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Abstract
Background—Validity of oral contraceptive pill (OCP) clinical trial results depends on
participant compliance. Ethinyl estradiol (EE2) induces increases in hepatic binding globulin (BG)
levels. Measuring these BG increases may provide an effective and convenient approach to
distinguishing non-compliant from compliant OCP users in research settings. This analysis
evaluated the usefulness of measuring increases in corticosteroid, sex hormone and thyroxine
binding globulins (CBG, SHBG, TBG) as measures of OCP compliance.

Methods—We used frozen serum from a trial that compared ovarian suppression between
normal weight and obese women randomized to one of two OCPs containing EE2 and
levonorgestrel (LNG). Based on serial LNG measurements during the trial, 17% of participants
were non-compliant. We matched non-compliant participants with compliant participants by age,
BMI, ethnicity and OCP formulation. We measured CBG, SHBG and TBG levels, and compared
change from baseline to 3-month follow-up between the non-compliant and compliant
participants. Construction of receiver operator characteristic (ROC) curves allowed comparison of
various BG measures.

Results—Changes in CBG and TBG distinguished OCP non-compliant users from compliant
users (area under the ROC curve (AUROC), 0.86 and 0.89, p < 0.01). Changes in SHBG were less
discriminating (AUROC 0.69)

Conclusions—EE2 induced increases in CBG and TBG provide a sensitive integrated marker of
compliance with an LNG-containing OCP.
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1. Introduction
Non-compliance during a clinical trial often biases estimates of effect, decreases
generalizability and validity, reduces statistical power, and increases study costs. Accurate
measurement of compliance during a trial, however, can be expensive and difficult to
achieve [1, 2]. Clinical trials of contraceptive methods most often use self-report to measure
compliance [3, 4]. Self-report is inexpensive, but vulnerable to error. In contrast, biomarker
measures of compliance may be more valid, but can be expensive and may require multiple
visits, which might not be compatible with a study protocol. In an oral contraceptive pill
(OCP) effectiveness trial, mistaken assumptions of good compliance will lead to an inflated
estimate of the OCP failure rate; pregnancies may be more common among non-compliant
study participants, specifically those who provide inaccurate information about their
compliance during the trial. Similarly, physiological studies to evaluate changes during OCP
use will also lose validity and power if compliance is misclassified.

We recently studied OCP-mediated ovarian suppression in normal weight and obese women
[5-7]. One hundred eighty-one participants completed the trial and submitted paper diaries
indicating correct OCP use. Because sonograms and progesterone levels indicated
unexpectedly frequent ovulation during the trial (12% of study cycles), we used stored
serum specimens to measure levels of levonorgestrel (LNG) and identified 17% of study
participants with frequently or consistently undetectable LNG levels indicating substantial
or complete OCP non-compliance, contradicting the information recorded in their diaries
[5]. Most of the observed ovulations occurred during OCP non-use, and had we relied on
self-reported compliance alone, we would have drawn incorrect conclusions about OCP
effectiveness.

Measuring compliance with a biomarker was easy to do in that study because we were
already seeing the participants at frequent visits and drawing blood to measure estradiol and
progesterone levels. Those stored specimens were available to assess compliance, although
the additional assays added substantial costs. Large Phase 3 studies to estimate OCP
effectiveness use self-report to identify compliance, and often have infrequent visits and few
blood draws. In those studies, using frequent blood draws to measure compliance via
repeated OCP hormone assays would not be feasible.

Ethinyl estradiol (EE2)- containing OCPs cause numerous metabolic changes, among which
are gradual and reversible increases in estrogen sensitive hepatic proteins [8-22]. Changes in
hepatic proteins could serve as an integrated marker of taking OCPs similar to use of the
hemoglobin A1C test in management of diabetes; that test measures the percentage of
hemoglobin that is glycosylated and serves as an integrated measure of glucose levels over
several months [23]. By analogy, EE2-induced increases in hepatic proteins could provide a
more long-term indicator of OCP compliance. The present analysis sought to evaluate the
validity of measuring three hepatic proteins to differentiate non-compliant from compliant
women in an OCP clinical trial: corticosteroid binding globulin (CBG), sex hormone
binding globulin (SHBG) and thyroxine binding globulin (TBG).

2. Methods
Data for this nested case-control analysis come from an IRB-approved trial comparing
normal weight and obese OCP users [5-7]. The Columbia University Institutional Review
Board approved the study, and all participants gave informed consent. In brief, eligible
women were aged 18-35 years with a recent history of regular, spontaneous menstrual
cycles, willing to take an OCP for three to four months and commit to eight bi-weekly study
visits during the third or fourth OCP cycle. Participants had no medical contraindications to
OCP use [24].
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Participants were randomized to receive monophasic OCPs containing either 30 mcg EE2
and 150 mcg LNG or 20 mcg EE2 and 100 mcg LNG (Portia® and Lessina®, respectively,
Barr Laboratories, Inc., Bala Cynwyd, PA). Participants reported OCP use on a paper diary.
To assess compliance with OCP use, we measured LNG levels in specimens collected
between days 2-21 of the study cycle. LNG levels were quantified by sensitive and specific
radioimmunoassays (RIAs) as previously described [5-7].

We categorized the 181 participants who completed the study as non-compliant users (either
non-users or inconsistent users) or compliant users based on results of 903 LNG assays,
details reported previously [5-7]. Thirty-one women were non-compliant (17%) -18 non-
users, all with uniformly undetectable LNG levels, and 13 inconsistent users, with
undetectable LNG levels in most samples - and 150 women were compliant users (83%), all
with LNG levels >1.0 ng/mL. For the present analysis we excluded women with ongoing
OCP use at study entry. For each non-compliant user (n=21), we sought two compliant user
‘controls’, matching on age, BMI, ethnicity and OCP formulation. Because there were few
Asian participants, and these resembled the white participants with regard to other variables,
we present whites and Asians combined into one group; thus, the racial/ethnic categories
were white/Asian, black and Hispanic.

Using stored specimens, we measured CBG, SHBG and TBG at enrollment and on day 21 of
the study cycle. The Biomarkers Core Laboratory of Irving Institute for Clinical and
Translational Research performed the CBG, SHBG and TBG assays. Specimens from
matched cases and controls were analyzed in duplicate in the same run. CBG was measured
using a RIA (IBL-America, Minneapolis, MN). Our coefficients of variation (CVs) for CBG
assays in this study were 8.6% (intra-assay) and 8.7% (inter-assay). SHBG and TBG were
measured using chemiluminescence immunoassay on an automated immunochemistry
analyzer (Immulite 1000, Siemens Healthcare Diagnostics Inc., Deerfield, IL). Our CVs in
this study for the intra- and inter-assay precision of the SHBG assays were 2.4% and 2.5%,
and for the TBG assays CVs were 7.0% and 9.5%, respectively.

We first compared baseline participant characteristics to verify that matching was
successful. We calculated change and percent change from baseline to follow-up for each of
the three BGs. The distribution of BG change among the compliant women was
approximately normal; however, BG levels among the noncompliant women were not
normally distributed and thus we used non-parametric comparisons throughout (Kruskal-
Wallis non-parametric analysis of variance and Wilcoxon signed rank-sum test, as
appropriate).

We constructed receiver operator characteristic (ROC) curves for each BG to characterize:
(1) All non-compliant users versus compliant users, (2) Non-users versus compliant users,
and (3) Inconsistent users versus compliant users. To evaluate which measure of BG change
was most predictive, we compared the area under the ROC (AUROC) curves. The maximum
possible AUROC value is 1.0, representing perfect discrimination between groups; the
optimal ROC curve is the one with the highest AUROC value [25,26]. An AUROC curve
with a value > 0.8 is considered to indicate a good test.

Based on results of prior studies, the expected increase in CBG from baseline to cycle day
21 during use of an LNG-containing OCP was approximately 90% [18-21]. In this analysis,
with 21 cases and 42 controls, we had 80% power to detect a CBG change of 20% or
greater. Statistical analyses were performed using SAS statistical package 9.2 (SAS
Institute, Cary, NC), and Fig. 1 was constructed using STATA release 11 (StataCorp LP,
College Station TX).

Westhoff et al. Page 3

Contraception. Author manuscript; available in PMC 2014 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



3. Results
These results include 21 non-compliant users (further identified as 12 non-users and 9
inconsistent users) and 42 compliant users. We matched the non-compliant users with two
compliant controls by age, BMI, ethnicity and OCP formulation. Table 1 summarizes
baseline characteristics. By design, non-compliant and compliant users were similar
regarding the matching variables. Compliant users tended to have higher levels of education
(p=0.05).

We evaluated mean levels of the BGs among compliant users according to the variables in
Table 1. Mean BG levels did not vary by age. Mean baseline SHBG was lower among obese
women than normal weight women (40.9 versus 62.1, p=0.003) and obese women
experienced a larger percent change in SHBG after starting the OCP (88.7% versus 50.1%, p
= 0.004). Mean CBG and TBG levels did not vary by BMI group. Baseline and follow-up
mean CBG and SHBG levels did not vary by ethnicity, but follow-up mean TBG levels were
lowest among Asian/white women, higher in black women and highest in Hispanic women
(25.7, 32.5, and 35.5, respectively, p = 0.02). Women who received the higher dose OCP
formulation had higher levels of CBG at follow-up than women who received the lower
dose (115.0 versus 101.3, p=0.01). Follow-up SHBG and TBG levels did not vary by OCP
formulation.

Compliant OCP users had substantial increases in the median values of all three BGs during
OCP use (p-values all <0.001). In contrast, non-users had minimal increases in each BG (p-
values all >0.05). Among inconsistent users, changes in BG were intermediate. Table 2
shows median BG levels. For each BG, the follow-up level, change and percent change
showed only slight overlap between non-users and compliant users, but more overlap
between inconsistent users and compliant users as illustrated in Fig. 1. Further analyses,
exploring the changes in CBG and TBG simultaneously, indicated that this method may
provide more separation between the inconsistent users and compliant users.

Table 3 presents the AUROC values and 95% confidence interval for each AUROC. In
distinguishing non-compliant (either non-users or inconsistent users) from compliant users,
most measures of CBG and TBG performed well, that is, with an AUROC value > 0.8. In
distinguishing OCP non-users from compliant users, these two groups were farther apart
than all non-compliant versus compliant users (the previous comparison), and thus most
AUROC curves of CBG and TBG had even higher values. Finally, in distinguishing
inconsistent users from compliant users, the BG changes were more similar, and the
AUROC values were somewhat lower than the previous two comparisons; since the study
includes only 9 inconsistent users, it is difficult to draw strong conclusions from this portion
of the analysis. For all comparisons, measures of SHBG were less informative than
measures of CBG and TBG. All of the AUROC results are consistent with the data shown in
Fig. 1 and Table 2. These results were unaffected by adjustment for the matching and non-
matching factors identified as having an effect on BGs.

4. Discussion
In this clinical trial, all participants had reported using the study medication in their diaries,
but the self-report was not substantiated in 17% of participants based on repeated LNG
measurement. In this further evaluation of compliance, we found substantial increases in
median CBG and TBG levels among compliant OCP users that clearly distinguished them
from non-compliant study participants; however, as shown in the figure, there is some
overlap between the groups. CBG and TBG changes taken individually did not accurately
distinguish the subset of women who were inconsistent OCP users; thus, future larger
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studies should evaluate the additional benefit of analyzing CBG and TBG increases in
tandem.

Measuring compliance with a biomarker was easy to do in this study because we were
already seeing the participants at frequent visits and drawing blood to measure estradiol and
progesterone. Those stored specimens were available to assess compliance, although the
additional assays added substantial costs. In contrast, large Phase 3 studies to estimate OCP
effectiveness often have infrequent visits and few blood draws. In those studies, using
frequent blood draws to measure compliance via repeated OCP hormone assays would not
be feasible, and thus they frequently use self-report to identify compliance.

Inaccurate measures of compliance, such as self-report, bias results and diminish the
validity, precision and statistical power of the trial [1-4]. Using BGs as a measure of
compliance in Phase 3 contraceptive effectiveness trials would identify women who are not
using the assigned hormonal contraceptive; this could lead to a more valid assessment of
whether pregnancies are actually treatment failures. Further, in hormonal contraceptive
studies with a physiological endpoint, measuring BGs could assist in the identification and
exclusion of non-compliant participants, thus improving the validity of the trial. Obtaining
just a single on-treatment BG measure late in a study cycle would provide valuable
information on compliance and clearly identify non-users. Because non-use of a hormonal
method is often a study entry criterion, obtaining a baseline BG measurement will also be
useful, since high values (indicating current use) would enable continuing users to be
eliminated from study.

Measurement of BGs has benefits compared to measuring the contraceptive steroid itself.
Any study participant could take a single dose of study medication immediately prior to a
study visit and a single hormone assay would show her to be compliant. BG levels, however,
do not change in one day and thus a single value can better indicate weeks of compliance or
non-compliance. The BGs studied here reach peak levels by about 14 days after starting
daily OCP use and remain relatively constant thereafter [12, 18, 27, 28], dropping
substantially as soon as five days after the last active OCP intake, thus giving flexibility as
to when to take a blood sample. More frequent visits and blood samples to repeatedly
measure contraceptive steroid levels would often not be practical with large or long duration
studies. Even if feasible to obtain multiple specimens, in our laboratory contraceptive steroid
analyses are more expensive than measuring BGs using standardized immunoassays. Both
SHBG and TBG are widely available in any clinical laboratory; at our laboratory SHBG and
TBG assays cost about 80% less than contraceptive steroid assays. CBG may not be
routinely available in clinical laboratories, but is offered by reference laboratories. Despite
their ready availability, we would consider using these assays to evaluate compliance only in
the research context, not for clinical use.

Among the many OCPs containing EE2, the progestin component influences changes in
BGs. LNG-containing OCPs cause smaller increases in CBG and TBG and notably smaller
increases in SHBG than formulations containing other progestins such as desogestrel and
drospirenone [11-15]. We expect, therefore, that BG differences between non-compliant and
compliant OCP users would be even larger than observed here in studies of women using
those other OCPs. In contrast, new OCP formulations containing estradiol (E2) rather than
EE2 cause smaller increases in hepatic proteins [29-31]. Thus, sensitivity of BGs as a
measure of compliance in trials of E2 OCPs may be smaller than we observed in this study
of an EE2 containing OCP. .

In this study, we used serial contraceptive steroid levels as a gold standard to distinguish
non-users from inconsistent users within the group of non-compliant women. The BG
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changes reported here did not distinguish all inconsistent users from consistent OCP users,
but were excellent at distinguishing the non-users. In studies of EE2-containing
contraceptives, measurement of BGs provide a simple, readily available way to evaluate
non-compliance as an alternative or supplement to assessment of compliance as reported by
participant diary.
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Fig. 1. Binding globulin changes according to OCP compliance
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Table 1
Baseline Characteristics of Participants

Variable All study Participants Noncompliant users Compliant users

N = 181 N = 21 N = 42

Matching variables

BMI (kg/m2) 27.2 ± 6.4 30.2 ± 6.6 30.0 ± 6.4

BMI group

 Normal weight 106 (59%) 8 (38%) 17 (40%)

 Obese 75 (41%) 13 (62%) 25 (60%)

Age 25.2 ± 4.4 26.4 ± 5.4 25.7 ± 3.8

OCP formulation

 20EE2/100LNG 86 (48%) 11 (52%) 21 (50%)

 30EE2/150LNG 95 (52%) 10 (48%) 21 (50%)

Race/ethnicity

 Hispanic 51 (28%) 9 (43%) 17 (40%)

 Black 67 (37%) 10 (48%) 20 (48%)

 White/Asian 63 (35%) 2 (9%) 5 (12%)

Non-matching variables

Height (cm) 163.8 ± 6.5 163.9 ± 6.1 163.0 ± 5.9

Weight (kg) 72.9 ± 17.9 81.3 ± 19.1 79.7 ± 18.2

Education

 Less than a Bachelor's degree 99 (55%) 18 (86%) 26 (62%)

 Bachelor's segree or more 82 (45%) 3 (14%) 16 (38%)

Previous pregnancy

 Yes 76 (42%) 14 (67%) 23 (55%)

 No 105 (58%) 7 (33%) 19 (45%)

Previous birth

 Yes 44 (24%) 10 (48%) 14 (33%)

 No 137 (76%) 11 (52%) 28 (67%)

Smokes cigarettes

 Yes 24 (13%) 1 (5%) 4 (10%)

 No 157 (87%) 20 (95%) 38 (90%)

Data are mean ± standard deviation or n (%).
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Table 3
Area under the curve for ROC analysis

Area under the curve 95% Confidence interval

All Non-Compliant Users (n=21) vs. Compliant Users (n=42)

Follow-up CBG 0.87 (0.76-0.98)

Change CBG 0.86 (0.75-0.97)

Percent change CBG 0.83 (0.69-0.96)

Follow-up TBG 0.77 (0.65-0.90)

Change TBG 0.89 (0.79-0.99)

Percent change TBG 0.89 (0.79-0.99)

Follow-up SHBG 0.74 (0.59-0.89)

Change SHBG 0.69 (0.53-0.86)

Percent change SHBG 0.72 (0.58-0.87)

Non-users (n=12) vs. compliant users (n=42)

Follow-up CBG 0.92 (0.78-1.00)

Change CBG 0.99 (0.97-1.00)

Percent change CBG 0.99 (0.96-1.00)

Follow-up TBG 0.73 (0.56-0.90)

Change TBG 0.94 (0.88-1.00)

Percent change TBG 0.96 (0.91-1.00)

Follow-up SHBG 0.72 (0.48-0.95)

Change SHBG 0.70 (0.48-0.92)

Percent change SHBG 0.79 (0.65-0.92)

Inconsistent-users (n=9) vs. compliant users (n=42)

Follow-up CBG 0.81 (0.65-0.96)

Change CBG 0.69 (0.47-0.90)

Percent change CBG 0.61 (0.37-0.86)

Follow-up TBG 0.83 (0.65-1.00)

Change TBG 0.83 (0.63-1.00)

Percent change TBG 0.80 (0.59-1.00)

Follow-up SHBG 0.77 (0.60-0.93)

Change SHBG 0.68 (0.43-0.93)

Percent change SHBG 0.63 (0.36-0.90)
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