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Abstract
Background—Noncompliance with medications may have major impacts on outcomes
measured in research, potentially distorting the validity of controlled clinical trials. Riboflavin is
frequently used in trials as a marker of adherence. It can be combined with study medication and
is excreted in urine where it fluoresces under UV light. This study compares qualitative visual
inspection of fluorescence to quantitative fluorometric analysis of riboflavin concentration in its
ability to detect the presence of riboflavin in urine.

Methods—Twenty-four volunteers received 0 mg, 25 mg, and 50 mg doses of riboflavin under
single-blind conditions, with 20 also receiving a 100 mg dose. Five serial urine samples were
collected over the following 36 hours. Quantitative measurement of riboflavin by fluorometric
analysis and qualitative assessment of each sample using visual inspection were performed.

Results—The overall false positive rate for qualitative assessment was 53%. For quantitative
assessment, a riboflavin concentration of 900 ng/mL was established to classify positive samples.
More than 80% of samples were positive 2 to 24 hours following ingestion of 25 mg and 50 mg,
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and less than 80% were positive at 36 hours. At least 95% of observations for the 100 mg dose
were above 900 ng/mL at all timepoints.

Conclusions—Quantitative fluorometric assessment is superior to qualitative visual inspection
alone in determining medication adherence. The combination of 25–50 mg of daily riboflavin and
a cut-off level of 900 ng/mL allows for the acceptable sensitivity of missing detection of non-
compliant participants while preserving a high level of power to detect all cases of medication
compliance.
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1. INTRODUCTION
Non-adherence with medications threatens the validity of controlled clinical trials.
Assessment of medication adherence is essential to determining whether the study has
provided an adequate evaluation of the study medication (Babiker et al., 1986; Kranzler et
al., 1997). Similarly, poor adherence can compromise treatment and lead to poor clinical
outcomes.

A number of variables have been identified as contributing to nonadherence, including
medication factors, such as dosing frequency, cost, or side effects; illness factors; and
patient factors, such as cognitive impairment and comorbid psychiatric illness (Osterburg
and Blaschke, 2005; Swift, et al., 2011). Individuals with substance use disorders experience
many of these, contributing to a particular problem with adherence in this population.
Substance use can directly impair judgment, thereby negatively impacting treatment
adherence (Magura, et al., 2002). Additionally, there can be ambivalence surrounding the
use of medications in this population, which can affect adherence (Sowers and Golden,
1999). In a study of 577 individuals receiving disulfiram for alcohol dependence, Fuller et
al. (1986) found only 20% were adherent to medication. Teter et al. (2011) studied
individuals with bipolar disorder and found that rates of medication adherence were lower in
individuals with current substance use disorders as compared to those with past history of or
no substance disorder.

Indirect methods for assessing adherence, such as patient self-report, doctors’ estimates of
adherence, pill counts and specialized packaging have been shown to be less reliable than
direct methods such as measurement of drug levels, (Roth and Caron, 1978; Epstein and
Cluss, 1982; Kranzler et al., 1997), and these methods may result in overestimates of
compliance (Spilker, 1991). Pill counts may provide a better assessment of adherence than
self-reports, but depend on the premise that all missing pills were taken by the patient, when
they may have been removed from the packaging and subsequently discarded or shared with
another individual. Tests of the validity of pill counts have yielded equivocal results (Roth et
al., 1970; Epstein and Cluss, 1982; Pullar et al., 1989; Rudd et al., 1989; Young et al., 1984).
Micro-electronic monitoring, such as containers that record the time and frequency of
opening, provide continuous assessments of compliance, but can be costly and inaccurate.
Patients may remove more than one pill at each opening, or not ingest all pills removed from
the container (Cheung et al., 1988; Cramer et al., 1989; Rudd et al., 1981). Measurement of
drugs or their metabolites in body fluids allows for a more direct assessment of adherence.
This method, however, requires special laboratory facilities and can be expensive.
Additionally, the interpretation of results can be confounded by differences in drug
metabolism and cumulative effects of long-acting compounds. More importantly, the
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measure of compliance is applied to the active medication group but not to the placebo
group, which limits its usefulness.

Tracer assay, in which a compound is encapsulated with study medication and is later
detectable in urine, provides an alternative to directly measuring drug levels. A number of
substances have been employed as tracers, including sodium bromide, methylene blue,
phenol red, fluorescin, bromide, and phenazopyridine (Roth et al., 1970; Epstein and Masek,
1978; Spriet and Simon, 1985; Kraus et al., 1987), but riboflavin has been the most
extensively studied (Hobby and Deuschle, 1959; Deuschle et al., 1960; Veterans
Administration Cooperative Study Group, 1967, 1970, 1977a,b; Cluss and Epstein, 1984;
Cluss et al., 1984; Dubbert et al., 1985; Del Boca, et al., 1996). It is a nontoxic, non-
allergenic, water-soluble vitamin (B2), which is inexpensive and readily absorbed through
oral administration. Riboflavin is excreted in urine at relatively low concentrations, where it
can be detected by fluorescence under UV light using quantitative fluorometric assessment
or qualitative visual inspection (Hobby and Deuschle, 1959; Spilker, 1991; Lambert et al.,
1985). After administration, riboflavin is rapidly absorbed (tmax 1.4–2 hours) and is
eliminated in urine, with more than 91% of the total excretion of riboflavin taking place
during the first 24 hours (Zempleni et al., 1996), making it a good candidate for the
measurement of compliance using a once per day dosing.

The presence of riboflavin in many foods and vitamin products is a potential disadvantage to
its use as a tracer, as dietary riboflavin results in low, background levels of UV fluorescence.
However, urine riboflavin levels are 10–20 times higher following the ingestion of
supplementary riboflavin at the 20–60 mg dose (Malcolm et al., 1992; Zempleni et al.,
1996). With large doses of riboflavin or multiple daily doses, a “spillover” effect has been
observed, in that riboflavin can be detected in the urine for longer than 24 hours (Babiker et
al., 1989; Cluss and Epstein, 1984). This is a significant limitation of the utility of riboflavin
in cases of multiple-daily dosing. Riboflavin has been reported to be light-sensitive (Chen et
al., 2005), and a number of studies have kept specimens refrigerated and protected from
sunlight. Babiker et al. (1989), however, demonstrated no difference in fluorescence among
specimens that were refrigerated, those kept at room temperature but protected from light,
and specimens kept at room temperature and exposed to light.

Studies regarding the reliability of riboflavin detection have yielded equivocal results. Anton
(1996) assessed the accuracy of visual inspection using results from fluorometric analysis as
a standard and found an overall error rate of 28%, comprised of a 20% false positive rate
and an 8% false negative rate, suggesting that qualitative assessment is less precise than
quantitative fluorometry. The VA Cooperative Group (Goldman et al., 1982) found
detection of riboflavin fluorescence to be unreliable, dropping this measure from their
analysis of medication compliance because of lack of uniform interpretations of
fluorescence using visual inspection. Young et al. (1984) also report that riboflavin testing
was discontinued in previous VA Cooperative Group studies because of difficulty in
detection by the clinician.

Other studies, however, have found that riboflavin fluorescence could be accurately detected
even by individuals with minimal training (Cluss and Epstein, 1984; Cluss et al., 1984).
Dubbert et al. (1985) used visual inspection to differentiate fluorescence of normal dietary
riboflavin from that produced by riboflavin supplementation. The authors found that the
accuracy of discrimination increased with riboflavin dose, and reached 100% with
measurement 2 to 8 hours after a 50 mg dose, although there was an average 21.2% false
positive rate. Babiker (1989) also demonstrated that a single 50 mg dose could be detected
via visual inspection within 4 to 6 hours with 95% accuracy in a small study of five
participants.
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Del Boca et al. (1996) performed six trials in which they assessed the reliability and validity
of visual inspection, and determined that raters were most reliable in correctly identifying
negative samples and those which contained high concentrations of riboflavin. They used
additional measures for validity—employing diaries of pills taken in two of the trials, a
capsule count in one trial, and fluorometric analysis in another, and demonstrated accuracy
of up to 94%. This study was limited significantly by small sample size, however. Five of
the six trials had only two participants, including the one using fluorometric validation of
results.

Many research groups use a qualitative assessment of fluorescence, but we were not able to
locate studies that have verified the results of qualitative assessment using objective
measurements to provide a decisive assessment of the validity of visual inspection. To
address this, we compared results of qualitative visual inspection to quantitative
fluorometric measurement of riboflavin concentration. We sought to determine whether the
qualitative method has acceptable performance to be used as a method of monitoring
medication compliance and to determine the dose of riboflavin that is optimal for monitoring
medication compliance using the quantitative method of measurement.

2. METHODS
2.1 Participants

The sample consisted of twenty-four healthy individuals recruited through word-of-mouth
and posted flyers. Eligible participants were between the ages of 18 and 50, willing to
participate and comply with study procedures, and classified as medically healthy volunteers
after a general medical history interview. The study was approved by the New York State
Psychiatric Institute Institutional Review Board. All study participants provided written
informed consent and were compensated for taking part in the study. Individuals who
reported current renal or urinary tract dysfunction, pregnancy or lactation, or a history of
allergic reaction to riboflavin were excluded from participation.

2.2 Procedures
Riboflavin capsules (0 mg, 25 mg, 50 mg and 100 mg) were administered in single doses at
least one week apart. Twenty-four participants received the 0 mg, 25 mg, and 50 mg doses,
and twenty of those participants also received the 100 mg dose. In each dosing phase, the
riboflavin capsule was administered under single-blind counter-balanced conditions (0 h)
and five serial urine samples were collected over the following 36 hours (2, 6, 8, 24 and 36
hours). At the time of riboflavin administration, participants received 5 tubes for specimen
collection, as well as instructions with specific times when urine samples should be
collected. Participants were reminded by phone and/or email when specimens should be
collected throughout the day.

No dietary conditions were imposed, but to reduce the potential confound of exogenous
riboflavin ingestion, subjects were instructed to avoid consumption of all vitamin
supplements for at least one week before participating in the study. Urine specimens were
refrigerated and protected from direct light. All participants were provided with darkly
colored bags for specimen storage and transportation. Specimens were kept under identical
conditions prior to qualitative and quantitative assessments.

2.3 Measures
2.3.1 Qualitative Assessment—The qualitative measurement of riboflavin was
performed by three independent raters who were blind to dose condition. Raters visually
inspected the collected specimens for presence or absence of fluorescence after nonspecific
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ultraviolet (UV) light activation in a dark room. Each rater was trained and experienced with
this methodology for at least one year in clinical trials of drug addiction pharmacotherapies.
All samples were examined twice by all three raters. At any one rating session, raters made
approximately 50 assessments.

2.3.2 Quantitative Assessment—The quantitative measurement of riboflavin was
performed by assaying riboflavin directly against a linear standard curve using a TD-700
laboratory fluorometer (Turner Designs, Sunnyvale CA). The fluorometer was calibrated
using a riboflavin stock solution diluted with a sodium acetate buffer to yield five known
concentrations, ranging from 80 ng/mL to 800 ng/mL (Henderleiter and Hyslop, 1996).
Once calibrated, other samples of known concentration were analyzed to verify the accuracy
of the digital readout. All urine specimens were excited at 450 nm and their emission
fluorescence measured and recorded at 525 nm. Highly concentrated urine samples were
diluted using distilled water to yield concentrations within the linear standard curve range.
The need for dilution was dose-dependent. At the 0 mg dose, 2.5% (3 of 120) of the samples
required dilution; at 25 mg, 88.3% (106 of 120 samples); at 50 mg, 91.6% (110 of 120); and
at 100 mg, 100% (100 of 100). All samples were fully analyzed within 72 hours of specimen
collection.

2.4 Statistical Analysis Plan
As the qualitative test is mostly used to identify non-compliant participants, we first wanted
to assess the likelihood that the test would overestimate the rates of compliance. We
calculated the false positive rate, defined as the percentage of observations rated as positive
for presence of riboflavin in the 0 mg dose condition. We also calculated Cohen’s Kappa
separately for each rater to assess agreement between each individual’s rating of the 0 mg
dose. Two ratings of presence of riboflavin or two ratings of absence of riboflavin for the
same sample were considered to be concordant ratings, while one rating of each was
considered to be a discordant rating.

In the next stage of analysis, we measured the concentration of riboflavin for all collected
samples. In order to determine the rate of false positives for the quantitative method,
subjects were randomly separated into two equal groups. The 95th percentiles of riboflavin
concentration in urine after ingestion of 0 mg of riboflavin were determined using one group
(and defined as a cut-off) and tested using the second group. Subjects who were given the 0
mg dose but tested above this determined cut-off were considered to have false positive
results. Next, we applied a cut-off value to the results of each riboflavin dose at each time
point to determine the true positive rate (%) for that particular cut-off.

Finally, we wanted to determine the accuracy of the qualitative method to detect
fluorescence positive samples. We calculated Pearson correlation coefficients for each time
point and dose to determine how well negative or positive visual assessments correlated with
negative or positive quantitative assessments. Both qualitative and quantitative results were
categorized as binary variables.

For the qualitative assessment, an absence of fluorescence was considered to be a negative
result, and presence of fluorescence was a positive result. For the quantitative assessment,
riboflavin concentration equal to or lower than the predetermined cut-off value was
considered a negative result, while a reading greater than the cut-off point was considered a
positive result.

Analyses were conducted using SAS (version 9.2; Cary, NC).
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3. RESULTS
3.1 Study participants

Twenty-four volunteers took part in the study, with a mean age of 27 years (SD=5.5). The
sample was 67% female (n=16), 67% Caucasian (n=16), 8% African-American (n=2), 4%
Hispanic (n=1), and 21% Asian (n=5).

3.2 Qualitative assessment
The overall false positive rate for the visual assessment of the 0 mg riboflavin dose was 53%
(Table 1). Cohen’s kappa to measure agreement between each rater’s two assessments for
each participant ranged from 0.35 to 0.69.

3.3 Quantitative assessment
The concentration of riboflavin in 0 mg samples varied between 80 and 3,879 ng/mL. The
riboflavin concentration cut-off value to classify samples as negative, determined from the
distribution of the riboflavin concentration in all samples from the 0 mg condition in the first
group, was set at 900 ng/mL (approximately the 95th percentile). Using this cutoff, we
classified samples from two (3.3%) subjects in the first group as false positives (above 900
ng/mL). When this cut-off value was applied to results from the second group, samples from
four participants (6.7%) were false positives. Therefore, we accepted 900 ng/mL as a
reasonable cut-off, resulting in about a 5% false positive rate. We have used the determined
values to plot changes in the concentration of riboflavin over time in all four groups (Figure
1).

Subsequently, we applied the cut-off of 900 ng/mL to all samples for which riboflavin
concentration was determined, resulting in more than 80% of samples above 900 ng/mL at
25 mg and 50 mg from 2 to 24 hours, and less than 80% above the cut-off at 36 hours. At
least 95% of observations for the 100 mg dose were above 900 ng/mL at all time points
(Figure 2).

3.4 Comparison of qualitative and quantitative assessments
Comparison of the accuracy of visual assessment (positive or negative fluorescence) with
the quantitative assessments (above or below a 900 ng/ml threshold) showed that there was
no significant correlation at the 0 mg dose. However, the mean for the group classified as
positive on the majority of qualitative assessments was significantly higher than the mean
for the group classified as mostly negative (576 vs. 392 ng/ml, p=0.04).

There was a high variability for the 25 mg and 50 mg doses. Qualitative and quantitative
assessments were highly correlated for the 100 mg dose (P<0.01) at hours 6 and 8.
Correlations were indeterminable at hours 2 and 24 because either all quantitative readings
were above 900 ng/mL or all rater responses were positive. Visual and quantitative
assessments were not significantly correlated at hour 36.

4. DISCUSSION
Our results demonstrate that the visual inspection method of detecting riboflavin
fluorescence is highly unreliable at correctly classifying urine samples as riboflavin-negative
in participants who do not take supplemental, non-dietary riboflavin. Additionally, the
accuracy of classifying urine samples using visual inspection was shown to be highly
variable among raters.
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Testing a range of urine samples known to have no supplemental riboflavin, we determined
a level of 900 ng/mL to be a reasonable cut-off value for quantitative analysis, above which
samples can be considered positive for the ingestion of supplemental riboflavin. With this
cut-off, the quantitative method allows the detection of riboflavin for up to 24 hours
following the ingestion of 25 or 50 mg of riboflavin, with a power of more than 80%. At the
dose of 100 mg, concentrations of riboflavin remain elevated above the cut-off level beyond
the 24-hour time-point.

With larger doses, the level of riboflavin fails to return to baseline within the subsequent 24-
hour, producing the spillover effect previously reported (Babiker et al., 1989; Cluss and
Epstein, 1984). This finding supports the use of a 25 mg or 50 mg dose administered once
per day in the context of a clinical trial in order to maximize the detection of true positive
samples, representing patients compliant with study medications while minimizing the
possibility of false-positive extending beyond a 24-hour time frame, representing non-
compliant patients. With a dose of 100 mg and a cut-off of 900 ng/mL the method is well
suited to maximize the correct detection of all participants who are compliant with
medication when detecting noncompliant individuals is less of a priority. On the other hand,
using a dose of 25 mg will maximize the detection of non-compliant individuals while
sacrificing the power to detect compliant individuals. In situations where the detection of
most instances of non-compliance is a priority, the low riboflavin dose and a higher cut-off
value for the negative samples (e.g., to 2,000 ng/ml) should be utilized. We suggest that
higher daily doses of riboflavin are appropriate to use in testing compliance with longer-
acting medications, while lower doses will allow the most accurate detection of participants
who miss doses, and are appropriate to use in testing compliance with shorter-acting
medications (dosed more than once daily).

The high error rate of the qualitative method demonstrated here is consistent with results of
studies by Anton (1996) and Dubbert et al. (1985), although we found the rate of false
positives to be even higher. Visual inspection was shown to be highly unreliable with
variable accuracy among raters, consistent with findings by the VA Cooperative Group, who
discontinued riboflavin testing as a result. This is due in part to the presence of riboflavin in
several food groups (e.g., coffee, red meat, cereals), multivitamin preparations, and as an
additive to food supplements and colorants (e.g., energy drinks, orange-flavor drinks).
Accuracy improved with increased dose of riboflavin, an observation which has also been
reported in previous trials (Dubbert, et al., 1985; Del Boca, 1996).

Assessment of medication adherence using visual inspection alone likely results in a
significant overestimation of medication compliance in clinical trials, given the high rate of
false-positive samples demonstrated here. Even with the trained and experienced staff, the
detection of negative samples was little better than at the chance level, and therefore we
cannot recommend this method for use in clinical trials. The quantitative assessment method
can provide a more accurate assessment of medication compliance in clinical trials. For that,
a supplemental riboflavin needs to be encapsulated with a study drug or placebo, with a total
dose of 25–50 mg per day, which permits some flexibility when a dose of study drug needs
to be adjusted. The quantitative method is more reliable than the qualitative method, as it
eliminates the difference between raters’ subjective assessments, which can be significant.
However this method requires the added time for sample preparation and testing as well as
specialized equipment.

The relatively long time to return to negative levels following ingestion of riboflavin makes
the fluorometric analysis useful primarily for once-daily dosing regimens, which is a
significant limitation of its use. Additionally, detection of riboflavin in urine measures
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discrete adherence events over a short time period (24 hours) and therefore is best suited to
studies that include frequent clinic visits.

In the setting of a clinical trial to assess the effectiveness of a medication, the frequent
assessment of medication compliance is most helpful to identify participants that
consistently do not take study medication, and allows for the possibility of reanalyzing the
primary outcome with non-compliant individuals removed. Assessment of non-compliance
can also be used to identify, and intervene with, participants who have variable medication
compliance. However the riboflavin method, with its limited ability to detect occasional
non-compliance, is less suited for that purpose. In that case a marker with a long “half-life”
that will reflect the compliance averaged over the several days will be more appropriate.

This study has several limitations. While participants were reminded via text message and/or
email when specimens were due to be obtained, the collection of urine specimens was not
directly observed. We cannot be certain that all urine specimens were collected at the
specified timepoints. During the visual assessment task, raters were instructed only to rate
samples as positive or negative. Useful information may have been obtained if responses
such as “strongly positive, weakly positive, or unsure” had been included. Additionally,
raters may have been inclined to over-report samples as positive because of a belief that the
research participants had been adherent with the study design. More detailed instructions
may improve the usefulness of the method. While the 25 mg and 50 mg doses were shown
to produce positive readings up to 24 hours, the timing of the readings left a large window of
time between 8 and 24 hours after ingestion without any assessments. It would have been
useful to determine the pattern of fluorescence during that time period. Finally, we have
assumed that a single-dose paradigm used in this study can model the clinical situation of
patients taking medication daily, on a chronic basis. While the majority of riboflavin
exogenous riboflavin is excreted within the 24 hours after the dose, it is possible that there
may be some additional accumulation with chronic dosing which may contribute to even
greater “spillover effect” than observed in our study.

In summary, our results indicate that quantitative fluorometric assessment is superior to
qualitative visual inspection alone in determining riboflavin-labeled medication adherence.
The combination of 20–50 mg of daily riboflavin dose and a cut-off level of 900 ng/mL
allows for the acceptable sensitivity of missing detection of non-compliant participants
while preserving a high level of power to detect all compliance with the medication.
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Figure 1.
Concentration of riboflavin (mean ±SE) in the urine at various timepoints following
ingestion of capsules containing riboflavin 0–100 mg (N=24).
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Figure 2.
Ratio of urine samples with detected riboflavin concentration above the cut-off value at
various timepoints following ingestion of capsules containing riboflavin 0–100 mg (N=24).
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Table 1

False Positives and Specificity for the Qualitative Visual Inspection at the 0 mg dose

False Positives Specificity*

Rater A 55.67% 43.33%

Rater B 55.42% 44.58%

Rater C 48.33% 51.67%

Overall 53.5% 46.5%

*
Specificity = (True Negatives / (False Positives + True Negatives))
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