncovering and 

treating deficiencies of nutrients through supplementation 

and nutrition education, clinical deficiencies and other 

medical problems can be prevented. Nutritional status 

studies have also been recognized for their value in devel

oping nutrition policies, because these studies identify 

problem areas of nutrition and trends in nutritional status. 

Monitoring nutritional status is a preventative form of 

health care. Due to the rising cost of health care, there 

should be more emphasis on the prevention rather than the 

treatment of diseases (2, 3, 4). 

In order for studies of nutritional status to be 

valid, standards for assessing status and methods of data 

collection need to be evaluated and improved, if neces

sary (4). There is a need for research in methodology for 

determining nutritional status. There is a hesitation 
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among the general population to participate in nutritional 

studies (5, 6), and the hesitation to become involved is 

greater when biochemical or clinical data are required 

(7); therefore, less invasive methods of determining nu

tritional status need to be evaluated. This study will 

evaluate three methods used to judge riboflavin status. 

Adolescents, as a group, have many characteristics 

which encourage examination of their nutritional status. 

Adolescents grow at different rates from each other, and 

have different physiological needs than children or 

adults (8). Because nutrient recommendations are based on 

chronological rather than physiological age, they can only 

be regarded as rough approximations for adolescents (9). 

Recommendations for adolescent nutrient needs are based 

largely on fragmented, little, or no data. Nutrient re-

quirements for adolescents have often been based on the 

requirements of younger children or adults (10). Previous 

nutritional surveys have provided biochemical evidence of 

riboflavin deficiency in adolescents (7, 11, 12, 13). For 

these reasons, the riboflavin nutritional status of adoles

cents needs to be monitored. 

This study will examine the riboflavin status of 

adolescent girls through various methods. It is hoped 

that this research will help those examining the nutri

tional status of adolescents and help those who seek to 

improve the methods used to examine nutritional status. 
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Purpose and Objectives 

The purpose of this study was·to assess the extent to 

which urinary excretion of riboflavin reflects riboflavin 

intake, as recalled the next day, and riboflavin satura

tion of the body, as indicated by erythrocyte glutathione 

reductase (EGR) stimulation. 

The following objectives were developed to guide the 

study: 

1. To determine if urinary excretion of riboflavin 

in a rising urine speci~en, relative to creatinine excre

tion, reflects recent riboflavin intake; 

2. To determine if urinary riboflavin, relative to 

creatinine, reflects the riboflavin state in the body, as 

shown through erythrocyte glutathione reductase stimulation. 

Hypotheses of the Study 

The following null hypotheses were examined: 

1. There is no significant relationship ~etween the 

riboflavin status of members of the population as deter

mined by riboflavin excretion and the status suggested by 

dietary intake of riboflavin. 

2. There is no significant relationship between the 

riboflavin status of members of the population as deter

mined by the degree of erythrocyte glutathione reductase 

stimulation by riboflavin containing cofactor, an ac

cepted index of body state. 



Assumptions 

The following assumptions were recognized in the 

study: 

1. It is assumed that the respondents were accurate 

in recalling all food items eaten the preceeding 24 hours 

and in estimating amounts eaten. 

2. It is assumed that the respondents' 24~hour 

dietary recall was typical of their daily intake. 

3. It is assumed that the riboflavin relative to 

creatinine excretion in· the urine samples was not af

fected by variables that may affect urine composition, 

such as work, sleep, heat, and diuresis. 

Definition 

The following concept is defined for clarity in how 

4 

it was used in the study. Riboflavin status is the degree 

to which an individual's physiological need for riboflavin 

is met by the intake of riboflavin. It is the result of 

a balance in the individual between riboflavin intake and 

riboflavin catabolism or excretion. The riboflavin status 

of a subject is reflected in several measurements such as 

the excretion of riboflavin and an activity coefficient, 

which represents the degree of erythrocyte glutathione 

reductase stimulation by an in vitro addition of riboflavin 

containing cofactor in the form of flavin adenine dinucleo

tide (FAD). 



CHAPTER II 

REVIEW OF LITERATURE 

Sources of Riboflavin 

Riboflavin belongs to a group of yellow fluorescent 

pigments called flavins. Riboflavin combines in the tis

sues with phosphoric acid to become part of the structure 

of two flavin ·coenzymes, flavin monomucleotide (FMN), and 

flavin adenine dinucleotide (FAD) (14). 

Riboflavin is found in a wide variety of foods, though 

it is usually found in small quantities. The best dietary 

sources are milk and other dairy products. Organ meats 

also contain high concentrations of riboflavin. Lean meats, 

eggs, and green vegetables are also important daily sources 

of riboflavin. Fortified breads and cereals contribute to 

the total daily riboflavin intake (14). A mixed diet with 

milk and meat products is not likely to be low in ribo

flavin, but with the omission of dairy and animal foods 

the diet may easily become deficient in riboflavin (15). 

Riboflavin is a B vitamin and is sparingly water 

soluble. It is relatively stable to heat, oxidation, and 

acid. It disintegrates in the presence of alkaline sub

stances (14). The rate of riboflavin destruction increases 

as pH and temperature increase (16). It is very sensitive 

5 
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to light, especially ultraviolet light (14). Exposure to 

the sunlight affects the riboflavin content greatly. When 

milk was widely delivered in glass bottles, this character

istic of riboflavin was significant. Milk, on exposure to 

sunlight in glass bottles, loses 60 percent of the ribo

flavin content in two hours (17). The improvement of milk 

containers has helped decrease the riboflavin lost (18). 

Riboflavin also acts as a sensitizer of the destruction of 

other vitamins (17). Luminflavin, the product resulting 

from riboflavin destruction> destroys the ascorbic acid 

in milk. Another study (19) showed that summer corrunercial 

milk contained 20 percent more riboflavin than winter milk. 

This suggests that the summer pasture provides the cow 

with a better riboflavin s6urce than winter grazing or 

feeds may provide. 

The content of riboflavin in foods is variable. When 

processing, storing, and preparing foods, the factors which 

cause riboflavin content to vary should be considered. The 

use of good food preparation and storage techniques along 

with the saving or use of thaw and cooking liquids helps 

to keep riboflavin loss low. Riboflavin is found in a 

wide variety of foods and is relatively stable to most en

vironmental factors except alkaline substances and ultra

violet light. 

Riboflavin Metabolism 

Riboflavin combines in the intestinal mucosa with 

phosphoric acid to become part of two flavin coenzymes, 



RAD and FMN. These coenzymes catalize oxidation and re-

duction reactions in cells as hydrogen carriers in the 

mitochondrial electron system (14). The enzymes with 

which they function include the amino acid oxidases, 

xanthine oxidase, the succinic dehydrogenase complex~ 

glutathione reductase, and others (15). Cellular growth 

cannot evolve in the absence of riboflavin (14). 

Most studies in the area of absorption and elimina

tion have used large doses of riboflavin and are there

fore more useful when examining mechanisms of these 

processes in regard to riboflavin, rather than investiga

ting the quantitative aspects of these mechanisms when 

riboflavin is from normal dietary sources (20). Ribo

flavin is absorbed by a specialized transport process 
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that is localized in the proximal small intestine (20). 

Two studies featured support this theory. One study (21) 

showed that when a 30 mg dose of riboflavin was given, 50 

percent of the oral dose was recovered. Rapid absorption 

of riboflavin is reflected by the early appearance of peak 

excretion rate (21). Such rapid absorption indicates that 

specialized transport may be used in absorption. Special-

ized transport is also indicated through site specificity. 

A study in this area (22), comparing riboflavin adminis

tration by various routes, revealed that riboflavin ab

sorption occurred mostly in the small intestine. 

Riboflavin is eliminated from the body through renal 

excretion, biliary excretion, minor losses with various 
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body secretions and metabolic conversions to other flavins, 

coenzymes, and flavoproteins (23). The condition of the 

subject and size of the riboflavin dose determines the 

amount of riboflavin to be recovered and how quickly it 

will be recovered (23). The renal excretion of riboflavin 

involves glomerular filtration, tubular secretion, and 

tubular reabsorption. The contribution of each to the 

renal output depends on the amount of vitamin in the body. 

For example, in normal subjects intravenous doses of 30 mg 

riboflavin could be almost completely recovered in the 

24-hour urine collection (23), whereas only 39 percent of 

a 1 mg intravenous dose was found in the urine. In sub

jects with ariboflavinosis, o~ly 15 percent of a 1 mg 

dose was recovered 

Administration of either riboflavin or FMN results 

in the urinary excretion of mainly riboflavin (23). No 

significant amount of other urinary excretion products are 

produced in man after large intravenous doses of ribo

flavin (23). Degradation products of riboflavin have been 

found in the urine after a 1 mg oral dose of riboflavin. 

Part of the unabsorbed vitamin was degraded by bacteria in 

the gastrointestinal tract to hydroethylflavin which was 

then absorbed and appeared in the urine 24 hours or more 

after the dose (25). Riboflavin is absorbed in the small 

intestine, combines to become part of two coenzymes, and 

is excreted as mainly riboflavin without oth~r significant 

excretion products. 
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Dietary Intake of Riboflavin 

The nutritional status of an ~ndividual cannot be 

adequately judged by the nutritive value of the nation's 

food supply, as in food consumption surveys, or of an in

dividual food intake alone. Even knowledge about the food 

consumption of families does not reveal the intake of 

family members because certain members may eat well or 

poorly due to family food patterns or individual food 

habits (26). Individual food habits can be evaluated 

through the use of 24-hour dietary recalls, dietary his

tories, or various other questionnaires. Through the use 

of food samples, representing different size portions of 

food, trained personnel, and detailed questions, it is 

possible to get data on the kinds and amounts of food 

eaten on the previous day (22). The meal-by-meal estima

tion and recording of food gives a view of all food items 

eaten, but the amount reriorded may be just approximate. 

Measurement of food intake can help correct this disad

vantage, but this is impractical in large research stud

ies. The recording or disclosing of food intake can cause 

an individual to deviate from normal eating habits (20). 

One-day diet records show close agreement with seven

day food records in a large population (28). In small 

samples, however, there is much variation in the nutrient 

means obtained from each record. If one-day intake values 

are held valid for an individual's intake, problems may 
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arise. A person may eat far more or less on a given day 

than usual, so an individual's intake of nutrients may be 

grossly different from a one-day intake than from, say, a 

seven-day average (28). 

A 24-hour dietary recall is a verbal or written re

call of food eaten in the past 24 hours. Such recalls, 

because they depend on memory, are subject to human error. 

One-day dietary recalls, carefully taken and analyzed, 

have a real value in determining the intake of a popula

tion. · One-day dietary records should not include feast 

days, fast days, or days of illness because of dietary 

variations, unless these days occur frequently and are 

usual for the individual. In females, the dietary intakes 

on Sundays was higher than on weekdays (29). There are 

also seasonal variations in the dietary intake in regard 

to some nutrients such as vitamin C, calcium, and ribo-

flavin (30). One study (31) examined the validity of the 

24-hour recall. No significant difference was found in 

regard to riboflavin and most nutrients except kilocalor

ies between the 24-hour recall and the actual intake. Milk 

and milk products as a group are remembered well in nutri

tional recalls (32). Since this food group contains good 

sources of riboflavin, the recall of riboflavin is be

lieved to be of value. 

Replications of the 24-hour dietary recall have a spe

cial and potentially important use in studies which re

quire high levels of accuracy for individual data. 
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Repeated recalls should be used more frequently in stud

ies where there is not an extreme range of variation in 

nutrient intake among the population. When daily varia

tion is extreme, the recalls will reveal this situation 

and indicate that no method short of extensive daily 

sampling is likely to describe the dietary intake in 

those individuals (34). The longer the interval between 

measurements, the greater the chance for changes in food 

habits. Recollection of the first interview should not 

influence the second interview. Repeated recalls for in

dividuals correlated poorly with each other, but at the 

group level the results of the repeated 24-hour recall 

were very similar (34). Many points are raised to empha

size the hazards of placing too much weight on nutrient 

intake data. However, such data do provide guides for 

evaluating the nutrient intake within reasonable limits 

for various population groups (20, 26). 

The Recommended Dietary Allowances of the Food and 

Nutrition Board of the National Research Council are de

signed for the maintenance of good nutrition in all healthy 

people of the United States (35). The RDA are set at 

levels above the physiological requirements to cover vari

ations in the needs of all population groups. Requirements 

differ with age, body siie, sex, and stage of growth and 

are also influenced by activity and environment. The RDA, 

when used wisely, have much value in providing goals for 

population groups that will assure them good nut~itional 
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status (26). Analyzing the methods of recording dietary 

intakes and recognizing their advantages and disadvantages 

helps the researcher to select a method to accurately re

call dietary intake. 

Urinary Excretion as an Indicator 

of Status 

The body metabolizes little riboflavin so that urin~y 

excretion appears to correlate well with reserves and in

takes of the vitamin (36, 37). However, in conditions of 

negative nitrogen balance, fasting, bed rest, heat stress, 

and starvation, deceptively high excretion levels of ribo

flavin may be found. On the other hand, sleep and short 

periods of heavy work decrease riboflavin excretion (38). 

If urine is to be used for an assay of nutritional 

status, the researcher must determine when and what size 

urine samples will be collected. The 24-hour urine speci

men provides the most accurate estimate of the daily ex

creted nutrient amount (38). This method is hard to use 

in field surveys and has the disadvantage of being physi

cally difficult and sometimes embarrassing to collect. It 

is difficult also to assess the completeness of the sam

ple, since a portion of the sample could have been missed. 

A random specimen is easier to obtain, but does not pro

vide the accuracy found in a timed or 24-hour urine speci

men. This is because it has the disadvantage of varying 

sizes of samples, physical activity, liquid consumption 
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prior to collection, and the time of day when the sample 

is collected (38). All these factors may a~fect the 

riboflavin concentration. A timed urine sample also shows 

many of these disadvantages and is not practical to col

lect in many nutritional studies (27). The overnight or 

first voided morning specimen has merit because there is 

some standardization in the physical activity and the 

liquid consumption during the collection period (38). 

This specimen is also more convenient for individuals to 

give because most people experience a need to urinate 

upon waking. 

If nonfasting samples are collected, urinary ribo

flavin levels may be elevated, reflecting recent ribo

flavin intake. However, this effect is minimal in 

individuals with marginal or inadequate intakes of rib

flavin or in those whose body stores are depleted or not 

saturated. Under these conditions, any riboflavin eaten 

would be largely retained rather than excreted. The 

errors associated with random or overnight urine samples 

are of reduced concern, since they would be largest in 

those with adequate intakes of riboflavin (38, 39). 

In many nutritional surveys, the amount of a nutri

ent excreted has been expressed in relation to the amount 

of creatinine excreted. Creatinine is a urinary consti

tuent resulting from tissue catabolisrn and is eliminated 

at a fairly constant rate by an individual in amounts 

roughly proportional to lean body weight (5). Comparison 
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of creatinine to other urine nutrients is based on the 

assumption that creatinine excretion is relatively con

stant in the amount and rate of excretion and that the 

concentration in any random urine sample could be used to 

derive a factor applicable to analyzing other nutrients 

(40). Expressing the urinary riboflavin per gram of ere-

atinine has the advantage of correcting for variation 

due to the dilution of urine as the solute load and body 

size vary (39). Creatinine excretion does vary with diet, 

body size, age, sex, time of day, and meat intake, but 

varies less than most other components of urine. Urine 

creatinine differs from one individual to another, but 

the excretion for any given individual may be reasonably 

constant (27). 

Clark (39) concluded that riboflavin-to-creatinine 

ratios would be useful in evaluating the nutritional 

status of population groups but not of individuals, based 

on studies of adolescent girls and boys. One study (41) 

showed that the urinary excretion of riboflavin per six 

hours can be predicted from the excretion per gram of 

creatinine within limits of 30 to 40 percent. The pre

dictability is affected by variations in body size, cre

atinine excretion, and intake of creatinine. The 

predictability is more accurate with a fasting urine 

sample (41). Plough and Consolazio (41) concluded that 

for surveys of large groups of individuals, the measure

ment of vitamin excretion per gram of creatinine in 



casual urine samples is a satisfactory procedure in the 

biochemical evaluation of nutritional status. 
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Despite the criticisms against the use of creatinine 

as a basis for determining the excretion of vitamins in 

casual specimens of urine, it is still a helpful tool in 

nutrition surveys of large groups. Urinary vitamin-to

creatinine ratios are useful indicators of the nutritional 

intake of a population. When a large percentage of the 

population shows low excretions, it may be concluded that 

the intake of that nutrient is substandard and clinical 

signs of deficiency may be anticipated if such practices 

continue (27). Analyzing the urine for riboflavin and re

lating that to creatinine gives the researcher a good 

index on which to judge riboflavin status. 

Blood Constituents as an Indicator 

of Status 

Plasma levels of nutrients reflect, to a large de

gree, recent dietary history rather than long term nutri

tional status. The use of fasting samples will reduce 

some of the variance in nutrients in the body due to 

variation in recent dietary intake (38). Riboflavin, FMN, 

and FAD have been measured in blood, plasma, and erythro~ 

cytes (38, 42). Under conditions of restricted riboflavin 

intake, the riboflavin content of erythrocytes and plasma 

decreased (42). Plasma levels of riboflavin may be more 

related to the riboflavin consumed just before sampling 
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than to the riboflavin saturation of body tissues. The 

riboflavin content of the erythrocytes was iess sensitive 

to dietary influences than was that of plasma, as shown 

by the slow recovery of erythrocyte riboflavin content 

during repletion (36). The erythrocyte should therefore 

be a better index of riboflavin saturation of body tis

sues than plasma (36). 

A recently developed method of evaluating riboflavin 

is based on the measurement of erythrocyte glutathione 

reductase. Erythrocyte glutathione reductase (EGR) is 

one of two flavoproteins in the erythrocyte requiring FAD. 

Protein-bound riboflavin, such as that in EGR, is not 

markedly affected by daily fluctuations of dietary ribo

flavin intakes because tissue riboflavin, in the form of 

FMN and FAD, is not mobilized until the circulating free 

riboflavin has been depleted. The degree of activity of 

EGR, with and without riboflavin containing cofactor, FAD, 

is expressed by an activity coefficients (AC). The ac

tivity coefficient was related to riboflavin status in 

individuals during partial riboflavin depletion and reple

tion. Urinary riboflavin was less useful in measuring the 

severity of the riboflavin deficiency than EGR activity. 

The sensitive response of AGR to FAD addition is assumed 

to be representative of the response of other tissues to 

riboflavin and to reflect the degree to which an enzyme 

is saturated with vitamin containing cofactor. High ac

tivity coefficients of EGR identified those individuals 
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receiving marginal amounts of riboflavin for long duration 

as well as those suffering from severe arib6flavinosis. 

Activity coefficients should be useful in nutritional sur

veys for the evaluation of riboflavin status of individ-

uals. The activity coefficients of EGR are a sensitive 

measure of the riboflavin metabolic status in humans (43). 

Riboflavin Status of Adolescents 

The riboflavin status of adolescents as examined 

through dietary, urinary, and blood constituents will be 

reviewed. Riboflavin deficiency has been reported in 

adolescent populations in the United States. Riboflavin 

intakes of 31 percent of the white and 24 percent of the 

black adolescent girls of one such population were below 

67 percent of the Recommended Dietary Allowance (RDA) (45). 

The greatest prevalence of riboflavin deficiency in adoles

cents (12), as shown by EGR activity coefficients, was 

among those who consumed less than one cup of milk per 

week, and the lowest prevalence, in those who consumed 

more than three cups a day. 

Urinary excretion of riboflavin by one adolescent 

sample of over 400 averaged 369 ~ 22 µg riboflavin/g 

creatinine (13). Thirty percent of all girls, including 

27 percent of the white girls and 47 percent of the black 

girls, excreted less than the desirable level (13). Ribo-

flavin deficiency occurred in 17 percent of male and fe

male adolescents at the poverty level in a survey based 

on excretion of riboflavin ( 7). 
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Based on EGR stimulation, 11 percent of over 400 ado

lescents (13) had riboflavin deficiency, while 16 percent 

of all girls and 38 percent of the black girls were de

ficient. Another study (11) revealed that 11 of 100 sub

jects, ranging in age from 2-1/2 days to 14 years, had 

EGR stimulation indicating riboflavin deficiency. In 

another adolescent population (12) 23 percent of the sam

ple, including 15 percent of the whites, 20 percent of 

the Hispanics, and 34 percent of the blacks were deficient.' 

Due to the small number and variation of the studies in 

this area, it is hard to make definite conclusions about 

the riboflavin status according to sex, race, age, loca

tion, or time of the study. However, examination of in

takes reveal that white males had the best riboflavin 

intakes followed by black females, white females, and 

black males (45). The riboflavin excretion and EGR stimu

lation show that white males again had the best status, 

followed by white females, black males, and black females 

( 13). Generally, males and whites appear to have the best 

riboflavin status. 

There is much discussion as to the possible causes 

of riboflavin deficiency in adolescents. The cause may be 

dietary habits which lead to low riboflavin intakes, as 

suggested by several studies (12, 44, 46, 47). Apparent 

riboflavin deficiency may in some cases be due to lack of 

adequate research upon which to establish guidelines for 

judging riboflavin nutriture (9, 48). Any effect of oral 
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contraceptives on riboflavin nutriture may have some ef

fect on the status of adolescents who become sexually 

active. Riboflavin excretion was not significantly dif

ferent between the oral contraceptives (OC) and the non-OC 

users (49). Oral contraceptive users appeared to have 

lower EGR levels than non-DC users, although this differ

ence was not significant. This led the researchers to 

suggest that there may be a risk of depletion of riboflavin 

body stores when marginal dietary intake of riboflavin is 

coupled with OC use. The riboflavin status of adolescents 

and the methoqs US$d to determine that status have been re

viewed. This study will examine the riboflavin status of 

a sample of female adolescents using three methods ·to de

termine riboflavin status. 



CHAPTER III 

PROCEDURES 

This research was conducted as an ancillary study in 

connection with the Southern Regional Research Project 

S-150 "Nutritional Health of Adolescent Females," funded 

by the United States Department of Agriculture. This study 

involves the states of Oklahoma, Arkansas, Virginia, Ten

nessee, Louisiana, North Carolina, South Carolina, and 

Alabama. Only the data from Oklahoma were used in this 

study. The subjects included all S-150 subjects and addi

tional girls who failed to meet age intervals specified for 

the ~egional study. Girls were studied between February 

and May of 1981, and analytical work was completed between 

February and December of 1981. 

Sample 

The population was adolescent girls enrolled in se

lected public schools and youth groups in various sites 

in north-central Oklahoma. The girls who volunteered for 

the research and their parents were required ~o give in

formed consent for participation. The volunteers were 

given special directions and instructed to meet at the 

data collection sites on designated days, usually Saturdays, 

20 
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where dietary, sociological, psychological, anthropometric, 

biochemical, and clinical data were gathered from each 

subject. 

One hundred and fifty girls participated in the study. 

Their distribution by age, race, and income is shown in 

Table I. Seventy-seven percent of the population were of 

the white race and 23 percent were of the black race. Two 

of the girls classified as black were part American Indian. 

The mean, standard deviation, and range of the variables 

of age, income, and body weight is shown in Table II. The 

average age of the girls was 13 years and 10 months. The 

ages ranged from 11 years and 8 months to 16 years and 6 

months. The average per capita income was $5,925, with a 

range of $800 to $20,000. The average body weight was 114 

pounds, with a range of 72 to 195 pounds. Thirty-one per

cent of the sample was pre-menarcheal; 69 percent was post

menarcheal. The girls were broken into three age 

categories. The 12-year-old category included all subjects 

less than 13.5 years. The 14-year-old category included 

all those girls between 13.5 to 15.5 years. The 16-year

old category included those girls older than 15.5 years. 

Urine and blood samples were not available from all 

subjects. 

Data Collection 

Dietary 

Information was taken through an interview which 



Variable 

Race 

White 

Black 

Total 

TABLE I 

POPULATION DISTRIBUTION BY AGE, 
RACE, AND INCDME 

Age Categories (yrs. ) 

12 14 16 

41 44 27 
( 2 8 ) ;': (30) (18) 

8 20 6 
( 5) (17) (4) 

49 64 33 
(34) (44) (23) 

Per Capita Income 

Categories 

< $5,500 25 31 17 
(17) (21) (11) 

> $5,500 27 33 15 
(18) (22) (10) 

*Parentheses designated percentage of total 

TABLE II 

sample. 

MEAN, STANDARD DEVIATION, MINIMUM, AND 
MAXIMUM VALUES OF THREE VARIABLES 

Min. 
Variable n Mean SD Value 

Age, months 150 166 17 140 

Per Capita 
Income, Dollars 148 5,925 3,180 800 

Body Weight, 
Kilograms 147 51. 6 10.3 3 2. 8 

22 

Total 

112 
( 7 7) 

34 
(23) 

146 
(100) 

73 
(49) 

75 
(51) 

Max. 
Value 

198 

20,000 

88.4 
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included a 24-hour recall and questions about meal patterns 

and food habits. The subjects were asked to recall all 

that was eaten after waking on the previous day. Trained 

nutritionists interviewed the subjects. A set of food 

models made of paraffin-coated rice resembling the spapes 

of food on a plate, a set of calibrated beVerage glasses, 

a card with various circles and squares, and a ruler were 

used as aids for estimating the sizes of food servings. 

Food items and amounts were coded. Nutrient totals were 

calculated by the Nutritional Analysis System in Baton 

Rouge, Louisiana. The riboflavin intakes of the subjects 

were evaluated by comparison with the Recorr~ended Dietary 

Allowances for riboflavin for their age. Two dietary re

calls were taken. The dietary data from the day previous 

to the urine and blood collection was used for analyses 

relating riboflavin excretion and intake, since this in

take might have more influence on the urine reading. 

Nutrients from a dietary recall taken two or more weeks 

after the first recall were averaged with those from the 

first recall for relating intake to EGR stimulation. 

Urine 

The subjects were instructed to bring with them to 

the research site a urine sample collected from the first 

void of the day. They had fasted from 10:00 p.m. the 

previous night until blood was drawn after 8:00 or 9:00 

p.m. Urine was protected from light and was acidified 
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with 1 ml of glacial acetic acid per 25 ml of urine. It 

was stored frozen until it was analyzed by this researcher. 

Riboflavin excretion was determined by a modification of 

the fluorometric technique which measures the fluorescence 

of the riboflavin after oxidation-H2o2 and after extrac

tion with a butanol-pyridine solution. An internal stand

ard is used and the blank is determined by destruction of 

the riboflavin by irridation (6, 50). Creatinine was de

termined by the alkaline picrate procedure in which cre

atinine reacts with picrate to produce a stable, intense, 

orange color which.is measured spectrophotometrically (6, 

51). The riboflavin excretion will be expressed as micro-

grams of riboflavin per gram ?f creatinine; values below 

70 µg/g creatinine are considered indications of riboflavin 

deficiency for 10 to 15 year olds (7, 38, 39, 45). 

Erythrocytes 

A blood sample was taken from each subject by a medi

cal technologist. Heparized blood was centrifuged. 

Plasma and white cells were removed and red cells were 

washed twice in two volumes of 0.9 percent sodium chlo

ride. A final 1:20 dilution of cells in water was stored 

frozen until it was analyzed by a team researcher. Ery

throcyte glutathione reductase was determined spectropho

tometrically, with and without added riboflavin-containing 

cofactor, by the method of Tillotson and Baker (43). The 

rate of enzyme reaction is measured by loss of the 



substrate color. The assay results were expressed in 

terms of activity coefficients (AC) representing the de-

gree of stimulation resulting from the in vitro addition 

of FAD. 

The activity coefficient is expressed as: 

AC_reduct~on of absorbance with added FAD/10 minutes 
reduction of absorbance without added FAD/10 minutes 
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Since the EGR activity coefficient appeared to be unrela-

ted to age and sex, a single value of 1.20 has been used 

for all ages to indicate the upper limit of normal. Ac-

tivity coefficients about this value, indicating a 20 

percent increase in stimulation, have identified those 

deficient in riboflavin (38, 4&). 

Analysis of Data 

The data were analyzed to examine how the status de-

termined by riboflavin excretion was related to the status 

that was suggested by dietary riboflavin and that was de-

termined by EGR stimulation. In order to relate variables 

or account for the effects of riboflavin intake, ribo-

flavin excretion, and EGR stimulation, Pearson correla-

tion coefficients (r), analysis of variance, and analysis 

of covariance were calculated. The effects of other vari-

ables such as age, race, income, calcium intake, protein 

intake, weight, day of data collection, menstruation, and 

vitamin usage were examined against the three methods of 
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determining riboflavin status using regression and Pearson 

correlation. The variables were tested both as categori-

cal and as continuous data when possible, to identify 

either linear or non-linear effects. To account for the 

effects of more than one variable simultaneously, an 

analysis of covariance was carried out using GLM in the 

Statistical Analysis System (SAS) computer program (52). 

For the three methods of determining riboflavin status, 

categories were developed to identify good and poor val

ues. These methods were compared against each other 

using chi-square tests for distribution for all pairs of 

variables. A level of significance for determining rel~

tionship or differences was established asp< 0.05. 



CHAPTER IV 

RESULTS AND DISCUSSION 

.Results 

The results can be divided into three categories of 

data: dietary, riboflavin excretion, and erythrocyte 

glutathione reductase (EGR) stimulation. First, each of 

the three types of data will be presented and discussed 

along with the re~ults of other studi~s. Then the re

sults will be applied to the acceptance or rejection of 

the hypotheses. Finally, the population status and the 

methods used to determine status will be discussed. The 

population has been described according to general charac

teristics in Tables I and II. 

Riboflavin Intake 

The mean riboflavin intake was 1.96 mg when deter

mined from averaging two days' intakes (Table III). The 

least squares means and standard errors, based on an 

analysis of variance describing the effects of race, age, 

and income on the previous day's riboflavin intake and 

on the two-day average riboflavin intake are shown by 

Table IV. All groups had mean riboflavin intakes above 

the 1.3 mg recommended by the National Research Council 

27 
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(36). None of the probabilities for the effects of the 

variables were significant. 

TABLE III 

MEAN, STANDARD DEVIATION, MINIMUM, AND 
MAXIMUM VALUES OF SEVERAL VARIABLES 

Min. 
Variable n Mean SD Value 

Riboflavin intake, 
prev. day, mg 145 2.17 2.44 0. 3 6 

Riboflavin intake, 
avg. , mg 150 1. 96 1. 99 0. 3 5 

Calcium intake, 
avg., mg 150 826 384 198 

Protein intake, 
avg., g 150 64 24 17 

Riboflavin excre-
tion, µg/g crea-
tinine 140 577.8 436.8 1. 2 

EGR, % stimula-
ti on 146 16.7 12.6 -9.0 

Note: avg.=average; prev.=previous; min.=minimum; 
maximum. 

Max. 
Value 

16.83 

17.09 

2291 

184 

2573.4 

61. 0 

max.= 

Despite the fact that mean intakes exceeded recom-

mendations, 31 percent of the population had intakes below 

the recommended allowances for that age group, and 12 per-

cent consumed below 67 percent of the RDA. Twenty-seven 
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percent of a group of teenagers, ranging in age from 12-

19 years, in Kentucky (44), had riboflavin intakes below 

67 percent of the RDA. Perhaps the Oklahoma girls in 

this study showed better intakes because they were younger 

than the Kentucky population and their dietary intake may 

be more influenced by their families. Those who consumed 

more than three cups of milk a day (12) showed the lowest 

prevalence of riboflavin deficiency. Whites had the best 

milk consumption, followed by Hispanics and blacks. 

TABLE IV 

LEAST SQUARES MEANS AND STANDARD ERRORS 
OF RIBOFLAVIN INTAKE, FROM ANALYSIS 

OF VARIANCE INCLUDING RACE, AGE, 
AND INCOME 

Riboflavin Intake, mg 
Variables Previous Day Two-Day Average 

Race 

White 
Black 

Age Categories 

12 
14 
16 

Per Capita Income 
Categories 

< $5,500 
..::. $5,500 

'°'SEM 

2.11 + 0.25•': 
2.46 + 0.48 

2.51 + 0.41 
2. 3 2 + 0.35 
2.01 + 0.51 

2.13 + 0.33 
2.44 + 0.37 

1. 93 + 0.21 
2.06 + 0. 3 9 

2. 3 3 + 0.34 
1. 99 + 0. 2 8 
1. 66 + 0.42 

1.94 + 0.27 
2.05 + 0.30 



Correlations calculated for pairs of variables are 

shown in Table V. The significant correlations with ribo

flavin intake of the preceding day and average riboflavin 

intake are average calcium intake and average protein in

take. There was a significant and strong positive corre

lation between average riboflavin intake and previous day 

riboflavin intake, which was one component of the average. 

Riboflavin intakes varied with intakes of other nutrients, 

probably because many foods that are high in riboflavin 

are also good sources of calcium and protein. 

30 

Riboflavin intakes were related to those of other nu

trients such as protein and calcium. The calcium intake was 

examined because several food sources that are high in ribo

flavin are also high in calcium; 85 percent of the population 

had calcium intakes below the 1200 mg recommended (36) for 

this age group. The average calcium intake was 826 mg, with 

a range of 198 mg to 2291 mg. Among Kentucky teens (44), 24 

percent had intakes of at least 67 percent of the RDA, com

pared to 46 percent J.n that range in this study. Thus, the 

calcium intake of a larger portion of the population studied 

here met that standard than of Kentucky teens. Twenty-two 

percent of the population had protein intakes below the 46 g 

recommended for this age group (36). The average protein 

intake was 64 g, with a range of 17 to 184 g. 

Riboflavin Excretion 

The urinary excretion of riboflavin is presented as 



Variable 

Previous day 
ribo. intake 

Average ribo. 
intake 

Average cal-
cium intake 

Average pro-
tein intake 

Ribo. excre-
' . 
"ClOD 

EGR stim. 

TABLE V 

CORRELATIONS COEFFICIENTS, PROBABILITIES, AND THE 
NUMBER OF OBSERVATIONS EXAMINED FOR 

PAIRS OF VARIABLES 

Previous Day Average Ribo. Ribo. Excre-
Ribo. Intake Intake tion EGR Stirn. 

--- .9494;': .1869~': -.0895 
--- .0001 .0281 .2863 

145 138 144 

,9494;': --- .1472 -.0406 
.0001 --- . 0 8 2 6 .6266 

145 --- 140 lL~ 6 

. 2622;': .2921* .1497 .1171 

.0014 .0003 .0694 .1593 
145 150 148 14.6 

.1836;': .2239 -.2213 .0204 

.0271 .0057 .0069 .8066 
145 150 148 146 

.1869;': . 14 72 --- -.064Lf 

.0281 .0826 --- .4512 
138 lL~O --- 139 

.0895 -.0406 -.0644 ---

.2836 .6266 .4512 ---
144 146 139 ---

;':p < 0.05. Note: ribo.=riboflavin; stim.=stimulation. 

Age 

-.1372 
.0999 

145 

-.1509 
.0653 

150 

-.0259 
.0013 

150 

-,2544;': 
.0017 

150 

-.0272 
.0011 

140 

-.0081 
.9226 

146 

w 
f-J 



the riboflavin-to-creatinine ratio. The mean ratio was 

578 µg riboflavin/g creatinine, with a range of 1.2 to 

2573 (Table III). Guidelines based on research (7, 38, 

45) show that riboflavin excretion less than 70 µg 

riboflavin/g creatinine indicated deficient status in 10 

to 15 year olds. The least squares means and standard 

errors on an analysis of variance which included demo

graphic variables and previous day's riboflavin intake 
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or EGR stimulation are shown in Table VI. The highest 

excretion levels were by the 12 year old category, those 

with per capita incomes below $5,500, whites, and those 

with riboflavin intakes greater than 1.3 mg. The 12 year 

old category was the only group with mean excretion above 

600; it presumably had the lowest creatinine excretion 

because of the smaller size of girls in that age group. 

Riboflavin excretion, relative to creatinine, as a func

tion of those variables, shows only one of the variables, 

age, which significantly affected riboflavin excretion. 

Riboflavin excretion was significant and positively 

correlated with previous day's riboflavin intake and 

average calcium intake, and negatively related to average 

protein intake and age (Table V). The correlation be

tween riboflavin excretion and previous day's riboflavin 

intake was weak, as indicated by the small r value. The 

relationship between these two variables was examined 

further in analysis of covariance, as will be shown later 

in this chapter. Riboflavin excretion varied significantly 



TABLE VI 

LEAST SQUARE MEANS AND STANDARD ERRORS OF 
RIBOFLAVIN EXCRETION THROUGH AN ANALYSIS 

OF VARIANCE WITH DEMOGRAPHIC VARIABLES 
AND RIBOFLAVIN STATUS SHOWN THROUGH 

EGR STIMULATION OR RIBOFLAVIN 
INTAKE 

Riboflavin Excretion, µg 
Ribo./g Creatinine 
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Variable EGR Model Diet Model 

Race 

White 
Black 

Age Categories 

12 
14 
16 

Per Capita Income 
Categories 

< $5,500 
~ $5,500 

EGR Stimulation 
Range 

< 20 
> 20 

Riboflavin Intake 
Range, Previous 
Day, mg 

< 1.3 mg 
> 1. 3 mg 

~·:sEM 

599 + 4 3 ~·: 
523 + 81 

759 + 7oa 
448 + 55b 
477 + 87b 

597 + 55 
525 + 64 

572 + 52 
551 + 68 

---# 

#Not included in the analysis. 

590 + 42 
501 + 80 

734 + 68c 
429 + 58d 
473 + g5d 

576 + 55 
515 + 62 

---# 

497 + 68 
594 + 54 

Note: Those variables sharing a common superscript are 
not different from each other (p ~ 0.05). 

Note: When the variables above were examined as contin
uous covariables to riboflavin excretion, none of 
the probabilities for the linear models were sig
nificant except age, with a probability for that 
linear slope of 0.026. 
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with the previous day's riboflavin intake, as shown through 

correlation. The effects of calcium and of protein intake 

on riboflavin excretion are possibly related to riboflavin 

intake and foods eaten that are high in all three nutri-

ents: riboflavin, calcium, and protein. The effect of age 

may be due to the expression of riboflavin excretion rela-

tive to creatinine. Creatinine excretion increases with 

age in children and with increasing body size (40). Guide-

lines (7, 38, 45) for riboflavin excretion acknowledge 

these influences and are modified according to age. Modi

fications for age do not consider, however, that individ

uals of any age before adulthood vary widely in size. 

A chi-square test (Table VII) examining the distribu

tion of high and low values for riboflavin excretion and 

the riboflavin intake of the previous day show that about 

an equal proportion of those with good intakes of ribo

flavin had high or moderate riboflavin excretion. Those 

with moderate excretions are more likely to have adequate 

intakes than low intakes. Those with low intakes are more 

likely to have moderate excretions than high excretions. 

The dividing line for high and moderate excretion was 600 

µg/g creatinine. This value was selected because it is 

near the mean excretion for the sample. Excretions above 

this value are high for both the sample population and the 

age group. Excretions below this value are somewhat more 

normal for the age group. 



TABLE VII 

INCIDENCE AND PERCENTAGE OF RIBOFLAVIN 
EXCRETION RANGE BY RIBOFLAVIN 

INT AKE RANGE 

Riboflavin Intake, Previo"us Day 
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Riboflavin Excretion 
µg/ g Creat inine < 1.3 mg > 1.3 mg All lntakes 

< 600 n 38 46 84 
(Moderate) percent 27.5 3 3. 3 60.9 

> 600 n 12 42 54 
(High) percent 8. 7 30.4 39.l 

All n 50 88 138 
Excretions percent 3 6. 2 6 3. 8 100.0 

Note: chi-square=7.536; p=0.0060 

Riboflavin excretion of other high school students 

(13) averaged 369 ~ 22 µg riboflavin/g creatinine, in 

contrast to the mean excretion of 578 found in this study. 

Two percent of the population had excretion levels below 

70 µg riboflavin/g creatinine. The high school students 

(13) had 22 percent with excretion levels below 100 µg/g 

creatinine, which they considered less than desirable for 

that age group. In this study, three percent of the pop-

ulation had excretions in that range. This shows a very 

low level of poor riboflavin status according to the ribo-

flavin excretion values. 

EGR Stimulation 

The tissue concentration of riboflavin is estimated by 
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measuring the stimulation of erythrocyte glutathione re

ductase (EGR) by a riboflavin-containing cofactor and is 

expressed as an activity coefficient. Activity coeffi

cients showing higher than 20 percent stimulation indi

cate riboflavin deficiency (43). The mean percentage 

stimulation of EGR was 17, with a range of -9 to 61 (Table 

III). Thirty-seven percent of the population had values 

of stimulation above 20. The least squares means by 

race, age, income, and riboflavin intake are shown by 

Table VIII. Stimulation was lowest in those with per 

capita incomes greater than $5,500, 16 year old category, 

and those with riboflavin intakes below 1.3 mg. None of 

the variables had significant effects. Correlations 

(Table V) show that none of the variables examined were 

significantly related to EGR stimulation. 

The mean EGR stimulation for the population was 17; 

37 percent of the population had values above 20, indi

cating riboflavin deficiency. A study of 210 adolescents 

ranging in age from 13 to 19 years (12) showed 23 percent 

to be deficient by the same criterion. There appeared to 

be no difference in the occurrence of deficiency according 

to sex or age in this study. Fifteen percent of the 

whites, 20 percent of the Hispanics, and 35 percent of the 

blacks were deficient. The present study revealed 33 per

cent of the blacks and 36 percent of the whites to be 

deficient. In a pediatric study, with 100 subjects rang

ing in age from 2-1/2 days to 14 years (13), 11 percent 
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of the sample was deficient. With over 400 subjects rang-

ing in age from 14 to 17 (11), the incidence of riboflavin 

deficiency was also 11 percent. Eleven percent of the 

white and 30 percent of the black girls had stimulation 

greater than 20 percent. Two studies observed sexual dif-

ference in the occurrence of riboflavin deficiency (12, 13). 

Females were deficient more often than males in one study 

(11). Two studies (11, 12) observed.a higher frequency of 

riboflavin deficiency in blacks, although that was not 

found in this study. 

TABLE VIII 

LEAST SQUARE MEANS AND STANDARD ERRORS OF 
EGR STIMULATION THROUGH AN ANALYSIS OF 

VARIANCE WITH DEMOGRAPHIC VARIABLES 
AND RIBOFLAVIN INTAKE 

Variable 

Race 

White 
Black 

Age Categories 

12 
14 
16 

Per Capita Income Categories 

$5,500 
$5,500 

Riboflavin Intake Range 
Average, mg 

1.3 mg 
1. 3 mg 

EGR Percentage Stimulation 

15.4 + 1. 3;', 
15.3 + 2. 5 

15.3 + 2. 2 
17.0 + 1. 8 
13.7 + 2.6 

17.0 + 1.7 
13.7 + 1. 9 

14.1 + 2.2 
16.6 + 1.5 
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A chi-square test (Table IX) examining the distribu-

tion of high and low values for EGR stimulation and ribo-

flavin excretion shows those with either normal or abnormal 

EGR stimulation are more likely to have moderate riboflavin 

excretions than high excretions. All girls appeared to be 

more likely to have normal EGR stimulation than abnormal 

EGR stimulation. 

TABLE IX 

INCIDENCE AND PERCENTAGE OF RIBOFLAVIN 
EXCRETION RANGE BY EGR STIMULATION 

RANGE 

EGR Percentage Stimulation 
Riboflavin Excretions All 
µg/g Creatinine < 20 > 20 Stimulations 

< 600 n 56 29 85 
(Moderate) percent 40.3 20.9 61. 2 

> 600 n 34 20 54 
(High) percent 2 4. 5 14.4 3 8. 9 

All n 90 49 139 
Excretions percent 64.8 35.3 100.0 

Note:. chi-square=0.123; p=0.7255 

The possible effects of menstruation and day of data 

collection were examined in analysis of variance and found 

not to be significant. The possible effect of vitamin 
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usage was examined in an analysis of variance with ribo

flavin intake, riboflavin excretion, and EGR stimulation. 

Twenty-three subjects, or 16 percent of the population, 

used vitamin supplements containing riboflavin. Vitamin 

usage did significantly affect the two day average and 

previous day's riboflavin intake. This was because the 

nutrient composition of the vitamin was included as part 

of the intake. The vitamin usage did not significantly 

affect the riboflavin excretion or EGR stimulation, al

though the probabilities approached the level of signifi

cance (p ~ 0.05) Chi-square test for categories of 

riboflavin intake and vitamin usage showed all vitamin 

users consumed 1.3 mg of riboflavin. The population dis

tribution for vitamin usage and ranges of riboflavin ex

cretion shows that 59 percent of those taking vitamins had 

high riboflavin excretion, while 43 percent had moderate 

excretion. High and moderate excretions are divided at 

600 µg/g creatinine ratio. Chi-square test for vitamin 

usage and EGR stimulation show 74 percent of the vitamin 

users to have normal EGR stimulation, while 26 percent 

have high EGR stimulation indicative of riboflavin defi-

ciency. It is not known why so many vitamin users would 

have high EGR stimulation, unless these subjects are not 

usually vitamin users but took the vitamin only before 

coming in for testing. 
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Hypothesis 1 

The first hypothesis stated that there was no signif

icant relationship between the riboflavin status of the 

population as determined by the excretion of riboflavin 

and the status suggested by dietary intake of riboflavin. 

This hypothesis was tested by several analyses. Analysis 

of variance, examining categorial data (Table VI), shows 

age as the only variable that significantly affected ribo

flavin excretion. Analyses of covariance (Tables X and 

XI) examined the slopes of the regressions of riboflavin 

excretion on different continuous variables. In both 

these analyses (Tables X and XI), the dependent variable 

of riboflavin excretion was significantly affected by age. 

Previous day's riboflavin intake did not show a signifi

cant effect. The effect of age probably detracts from 

the possible effect of riboflavin intake, since intake 

decreased with age (Table IV). When riboflavin intake 

alone was examined in analysis of covariance, the t for 

the slope comparing the regression with zero was 2.22, 

with a probability of 0.0281, which is significant. Ribo

flavin excretion and riboflavin intake were positively 

correlated (Table V). The significant effects shown by 

analysis of covariance between riboflavin excretion and 

intake and the correlation between these two, led to the 

rejection of the null hypothesis, that there is no sig

nificant relationship between the riboflavin status of 



TABLE X 

COMPUTED VALUES OF T AND LEVELS OF 
PROBABILITY AS SHOWN THROUGH 

ANALYSIS OF COVARIANCE FOR 
RIBOFLAVIN EXCRETION 

Covariables T for Ho Probability 

Riboflavin intake, 
previous day, mg 1. 89 

Age, months -3.05 

Note: df=l36 

TABLE XI 

COMPUTED VALUES O:t T AND LEVELS OF 
PROBABILITY AS SHOWN THROUGH 

ANALYSIS OF COVARIANCE OF 
FIVE VARIABLES FOR 

RI BO FLA '!IlJ EXCRE-
TION 

0.0621 

0.0028 

Covariables T for Ho Probability 

Riboflavin intake, 
previous day, mg 

Age, months 

Note: df=l29 

1. 74 0.0841 

-3.07 0.0026 

Note: The variables of per capita income, race, and 
EGR stimulation were included in the analysis 
but did not show a significant effect on ribo
flavin excretion. 
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the population as determined by the urinary riboflavin 

excretion and riboflavii-1 dietary intake. 

Hypothesis 2 
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The second hypothesis examined the relationship be

tween EGR stimulation and riboflavin excretion. The cor

relation coefficient (Table V) was small, negative, and 

is not significant. Analysis of variance, examining 

categorial data (Table VIII), show none of the variables 

significantly affected EGR stimulation. Analysis of co

variance (Table XII) examined the slopes of the regres

sion of EGR stimulation on different continuous variables. 

Again, none of the variables examined significantly af

fected EGR stimulation. Due to the lack of any signifi

cant effects between EGR stimulation and riboflavin 

excretion through all the above analyses, the test hy

pothesis must be accepted. This hypothesis states that 

there is no significant relationship between the ribo

flavin status as determined by riboflavin excretion and 

the status estimated from EGR stimulation. In a similar 

study (13), the coefficient of correlation between ribo

flavin excretion and EGR stimulation was -0.308. In this 

study, the correlation coefficient between these two 

variables was -0.0644 (Table V). Low correlation is not 

unlikely, in view of high variability of riboflavin 

excretion. 



TABLE XII 

COMPUTED VALUES OF T AND LEVELS OF 
PROBABILITIES AS SHOWN THROUGH 

ANALYSIS OF COVARIANCE FOR 
EGR STIMULATION 

Covariables T for Ho Probability 

Riboflavin excretion 
µg/g creatinine 

Age, months 

Per capita income 

Note: df=l.33 

-0.90 0.3708 

-0.46 0.6435 

-1. 36 0.1749 

Population Status 

A review of the status of the population shows the 

following results: 

Thirty-one percent of the population had riboflavin 

intakes lower than 1.3 mg recommended, indicating that 

they may be at some risk of developing riboflavin defi-

ciency if that intake is typical and continues. 

Two percent of the population had riboflavin excre-
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tion below 70 µg riboflavin/g creatinine, indicating high 

risk of riboflavin deficiency. 

Thirty-five percent of the population had EGR activ-

ity coefficients higher than 20, indicating high risk of 

riboflavin deficiency. 
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The status suggested by riboflavin excretion shows 

fewer adolescents at high risk of developing riboflavin 

deficiency than is shown by EGR stimulation or than is 

suggested by riboflavin intake. In comparison with other 

studies of individuals of similar ages, this sample showed 

better riboflavin status when evaluated by riboflavin ex

cretion and riboflavin intake, but had poorer EGR stimu

lation than other populations examined (11, 12, 13, 44). 

The variability of riboflavin excretion is indicated by 

its large standard deviation (Table III). Because of in

consistency between riboflavin intakes and excretion, and 

lack of correlation with an accepted measure of riboflavin 

status (EGR stimulation), riboflavin excretion in the 

first void is not recommended as the sole index upon to 

base an assessment of riboflavin status. 



CHAPTER V 

SUMMARY 

The aim of this study was to contribute to knowledge 

of nutritional status of adolescents and of the methods 

used to examine nutritional status with regard to ribo-

flavin. The purpose of this study was to assess the ex-

tent to which excretion of riboflavin reflects riboflavin 

intake and EGR stimulation. 

were examined: 

The following null hypotheses 

H1 : There is no significant relationship between the 

riboflavin status of members of the population as deter

mined by excretion of riboflavin and the status suggested 

by dietary intake of riboflavin. 

H2 : There is no significant relationship between the 

riboflavin status of members of the population as deter

mined by excretion of riboflavin and by EGR stimulation. 

Dietary and biochemical data were taken from 150 

adolescent girls in Oklahoma. The data were examined in 

regression, correlation, and chi-square tests. The die

tary intake of riboflavin, riboflavin excretion, and EGR 

stimulation were examined in relationship to each other 

and to the variables of age, race, income, calcium intake, 

and protein intake. 
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Results show the following significant relationships: 

1. Riboflavin excretion increased with increases in 

previous day's riboflavin intake. 

2. Riboflavin intakes and riboflavin excretion in

creased with increases in average calcium intake and aver

age protein intake. 

3. Average riboflavin intake varied significantly 

with previous day's riboflavin intake. 

4. Riboflavin excretion declined with age. 

A review of the status of the population shows the 

following results:. 

Thirty-one percent of the population had riboflavin 

intakes lower than 1.3 mg recommended, indicating they 

may be at some risk of developing riboflavin deficiency 

if that intake is typical and continues. 

Two percent of the population had riboflavin excre

tion below 70 µg riboflavin/g creatinine, indicating high 

risk of riboflavin deficiency. 

Thirty-seven percent of the population had EGR activ

ity coefficients higher than 20, indicating high risk of 

riboflavin deficiency. 

The status suggested by riboflavin excretion shows 

fewer adolescents at high risk of developing riboflavin 

deficiency than does EGR stimulation or than is suggested 

by the riboflavin intake. 

One null hypothesis was rejected, because riboflavin 

excretion was related to the previous day's intake. There 



was, however, not a significant relationship between the 

status shown by riboflavin excretion and the status sug

gested by EGR stimulation. Because of the variability 

of riboflavin excretion, it should not be the only index 

on which to judge riboflavin status. 
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SUBJ: 

AGE: 

RACE: 

ABBREVIATIONS USED IN APPENDIX TABLE 

subject number 

age in months 

l=white; 2=black 

PCINC: per capita income of family, $ 

RBX: previous day's riboflavin intake, mg 

RB: two day average riboflavin intake, mg 

NRBCR: µg riboflavin/g creatinine 

EGR: percentage stimulation of EGR 

CA: 

PRO: 

two day average calcium intake, mg 

two day average protein intake, g 

54-

USAGE: l=usage of vitamin supplement· containing riboflavin 

2=non-usage of vitamin supplement 

WT: body weight, kg 

MENS: l=postmenarcheal 

2=premenarcheal 

DAY: day of data collection 



SUBJ AGE RACE PC INC 

1 146 1 2200 
2 189 1 6580 
3 163 1 1833 
4 187 1 9333 
5 162 1 8500 
6 189 1 4080 
7 166 1 846 
8 193 1 4167 
9 174 1 3800 

10 163 1 20000 
1 1 189 1 10000 
12 193 1 2500 
13 172 1 6400 
14 165 1 10000 
15 164 1 10000 
16 162 1 10354 
17 175 1 1580 
18 16: 1 8000 
19 149 1 3500 
20 165 1 3240 
2 1 193 1 4167 
22 193 1 7200 
23 1 ·19 1 5200 
24 174 1 5750 
25 173 1 5040 
26 198 1 6000 
27 173 1 8800 
23 195 1 3960 
29 164 1 8667 
30 173 1 1167 
31 143 1 6000 
32 188 1 11250 
33 148 1 3725 
34 188 1 8571 
35 172 1 6052 
3G 144 1 5000 
37 189 1 2857 
38 146 2 1349 
39 168 2 1349 
40 140 1 5100 

TABLE XIII 

VALUES OF ALL VARIABLES EXAMINED 
FOR ALL SUBJECTS 

RBX RB NRBCR EGR CA 

1. 42 1. 54 415.09 7 731 
4. 12 2.30 463.14 25 1207 
2.56 1. 98 510. 70 30 1397 
1. 30 1. 83 2 61 . 07 10 884 
0.93 1. 10 191. 36 9 634 
5.09 3.34 2.98 4 113 1 
2.86 2.20 431. 95 14 1187 
1. 11 0.66 158.69 0 300 
1. 35 1. 62 5 772 
0.47 0. 59 222.87 0 250 
o. 74 o. 75 255.91 16 326 
0.96 0.81 354.23 8 300 
1. 75 1. 42 285.65 17 934 
4.96 3.56 557.28 - 1 1781 
1. 89 2.01 741. 30 2 1395 
2 .01 1. 70 132.49 26 1011 
1. 54 1. 65 411.14 22 1007 
0. 79 0.62 346.00 8 283 
0. 74 1. 76 32 832 
3.63 3.51 600. 86 17 1418 
0.87 0.96 380.17 8 528 
1. 34 2.35 485.62 5 680 

o. 79 225.07 6 903 
1. 03 0. 73 450.34 2 270 
0.80 0.61 212.88 15 217 
4.50 3.65 661. 85 12 1238 
0.67 1. 10 901.07 37 721 
1. 28 1. 14 561. 40 2 641 
2.54 1. 51 793.85 7 311 
1. 49 1. 17 306.69 23 541 
2. '10 2. 14 1441.44 7 1178 
2.41 2.33 1094.22 19 1325 
2.34 2.04 1119.48 28 1363 
1. 15 1. 46 702.99 21 551 
1. 91 1.78 240.93 30 868 
3.67 2.79 2183.61 9 1168 
1. 88 1. 88 289.33 21 878 
1. 23 1. 94 379.69 23 1200 
1 . 81 1. 87 253.89 8 944 
1. 48 1.60 848. 11 40 979 

PRO USAGE WT MENS DAY 

84 2 38.5 2 2 
61 1 54. 1 1 
90 2 56.7 2 
65 2 56.6 1 
47 2 54.5 1 
60 1 46.9 1 

109 2 53.B 2 
33 2 57. 1 1 
67 2 43. 1 2 1 
32 2 67.2 1 1 
32 2 88.4 1 1 
62 2 54.3 1 1 
53 2 57.8 1 1 
94 1 41. 2 1 1 
90 2 56.0 1 1 
69 2 52.4 1 1 

105 2 53.6 1 1 
36 2 46.2 1 1 
59 2 38.2 2 3 

102 1 45.0 2 2 
39 2 54.9 1 1 
80 1 47,3 1 1 
34 2 51.6 1 1 
34 2 51 .0 1 1 
36 2 54.0 1 1 
85 1 44. 1 1 2 
42 2 70. 1 1 1 
70 2 70.0 1 1 
49 1 58.7 1 1 
56 2 55.9 1 1 
97 2 39.8 2 2 
82 2 53.2 1 3 
96 2 4 1. 7 2 7 
64 2 50. 2, 1 8 
59 2 51. 9 1 3 
83 2 41. 4 2 3 
61 2 59.4 1 3 
74 2 45.4 2 2 U1 

104 2 51. 7 1 2 U1 

50 2 48.2 2 8 



TABLE 

SURJ AGE RACE PC INC RBX RB 

41 147 1 4398 16.83 17.09 
42 169 1 4667 1.02 1. 13 
43 140 1 8000 3.09 2.63 
44 150 1 2667 3.60 3.67 
45 188 1 7000 1.24 0.91 
46 171 i 8600 1. 40 1. 36 
47 191 1 BGOO 1.20 1. 76 
48 190 1 5917 0.59 0.51 
49 196 1 5000 0.71 0.61 
50 174 1 5800 0.98 0.67 

51 150 1 9667 2.75 3.04 

52 148 1 6667 2.64 2.64 

53 190 1 6250 1. 44 1. 65 

54 186 1 5000 0.61 0.82 

55 t50 1 8000 3.65 3. 41 

5 fi 187 1 8000 4.61 2.95 
57 149 1 6000 1. 33 1. 34 
58 14 1 1 7500 3.11 2.51 
59 . 144 1 6250 1.06 1. 26 
60 168 1 7000 3.34 2.85 
63 14 1 1 7000 1. 25. 0.90 
64 168 1 7000 0.85 1.08 
65 142 1 5000 3.34 2.63 
66 150 1 2229 0.86 1. 21 
67 17 3 1 9000 o. 89 1.04 
68 174 1 5520 2.21 2.21 
69 148 1 4600 1. 54 1. 88 
70 149 1 17500 0.59 
71 143 1 17500 0.81 1.00 
72 198 1 12500 0.37 0.35 
73 142 2 1047 1. 46 
7'1 14 1 2 4800 2.32 2.76 
75 197 1 3200 1. 96 1.34 

XIII (Continued) 

NRBCR EGR CA PRO 

422.19 - 1 1139 72 
187. 94 10 540 75 
621. 62 20 1633 98 
795.46 44 2291 98 
381. 78 8 501 53 
230.95 49 789 66 
360.64 23 961 68 

14 297 32 
1 1 434 20 

367.83 8 444 27 
959.37 9 1140 60 
258.77 31 1690 163 
657.82 1 792 59 
565.34 2 456 38 
726. 18 4 1646 82 
749.43 11 993 74 
226.33 18 832 62 
844.43 3 876 70 
662.81 34 761 50 
924.68 29 1526 80 
736.80 18 483 42 
4 12. 17 26 594 49 
571.98 7 2070 104 
619.48 0 813 44 

1878.61 24 499 45 
858.95 16 868 56 

2195.80 16 1069 50 
198 46 

135.93 32 337 71 
434.61 21 199 17 

1207 54 
1043.71 44 700 49 
679.35 35 759 60 

USAGE WT 

1 68.8 
2 85.9 
2 39.9 
2 36.7 
2 56.4 
2 52.6 
2 60. 1 
2 55.5 
2 47.3 
2 63.8 
1 45.8 
2 37.0 
2 62.5 
2 44.6 
1 55.7 
1 62.0 
2 32.8 
2 39.4 
2 59.6 
2 45.0 
2 4 7. 1 
2 45.4 
2 34.6 
2 55.2 
2 62.6 
2 54. 1 
2 46.0 
2 
2 45.3 
2 51. 7 
2 
1 46.0 
2 58.0 

MENS 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
2 
1 
2 
2 
2 
1 
2 
1 
2 
1 
1 
1 
1 

2 
1 

1 
1 

DAY 
2 
2 
2 
8 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
7 
7 
8 
8 
7 
7 
7 
7 
7 
7 
7 

7 
7 
3 
7 
a 

(J'l 

Q) 



SUBJ AGE RACE PC INC RBX 
76 147 1 5520 2.49 
77 166 1 4000 1. 97 
78 192 1 7200 o. 84 
79 144 1 1776 1 . 2 1 
80 142 1 6000 1. 69 
81 163 2 3429 1. 54 
82 170 2 4000 2. 17 
83 171 1 3600 2.27 
84 145 1 2600 2.06 
85 157 2 3500 1. 00 
86 170 2 3500 1. 34 
87 168 1 9250 1. 56 
88 171 1 3600 0.65 
89 1 7 1 1 3840 0.51 
90 140 2 2057 1.09 
91 144 2 6000 12.69 
92 168 2 3333 1. 65 
93 142 1 11250 1. 25 
94 140 1 8250 1. 97 
95 146 1 2375 1. 72 
96 149 2 4800 0.47 
97 151 2 6600 0.76 
98 1 '16 1 4750 2.45 
99 170 2 5333 1. 69 

100 140 1 5000 3.33 
10 t 170 1 5000 1. 34 
102 151 1 1.67 
103 144 1 6800 1. 58 
104 168 2 1538 1. 79 
105 150 1 6500 1. 60 
106 165 1 6250 0.52 

TABLE XIII (Continued) 

RB NRBCR EGR CA 
2.55 293.11 11 1271 
1. 56 279.85 10 760 
1.02 30 263 
0.95 680.72 12 459 
1.43 1129.60 13 938 
1. 4 7 477. 55 14 709 
1. 53 321. 68 38 622 
2.32 420.76 29 1222 
2.98 789.55 8 1012 
1. 11 66.28 17 534 
1. 66 305.45 15 718 
1.35 247.97 32 787 
0.95 145.48 15 509 
1 . 4 1 734.83 21 910 
1.05 286.56 373 
6.89 1712.87 0 1125 
2.24 361 .02 30 796 
1.63 368.85 4 809 
1. 64 1. 21 7 94 1 
1. 18 453.89 12 398 
1. 43 195.05 17 763 
0. 93 84.32 6 339 
2.67 2083.27 17 1470 
1.55 314.05 15 526 
3.08 801. 34 19 1615 
1. 33 565.73 22 802 
2.00 733.82 24 112 1 
1. 53 438. 19 12 687 
1. 62 440.73 2 982 
1. 92 628.75 17 1542 
0.87 363. 46 39 494 

PRO USAGE WT 
71 2 38.2 
42 2 50. 1 
60 2 60.9 
45 2 36.2 
57 2 63.3 
72 2 42.6 
54 2 67.0 
72 2 51. 8 

184 2 37.2 
69 2 59. 1 
67 2 69.8 
48 2 54.8 
45 2 49.6 
68 2 47.9 
43 2 41. 9 
99 1 37.2 
66 1 50. 1 
78 2 40.5 
58 2 43.0 
53 2 74.2 
68 • 2 54.7 
47 2 76.8 
96 2 42.8 
51 2 50.3 
93 2 37.4 
62 2 59. 1 
85 2 43.7 
70 2 42.3 
80 2 53.9 

113 2 51. 2 
50 2 55. 1 

MENS 
2 
1 
1 
2 
2 
1 
1 
1 
2 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
2 
1 
1 
2 
1 
2 
1 
2 
2 
1 
2 
1 

DAY 
7 
7 
8 
8 
7 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 

(.11 

-...J 



TABLE XIII (Continued) 

SUflJ flGE Rt.CE PC INC RBX RB NRBCR EGR CA PRO USAGE WT MENS DAV 

107 150 2 7167 2.02 1. 56 636.86 0 959 66 2 42 .0 2 5 
108 144 1 10000 0.73 o. 73 904.27 9 484 19 2 54.8 2 5 
109 14 Cl 1 4500 1. 98 1 . 42 643. 15 24 792 61 2 34. 1 2 5 
110 16 .. ' 1 10250 1. 99 1. 90 1189.29 -9 1208 79 2 53.5 1 5 
1 1 1 164 2 2517 1 . 1 1 1. 54 298.63 39 899 62 2 45.6 1 5 
11 2 171 1 5340 1. 09 1. 39 278. 13 6 772 66 2 36.6 1 5 
111 1fi8 2 5000 1.85 1. 44 190.65 12 724 71 2 43.7 1 5 

114 151 1 9000 1. 23 1. 13 404.37 19 563 44 2 43.0 2 5 
115 149 1 6760 1. 20 1. 54 577. 90 14 848 61 2 34.8 2 5 
117 146 1 3750 2.47 2.57 729.98 4 447 66 1 35.3 2 5 
1 18 153 2 5400 0.84 0.89 2573.29 6 588 57 2 52.5 1 5 
119 144 1 5100 1. 48 2.53 974.25 23 524 91 1 40.0 2 6 
120 193 2 1478 1. 31 1 . 15 642. 19 9 365 58 2 52.2 1 6 
121 190 2 1500 2. 18 1. 68 1210.05 1 1 871 60 2 50.7 1 8 
142 196 2 5000 1. 37 1. 38 195.49 61 959 69 2 59.4 1 6 
143 162 2 13000 1. 47 226.71 16 761 39 2 76. 1 1 6 
14 4 180 2 4572 1.20 1. 20 215.08 22 772 55 2 57.5 1 6 
145 158 2 3840 2.34 2. 27 707.34 29 1127 74 2 64. 1 1 6 
1 '16 166 2 6800 1. 83 1. 59 198.32 -3 654 70 2 45.5 1 6 
147 169 1 5714 11. 84 11 . 61 719.84 23 818 56 1 57.3 2 6 
148 175 2 1606 1.00 0.80 522.94 20 510 30 2 53.8 1 6 
149 167 2 6250 2.03 2 . 1 1 40 912 63 2 60.4 1 6 
150 169 1 13500 3.37 2.27 996.31 0 768 54 1 51. 6 1 6 
151 170 1 5750 3.00 2. 10 393.24 8 635 71 1 70.5 1 6 
152 172 2 7000 0.36 0.51 200.93 31 218 25 2 59. 1 1 6 
153 177 2 5730 1. 78 1. 74 289.39 8 989 84 2 43. 1 1 6 
154 173 2 5833 16.20 13.60 405.09 27 580 31 1 54.8 1 6 
155 189 2 800 1. 98 2.43 39 1324 107 2 48.3 1 6 
156 173 2 4509 2.42 1 .68 325.02 1 1 955 72 2 52. 1 1 6 
157 175 2 9220 2. 15 1 .66 367.01 13 297 41 1 55.0 1 6 
158 17 1 1 24<13 1. 83 1. 56 370.99 42 1006 62 ·2 56.5 1 6 
159 192 2 0.94 1 -07 354.00 15 479 60 2 59.9 1 6 
161 143 1 7875 2. 19 1. 66 840.54 46 1112 50 2 34 - 1 2 7 
f62 191 1 8250 0.90 1. 14 415.36 -5 647 50 2 53.7 1 8 
163 146 1 6900 0.98 1 . 28 296. 13 19 698 66 2 54.7 1 7 
164 150 1 7000 1. 20 469 32 2 8 
165 1 2.47 1149 67 2 
166 156 1 8000 1. 24 1. 82 703.95 9 1017 72 2 51. 8 1 8 
167 166 1 5000 1. 26 1. 34 805.60 30 677 70 2 48.8 1 8 
168 140 1 3327 11.39 6.49 1387.46 15 440 80 1 44.2 1 8 
169 172 1 8100 2.35 1. 44 703.99 22 1107 64 2 48.8 1 8 
170 168 1 4333 1. 47 1. 29 294.71 27 587 83 2 44.8 1 8 
17 1 194 1 5400 3.37 2.28 1035.66 8 810 63 1 57.4 1 8 
172 178 1 7500 3.10 1. 86 143.67 6 556 41 2 69.4 1 8 
173 190 1 5000 1.07 0.97 380.60 23 753 53 2 56.2 1 8 (J1 

174 191 1 4000 o. 70 o. 78 349.76 16 543 38 2 48.3 1 8 co 
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