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Abstract: We studied urinary riboflavin as an objective biomarker of compliance in clinical research using a simplified 

method amenable to high throughput analysis. Six healthy women not taking vitamin supplements ingested a study pill 

containing riboflavin (32 mg) as an inactive tracer and the soy isoflavones daidzin (0.243 mmole) and genistin (0.222 

mmole) as active ingredients once daily for four days. Riboflavin and metabolites of the isoflavones were measured in 

urine samples obtained before and after each pill. Urinary excretion of riboflavin and metabolites of both isoflavones 

peaked within 8 hrs and remained higher than baseline for 24 hrs. Urinary excretion of riboflavin was also measured in 

152 additional women with unrestricted dietary supplement intakes. Mean and median urinary riboflavin concentrations in 

these women were 0.42 and 0.31 g/mL, respectively, compared to 0.2 g/mL during a riboflavin-restricted diet. Receiver 

operating characteristics (ROC) curves indicated that urinary riboflavin within 24 hrs after a 32 mg dose would perform 

well as a measure of compliance (all areas under the ROC curves 0.84. Samples collected during the initial 8 hrs after 

pill ingestion performed better as a compliance measure than later collections. In summary, compliance in a clinical study 

can be monitored in real time by incorporating 32 mg of riboflavin into study pills, with compliance indicated by urinary 

riboflavin levels increasing over individual baselines or to 1.0 g/mL, with a false positive rate of being classified as 

compliant at <5%.  
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INTRODUCTION 

 Compliance assessment is important for ensuring success 
in clinical trials. Methods for monitoring compliance include 
patient diaries, patient self-reports, pill counts at the time of 
study visits, and measurement of a treatment ingredient or a 
tracer substance in blood or urine [1, 2]. Compliance is gen-
erally more accurately assessed by urine and blood meas-
urements than by self reporting [2]. Measurement of a treat-
ment ingredient can be analytically challenging for many test 
substances (e.g. antibody-based therapies, compounds with 
short half-lives, substances in a placebo etc.). Addition of a 
low toxicity compound that is easily measured in biological 
fluids is an attractive alternative to assess compliance for 
medication ingestion.  

 Riboflavin (vitamin B2) is an attractive marker for com-
pliance because it is rapidly absorbed and excreted, does not 
accumulate in the body, and has negligible toxic effects 
when fed to humans even at fairly high doses [3]. The rec-
ommended daily allowance of riboflavin is 1.7 mg for adults 
and 2.0 mg for pregnant and lactating women [4]. Even 
amounts of riboflavin approaching 400 mg/day for three 
months in a migraine prophylaxis study (N=55 subjects) 
were associated only with some cutaneous side effects (e.g.  
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itching, burning, pricking, and numbness) and yellow discol-
oration of the urine [3].  

 In some clinical trials, riboflavin was used as an adher-
ence marker and detected in urine by visual fluorescence 
under UV illumination [5-7] or by fluorescence spectropho-
tometry [8-11]. When 30-50 mg of riboflavin was given by 
mouth, fluorescence was visible in only 60-70% of urine 
samples collected at 13-24 hours [5-7]. With 25-50 mg ribo-
flavin, a fluorescence spectrophotometry method that in-
volved a 2-3 step phenol extraction detected riboflavin at a 
concentration of 1.5 g/mL, which was considered positive 
for compliance, in 85-95% of 24 hr urine collections [8-11]. 
However, it is not clear how this proposed cut-off value 
compares with levels seen with usual diets and nutritional 
supplement ingestion. 

 A previous study that measured urinary riboflavin after 
single doses between 5 and 100 mg indicates that maximum 
absorption occurs with doses between 20 and 50 mg [12]. In 
a study to assess biological effects of soy isoflavones in 
healthy females, we incorporated 32 mg of riboflavin into 
the study pills, both active treatment and placebo. In a sub-
study reported here, we attempted to define the concentra-
tions of riboflavin in urine that indicate compliance with 
study pill ingestion. Urinary excretion of riboflavin and the 
two soy isoflavones were measured in six women not par-
ticipating in the main clinical trial, and compared with ribo-
flavin excretion in 152 women on no dietary supplement 
restrictions and not taking study pills. The analytical method 



2    The Open Biomarkers Journal, 2011, Volume 4 Sadagopa Ramanujam et al. 

was suitable for rapidly assessing compliance and potentially 
for high throughput analysis.  

STUDY DESIGN AND METHODS  

Study Design 

 Study subjects (n=6) were apparently healthy 30 to 40 
year old pre-menopausal women from Galveston, Texas and 
surrounding communities, who were not pregnant, breast-
feeding, or taking contraceptive medications. They were 
screened for an outpatient study on the effects of soy isofla-
vones on markers of breast cancer risk, but instead partici-
pated in this sub-study to assess the use of riboflavin incor-
porated into a study pill as a compliance marker when inges-
tion of nutritional supplements is restricted. In a separate but 
comparable group of 152 women who were not restricted as 
to diet or ingestion of supplements, excretion of riboflavin 
derived from their usual diets and nutritional supplements 
was assessed by measuring riboflavin in three or four 12-hr 
overnight urine collections. The study site was the General 
Clinical Research Center (GCRC) at the University of Texas 
Medical Branch (UTMB). The study was approved by the 
Institutional Review Board at UTMB, and written informed 
consent was obtained from all subjects.  

 The six subjects were instructed to avoid riboflavin from 
other sources, ingested one study pill daily for 4 days as di-
rectly observed by the nursing staff of the GCRC, and then 
collected all urine at timed intervals for up to 24 hrs after 
each pill. The study pills contained 32 mg of riboflavin, 
0.243 mmole of daidzin, and 0.222 mmole of genistin and 
were prepared specifically for this study by Archer Daniel 
Midland Co., Decatur, IL. Urine was collected for 12 hrs at 
home the night before and for 2 hrs just before ingestion of 
the first study pill. After ingestion of first study pill, urine 
voids were pooled every two hours for the first 8 hrs (to ob-
tain a more detailed picture of riboflavin excretion pattern), 
the next 14 hrs, and the final 2 hrs before the ingestion of 
next pill. After pill 2, 3, and 4, urine voids were pooled for 
the first 8 hrs, the next 14 hrs, and last 2 hrs post-ingestion, 
respectively. 

 In the 152 women not restricted as to their usual diets or 
ingestion of supplements, excretion of riboflavin was as-
sessed by measuring riboflavin in three or four 12-hr over-
night urine collections. For both groups, urine was collected 
at room temperature in light-proof bottles containing 1 gram 
of ascorbic acid, and aliquots were stored at –20

o
C and 

thawed immediately before analysis.  

Analysis of Riboflavin by HPLC with Fluorescence De-
tection 

 The method of Gatautis and Naito [13], which can sepa-
rate riboflavin from other fluorescence endogenous sub-
stances (e.g. flavin mononucleotide, flavin-adenine dinucleo-
tide, and lumiflavin), was modified to include centrifugation 
at room temperature to remove any solid material that might 
obstruct HPLC column flow. Solvent blanks run past the 
elution time of riboflavin showed no fluorescence emission 
peaks at wavelengths near that for riboflavin. Aliquots of 
100 L were diluted 2 to 40 times with purified water such 
that at least two dilutions were within the linear concentra-
tion range for the assay, thus allowing accurate measurement 
over a wide range of riboflavin concentrations [13, 14]. The 

analysis was carried out using a Perkin-Elmer Model 200 
HPLC system equipped with a binary gradient LC pump for 
mixing two solvents, a fluorescence detector, a UV detector, 
a reversed phase C-18 Bondclone 10 micron column (Phe-
nomenex Inc., Torrance, CA) with an isocratic aqueous 
methanol solution (methanol/water, 1:2, v/v) for elution at a 
flow rate of 1 mL/min, and Perkin-Elmer TotalChrom 630 
software for data acquisition and analysis. For fluorescence 
detection, the excitation and emission wavelengths were set 
at 450 nm and 530 nm, respectively. Each diluted urine sam-
ple was analyzed in duplicate, and the mean peak area used 
for calculating riboflavin concentrations. 

Analysis of Daidzein and Genistein by Gas Chromatog-
raphy-Flame Ionization Detection (GC-FID) 

 Daidzein and genistein, which are metabolites of daidzin 
and genistin, respectively, were analyzed by a GC-FID, as 
described previously [15]. Briefly, 15 mL of urine was 
mixed with sodium acetate solution (0.3 mL, 2.0 M, pH 5), 

-glucuronidase (0.2 mL, 11,400 units, Sigma Chemical Co., 
St. Louis, MO) and an internal standard, 7,4’-
dihydroxyflavone (200 μg), and incubated for 24 hrs at 37°C 
to hydrolyze the glucuronide and sulfate conjugates of 
daidzein and genistein. The pH was adjusted to 7.0 with 
solid ammonium carbonate, and unconjugated daidzein and 
genistein were adsorbed onto a 50 mL ChemElut

®
 column 

(Analytichem International, Harbor City, CA) directly, and 
eluted 3 times with 15 mL ethyl acetate. An aliquot of this 
eluate was dried and silylated using 50% N,O-
bis(trimethylsilyl)-trifluoroacetamide containing 1% 
trimethylchlorosilane (Pierce, Rockford, Il) in pyridine for 2 
hrs at 90°C. The silylated derivatives were separated by GC 
(Hewlett Packard 5890A, Palo Alto, CA) using a megabore 
HP-1 column (30 m x 0.538 mm i.d. x 0.88 mm film thick-
ness), with nitrogen as carrier gas, injector and detector tem-
peratures of 275°C and 350°C, respectively, and a column 
flow rate of 20 mL/min. Oven temperature was 85°C for 4 
min and then programmed to increase to 275°C at a rate of 
30°C/min.  

Statistical Analysis 

 Urinary riboflavin, daidzein, and genistein are expressed 
both as concentrations (μg/mL) and as excretion rates 
(μg/hr), and data are presented as means and medians, stan-
dard deviations (SD) and 95% confidence intervals (95% CI) 
of the means. The hourly excretion rates of riboflavin (μg/hr) 
at various timed intervals and %recoveries of the daily intake 
were compared among the four pills by repeated measures 
ANOVA and with baseline levels in six subjects by paired t-
test. A P value 0.05 was considered statistically significant.  

 The results in these six subjects, who took the study pill 
under direct supervision, were considered true positive for 
estimating sensitivity of the compliance test. The results 
from the 152 subjects not taking the study pill were consid-
ered true negative for estimating specificity of the compli-
ance test, since they did not take the study pill but were ex-
posed to riboflavin from their unrestricted diets and nutri-
tional supplements. Receiver operating characteristic (ROC) 
curves were generated [16].  

 To generate ROC curves, riboflavin levels in the entire 
study samples were ranked and all values between low to 
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high were used as hypothetical cut-offs. For each hypotheti-
cal cut-off level studied, true and false negative rates of non-
compliance were estimated in the group of 152 subjects, and 
true and false positive rates of compliance were estimated in 
the six subjects who ingested the riboflavin-containing study 
pill. The specificity and sensitivity for every level of ribofla-
vin as a cut-off for projecting compliance were calculated 
and used to construct ROC curves using SigmaPlot® 11 for 
Windows (Systat Software Inc., San Jose, CA). ROC curves 
were constructed separately for riboflavin expressed as ex-
cretion rate (μg/hr) and concentration (μg/mL) and for urine 
samples collected over the initial 8 hr post pill ingestion and 
for samples collected between 8 and 24 hrs post pill inges-
tion. Area under the curve (AUC) was calculated for various 
ROC curves as summary statistics using SigmaPlot®. Statis-
tical analyses were performed using SAS

®
 (Version 9.1., 

SAS Institute, Inc. Cary, NC). 

RESULTS 

 The modified HPLC-fluorescence method described by 
Gatautis and Naito [13] required little sample preparation 
and was amenable to rapid throughput. Solvent blanks 
showed no fluorescence emission peaks at wavelengths near 
that for riboflavin. With dilution of urine samples 2 to 40 
times, measured riboflavin concentrations were linear and 
accurate over a concentration range 0.01 to 2 g/mL. For 
example, at a measured concentration of 0.01 g/mL, a ribo-
flavin standard gave a fluorescence peak signal of 10,000 ± 
500 V (mean ± SD). A concentration of 0.005 g/mL ribo-
flavin in a diluted urine sample gave a peak area signal of 
only ~5,000 ± 1500 V, which was detectable but with a 
high (up to 30%) coefficient of variation (CV). After re-
peated freezing and thawing of urine samples stored in light-
proof bottles over 2 months, riboflavin concentrations were 
85% to 95% of those measured in freshly prepared samples 
(data not shown).  

 Excretion rates of riboflavin, daidzein, and genistein in 
urine collected 0-8, 8-22, and 22-24 hrs after pill ingestion 
were assessed in the group of six women and expressed in 
mg/hr, as shown in Fig. (1). In all 6 subjects, urinary excre-
tion of all three compounds was maximal within the first 8 
hrs after ingestion of each of the four study pills. Riboflavin 
excretion between 0-8 hrs (pooled from four 2-hr fractions 
for graphing purpose) appeared to be higher after first pill 
compared to those from the other 3 doses (a single 8-hr 
pooled fraction). However, these differences, including 8-22 
and 22-24 hr interval collections, were not statistically sig-
nificant for riboflavin, daidzein, or genistein excretion (Fig. 
1, all P>0.05). Mean 24 hr recoveries of riboflavin, daidzein, 
and genistein among subjects are shown in Table 1. Recover-
ies of riboflavin and daidzein in urine as percent of daily 
intakes were not significantly different after each of the four 
pills (P>0.05, Table 1), which is consistent with excretion 
rates shown in Fig. (1). However, total intake recoveries for 
genistein differed significantly by repeated measures 
ANOVA (Table 1). Recoveries of riboflavin in this study are 
consistent with prior reports [17-21]. The excretion patterns 
of daidzein and genistein shown in Fig. (1B, C) are consis-
tent with findings from our previous studies [15]. Urinary 
excretions ( g/hr) of riboflavin, daidzein, and genistein at all 
time points up to 24 hrs after each pill, including the 22-24 

hr time interval, were all greater (5-10 fold) than at baseline 
(P values 0.05 by paired t-test).  

 

Fig. (1). Mean urinary excretion rates, mg/hr, (z-axis) of riboflavin 

(A), daidzein (B), and genistein (C) after ingesting each of the four 

study pills (y-axis). Urine collected during baseline and at timed 

intervals after pill ingestion is shown on the x-axis. Each subject 

(n=6) ingested a total of 32 mg riboflavin, 0.243 mmole of daidzin, 

and 0.222 mmole of genistin once every day for four days. Com-

parisons among each time point of an analyte after four different 

daily doses by repeated measures ANOVA showed no difference 

(all P>0.05). 
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 Results of statistical analyses of the data for urinary ribo-
flavin excretion rates ( g/hr) and concentrations ( g/mL) at 
all time points are provided in Table 2. Excretion rates of 
riboflavin (expressed as mg/hr in Fig. (1) and g/hr in Table 
2) and daidzein (Fig. 1) in all urine samples within 24 hrs 
including the 22-24 hr interval were more than 2 SD above 
baseline values. However, genistein concentrations exceeded 
baseline by >2 SD in only 18 of the 23 samples collected 22-
24 hours after pill ingestion. Therefore, riboflavin excretion 
had a stronger correlation with daidzein (r=0.74, P<0.001) 
than with genistein excretion (r=0.59, P=0.003), and ribofla-
vin and daidzein were better markers than genistein for as-
sessing compliance.  

 Each of the 152 women who did not take study pills and 
were not instructed to modify diets or intakes of supplements 
provided 3 to 4 urine samples on different days, for a total of 
584 samples. As shown in Table 2, urinary concentrations of 

riboflavin were on average 3-4 times higher than the baseline 
concentrations of the six study subjects who were instructed 
to avoid all vitamin supplementation. There were large 
within- and between-subject variations in urinary excretion 
of riboflavin among the group of 152 women, with within-
subject CVs (3-4 samples per subject) ranging from 5% to 
165%, and between-subject CVs (n=152) ranging from 19% 
to 1,234% for excretion rates ( g/hr). Corresponding within- 
and between-subject CVs for riboflavin concentrations 
( g/mL) in urine ranged from 9 to 149% and 15 to 2,361%, 
respectively. None of these 152 subjects had riboflavin con-
centrations exceeding the mean urinary concentration of 2.3 

g/mL found in the 6 study subjects at 22-24 hrs after ingest-
ing the study pill containing riboflavin.  

 To assess the performance of riboflavin as a compliance 
marker, ROC curves were constructed using results ex-
pressed as both excretion rates and concentrations, with data 

Table 1. Daily Intake Recoveries in Urine of 6 Women After a Daily Dose of Riboflavin (32 mg), Daidzin (0.243 mmole), and  

Genistin (0.222 mmole) for Four Days 

 

 %-Daily intake recovered in urines (mean ± SD)* 

Metabolite Pill 1/Day 1  Pill 2/Day 2 Pill 3/Day 3 Pill 4/Day 4 

Riboflavin 55.5 ± 24.5 36.1 ± 24.3 40.0 ± 24.6 28.0 ± 19.2 

Daidzein 36.6 ± 20.1 39.1 ± 22.7 38.3 ± 22.1 39.0 ± 21.8 

Genistein  6.9 ± 3.8 7.3 ± 4.2 4.8 ± 2.3 7.9 ± 4.4 

*Comparison by analyte among four different daily doses by repeated measures ANOVA. 
**Test of equal means rejected only for genistein (P=0.01), but not for riboflavin or daidzein. 

Table 2. Urinary Excretion ( g/hr) and Concentrations ( g/mL) of Riboflavin in 6 Women on Restricted Dietary Supplements 

Taking Study Pills Containing 32 mg of Riboflavin Once Daily for Four Days and in 152 Women with Unrestricted Die-

tary Supplements not Taking the Study Riboflavin Pill 

 

Riboflavin levels 

Total urine 

samples
a 
 Mean

b
 SD 95% CI Median Minimum Maximum 

Riboflavin excretion ( g/hr) 

Subjects taking riboflavin (n = 6)               

 Baseline, before riboflavin 12 7.5 3.6 3.7, 11.3 6.3 3.6 13.5 

 0-8 hr after riboflavin 42 1611 1756 1063, 2158 1254 186.4 9488 

 8-22 hr after riboflavin 28c 127.1 127.9 77.6, 176.7 70.5 18.1 531.2 

 22-24 hr after riboflavin 23d 103.5 79.8 68.9, 137.9 90.8 15.1 304.1 

Subjects not taking riboflavin (n=152)               

 12 hr collection, 3 to 4 times 584 32.4 32.9 27.1, 37.7 22.9 1.4 214.4 

Riboflavin concentration ( g/mL) 

Subjects taking riboflavin (n = 6)             

 Baseline, before riboflavin 12 0.2 0.1 0.1, 0.3 0.2 0.1 0.4 

 0-8 hr after riboflavin 42 17.1 17.2 11.7, 22.4 10.5 0.7 79.1 

 8-22 hr after riboflavin 28c 2.9 2.3 2.0, 3.7 2.1 0.4 7.3 

 22-24 hr after riboflavin 23d 2.3 1.7 1.6, 3.1 1.9 0.5 7.5 

Subjects not taking riboflavin (n=152)               

 12 hr collection, 3 to 4 times 584 0.4 0.3 0.4, 0.5  0.3 0.1 1.7 

aHours and fractions of collections varied from pill to pill (consult text for more details). 
bCompared with baseline by paired t-test (all p 0.05). 
cTwo subjects missed one collection. 
dOne subject missed one collection. 
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from the six subjects defined as truly compliant and from the 
152 subjects as truly noncompliant for this analysis. A 
method for monitoring compliance is most effective in clini-
cal trials if it can detect a compliance tracer in urine samples 
collected at various timed intervals after pill ingestion. 
Therefore, we used riboflavin levels from all timed urine 
collections including samples collected on study site for as-
sessing sensitivity and specificity. Fig. (2) shows that ribo-
flavin performed well for measuring compliance, because the 
AUCs for all ROC curves (0-8 hours and 8-24 hours, and for 
results expressed either as excretion rate or concentration) 
were all > 0.5, i.e. above the 45 degree line, a line represent-
ing results that would be obtained by chance. The ROC 
curves (Fig. 2) appeared to predict compliance better, as ex-
pected, for urine collected within the first 8-hr (AUC=0.99 
and 1.00) than between 8 to 24-hr after pill ingestion 
(AUC=0.84 and 0.94, all P values <0.01 by pair-wise com-
parison), reflecting higher levels in the earlier samples, and 
for results expressed as concentrations compared to excretion 
rate. Using 1 μg/mL or 100 g/hr as thresholds for assessing 
compliance for urine collected >8 hrs post-pill ingestion, 
positive likelihood ratios for concentration and excretion 
measurements were 12.1 and 8.2, respectively; and negative 
likelihood ratios were 0.29 and 0.62, respectively. Sensitivity 
and specificity for 1 g/mL (concentration) were 0.72 and 
0.94, respectively; and sensitivity and specificity for 100 

g/hr (excretion rate) were 0.41 and 0.95, respectively. Spot 
urine samples collected 22-24 hrs after pill ingestion had 
riboflavin concentrations >1 μg/mL. Therefore, a urine con-
centration >1 g/ml is a reasonable cutoff for identifying 
compliance in taking a pill containing 32 mg of riboflavin 
within the past 24 hrs, with a type I misclassification error of 
<5%.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (2). Receiver operating characteristic (ROC) curves of urinary 

riboflavin as a tracer for medication compliance: comparison be-

tween different measures of urinary levels ( g/ml vs. g/hr) and 

between different intervals of pill ingestion to time of urine sam-

pling (0-8 hrs vs. 8-24 hrs). AUC, area under the ROC curve. 

DISCUSSION 

 Objective methods for rapidly assessing compliance can 
improve clinical trial management, conduct and interpreta-
tion of results. We studied the potential usefulness of assess-
ing compliance by incorporating riboflavin at a dose of 32 
mg/day into a study pill to be administered daily in a clinical 
study. The study pill was administered under controlled con-
ditions to 6 healthy females whose intakes of supplements 
were restricted, and their urinary excretion of riboflavin was 
compared to that of 152 other women whose dietary and 
supplement intakes were not restricted. ROC curves indi-
cated that riboflavin performed well as a compliance marker. 
In clinical studies, it is desirable to minimize both false posi-
tive rates (type I error, or misclassification of noncompliant 
subjects as compliant) and false negative rates (type II error, 
or misclassification of compliant subjects as noncompliant). 
With ingestion of a study pill containing 32 mg of riboflavin, 
our results suggest that to keep type I error (misclassification 
of noncompliant subjects as compliant) below 5%, a urinary 
riboflavin concentration of >1.0 g/mL, or a substantial in-
crease above baseline would indicate compliance with study 
pill ingestion.  

 The choice of a cut-off for compliance-membership clas-
sification may vary depending on the purpose (e.g. screening 
vs. diagnostic) of a clinical study and the intended study 
population (e.g. high risk or low risk). The desired balance 
of these factors may dictate whether the goal is to keep a low 
false positive rate or a low false negative rate if keeping both 
low is difficult. The pre-test probability of compliance or 
non-compliance is assumed to be 0.5 (as with the flip of a 
coin). At any chosen cut-off there will be a trade-off between 
false positive and false negative rates which under some cut-
off values may be inversely related to each other. For clinical 
trials assessing drug efficacy, it is more important to keep 
the false positive rate (misclassification for those truly not 
taking the pill as taking the pills) low than to keep the false 
negative rate low (misclassification for those truly taking the 
pill as not taking the pills), because a high false positive rate 
is more likely to invalidate drug-efficacy study result and 
increase costs than will a higher false negative rate. For ribo-
flavin, comparing levels before and after pill ingestion, in 
addition to considering a minimum cut-off of >1.0 g/mL 
will help keep the false negative rate low. Using both condi-
tions for assessing compliance is likely to be stringent for 
many clinical studies, but should be tested in larger trials.  

 The 32 mg of riboflavin provided in the study pill is near 
the upper limit of intestinal absorption of this vitamin [12], 
and was high enough to yield levels in urine sufficient for 
fluorescence measurement in previous clinical trials [10, 22]. 
The HPLC method we used for riboflavin is both sensitive 
and rapid. Riboflavin concentrations as low as 0.01 μg/mL 
can be measured within 30 minutes of collection of a urine 
sample, and the method is suitable for automation for rapid 
throughput analyses. Therefore, riboflavin, which can be 
incorporated into pills containing both an active substance 
and placebo, can serve as a marker for compliance that is 
measured independently of the active test substance. As 
shown in this study, urinary levels of riboflavin can be 
highly variable especially if nutritional supplements are not 
restricted, as in the group of 152 subjects. Riboflavin levels 
in these subjects were 2-4 times higher than in the 6 subjects 

 ROC Curves

False Positive Rate (1 - Specificity)
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in whom nutritional supplements were restricted (Table 2). 
In a clinical trial, it may be advisable to provide all study 
participants with standardized multi-vitamin supplementa-
tion and require that the participants avoid ingestion of their 
personal brand of vitamins. This study design may equalize 
background riboflavin exposure in all participants and en-
hance the efficacy of using riboflavin as a marker of compli-
ance.  

 Additionally, the metabolism and disposition of active 
test substances, such as isoflavones, may be variable within a 
study population. The metabolism and disposition of the two 
isoflavones, daidzin and genistin contained in the study pill, 
have been studied extensively in our laboratory [15]. Daidzin 
and genistin are glycosides that undergo hydrolysis by intes-
tinal flora, and their aglycones daidzein and genistein are 
then absorbed by the intestine, and metabolized in the liver 
to glucuronide and sulfate conjugates that are excreted in 
urine as such. The results of this study using a pill that con-
tained all 3 substances indicate that riboflavin is a better 
marker for assessing compliance. Measurement of isofla-
vones is time consuming, first requiring hydrolysis of the 
glucuronides to the aglycones, followed by silylation and 
measurement by GC-FID [15], and is less suitable for rapid 
assessment of compliance. Moreover, we and others [23, 24] 
have found that these two isoflavones have widely different 
and variable urinary recoveries (Fig. 1B-C). In this study, 
there was better concordance between increases in riboflavin 
and daidzein excretion (r=0.74) than between riboflavin and 
genistein excretion (r=0.59) in all six subjects who ingested 
the study pill. Therefore, either riboflavin or daidzein would 
be a better compliance marker than genistein for study pill 
ingestion.  

 The major strengths of this study are that urinary ribofla-
vin and isoflavone excretions were studied for 24 hrs after 
repeated ingestion of a pill containing riboflavin and two 
isoflavones, with multiple urine fractions collected at timed 
intervals. Moreover, the study pill was administered under 
controlled, supervised conditions to subjects with restricted 
vitamin supplement intakes, and riboflavin excretion was 
compared to subjects who did not take the pill and whose 
dietary and vitamin supplement intakes were not restricted. 
Measuring riboflavin concentration in spot urines collected 
at study site during a study that involves daily ingestion of a 
test pill is more desirable for monitoring compliance than 
collecting urine specimens at home. Cut-off levels of ribo-
flavin excretion indicating compliance as defined under these 
conditions appear to be stringent, and need to be validated 
under other conditions for future large scale use in clinical 
trials.  

 In summary, an analytical method for measuring ribofla-
vin in urine from women who ingested 32 mg of riboflavin 
was found to be suitable for monitoring compliance in clini-
cal studies and can be adapted for rapid throughput analysis. 
Results suggest that after a subject ingests 32 mg of ribofla-
vin, compliance is indicated by riboflavin levels in urine that 
are increased over an individual baseline or 1.0 g/mL. 
Measurement of urinary daidzein was also a reliable marker 
for compliance, but genistein was not. However, the assay 
for daidzein is much more time-consuming and less cost 
effective than that for riboflavin. ROC curves of riboflavin 
suggest that riboflavin in urine collected within 24 hrs after 

pill ingestion is a useful marker for assessing compliance of 
daily pill ingestion.  
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