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Abstract

Purpose: To evaluate pill counts and red blood cell (RBC) membrane fatty acid profiles as measures of com-
pliance with oral omega3 polyunsaturated fatty acids (o3 PUFAs) and to compare the two techniques.
Methods: Sixteen dry eye disease subjects were given oral o3 PUFA or placebo for 3 months. Compliance was
measured by pill counts and blood tests at baseline and 3 months. The Wilcoxon signed-rank tests and rank-sum
tests were used to compare changes from baseline and the difference between the two groups; Spearman
correlation coefficients were used to assess the relationship of pill counts to changes in blood FAs.
Results: Pill counts for the o3 (n = 7) and placebo (n = 9) groups showed a mean consumption of 4.39 and 4.76
pills per day, respectively. In the o3 group, the median change from baseline was + 1.46% for eicosapentaenoic
acid (EPA) (P = 0.03), + 1.49% for docosahexaenoic acid (DHA) (P = 0.08), and - 1.91% for arachidonic acids (AA)
(P = 0.02). In the placebo group, median changes in all measured FAs were small and not statistically significant.
The difference in change in FA levels between the two groups was significantly greater for EPA (P = 0.01) and
AA (P = 0.04). The correlations between pill counts and changes in EPA (r = 0.36, P = 0.43) and DHA (r = 0.17,
P = 0.70) were not strong.
Conclusions: RBC FA analysis can be used to measure compliance in the active group and also monitor the
placebo group for nonstudy o3 intake. Low correlation of pill counts with blood levels suggests that pill counts
alone may be inaccurate and should be replaced or supplemented with objective measures.

Introduction

Omega3 (n-3, o3) polyunsaturated fatty acids (PUFAs)
and their anti-inflammatory properties in humans have

been a source of considerable interest in recent years. Con-
sequently, they have been the focus for possible treatment
of inflammatory ocular conditions such as dry eye disease
(DED) and meibomian gland dysfunction.1–3 Although
they have shown statistically significant improvements across a
broad spectrum of systemic diseases as diverse as IgE-associ-
ated disease,4 polycystic ovary syndrome,5 psychiatric disor-
ders,6 infertility,7 cardiac disorders,8 hypertriglyceridemia,9 and
obesity,10 their efficacy in DED has not been established.

The results from o3 studies in DED have been variable, with
some studies showing improvement in signs and symptoms;
and others showing no significant benefit. Although this could

be attributed to the inherent variability of DED, it could also be
due to factors related to the study design, such as single-center
studies with a small sample size.1,11 Another key issue may be
variability in compliance with the dosing regimen, but mea-
surement of compliance typically was not done at all11 or was
done by only subjective methods.1,2

Compliance and the ability to monitor compliance are key
to determining the efficacy of any new drug. This is particu-
larly significant to o3 trials,12 as they face unique issues re-
lated to compliance. The common problem of subjects in the
active arm not taking their medication becomes more relevant
in o3 studies, given the need for chronic treatment with large
doses (five pills per day). Furthermore, unlike investigational
drugs, o3 PUFAs are easily available for purchase as over-the-
counter (OTC) nutritional supplements, leading to the possi-
bility of subjects in the placebo arm taking the active drug in
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the form of o3 supplements. Undocumented use of OTC o3
may bias the results of the study and lead to lack of signifi-
cance in interpreting data. Hence, it is essential that future
studies incorporate compliance monitoring into their study
design, to provide reliable analysis of efficacy.

The purpose of this study was to demonstrate the feasi-
bility of incorporating a minimally invasive objective metric
for measuring compliance in a small, randomized, controlled
clinical trial of o3 supplementation in DED. In this feasibility
study, we evaluated two tests of compliance: pill counts and
red blood cell (RBC) membrane fatty acid analysis for
monitoring compliance to o3 PUFAs or the placebo.

Changes in the blood levels of eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA), and arachidonic acids (AA) re-
flect o3 intake.13 The o3 PUFAs are derivatives of essential
fatty acids and cannot appear in the body unless ingested. They
are derived from, alpha-linolenic acid (ALA; 18:3, n-3) an 18-
carbon PUFA.5 Once ingested, the 18-carbon essential fatty acid
is desaturated and elongated to 20-carbon fatty acids, EPA, and
DHA, which comprise the majority of o3 PUFAs in the human
diet and have widespread anti-inflammatory effects. On the
other hand, derivatives of o6 PUFAs have proinflammatory
effects.14 o6 fatty acids, typically AA, are present in high con-
centrations in human cell membranes. o3 and o6 fatty acids
compete for the same desaturation enzymes,15,16 and when
consumed, EPA and DHA partially replace AA in the cell
membrane. Therefore, in subjects compliant to active supple-
ments, the blood levels of EPA and DHA should rise, and the
blood levels of AA should fall. Changes in blood levels should
not be seen in the placebo group, unless they are consuming
external sources of o3 PUFAs or changing their diet. Hence,
blood tests to monitor EPA, DHA, and AA were used to
monitor compliance, both in the treatment group and the pla-
cebo group.13,17–22

Methods

The feasibility study design consisted of a single-center,
double-blind, randomized controlled clinical trial of o3
PUFAs for the treatment of DED to determine the feasibility of
the clinical trial protocol and to determine subject compliance
to o3 PUFA supplements. The clinical study was conducted
according to the principles of the Declaration of Helsinki and
approved by the Mount Sinai School of Medicine Program for
the Protection of Human Subjects. After a thorough explana-
tion of study procedures and requirements, written informed
consent was obtained from all study subjects.

Eighteen subjects, 15 female, 3 male, ages 31–78 (mean age:
56 – 14 years) with previous diagnoses of DED were randomly
assigned to one of the two groups; the treatment group re-
ceiving o3 PUFA pills for 3 months, and the placebo group
receiving placebo pills (olive oil) for 3 months. Each patient was
instructed to take five soft gel capsules per day. The total daily
dose of o3 PUFAs from the five pills was 3,000 mg of o3 PU-
FAs. The active and the placebo pills were identical in size,
shape, color, and taste, to ensure masking. Subjects were asked
to maintain a stable diet with respect to fish oil and nutritional
supplement consumption during the study. Two subjects
dropped out of the study before completion due to reasons
unrelated to the study procedures and treatment.

Compliance to the dosing regimen was monitored by two
methods: pill counts and blood tests.23 Pill counts were made
by dispensing a fixed number of pills to patients and asking

them to return any unused pills at their next follow-up
visit. Pill counts were done at the 1-month and the 3-month
follow-up visits. Blood samples were drawn at baseline and
then at 3 months.

Blood analysis

Blood was collected in 4-mL tubes containing EDTA and
shipped overnight at room temperature, without further
processing, to the Peroxisomal Diseases Laboratory at the
Kennedy Krieger Institute in Baltimore, Maryland, for anal-
ysis. Within 48 h of collection, the RBCs were separated from
the blood samples, washed with phosphate-buffered saline
and stored in a - 80� freezer until analysis. RBC membrane
levels of EPA, DHA levels, and AA were determined using
capillary column-negative ion mass spectrometry and ex-
pressed as percentage of total fatty acids, as previously
described.23

Statistical analyses

Statistical analyses focused on values of EPA, DHA, and
AA (% total FA). The Wilcoxon signed-rank tests and rank-
sum tests were used to compare changes from baseline and
to compare the differences between treatment groups; non-
parametric Spearman correlation coefficients were used to
assess the relationship of pill counts to changes in RBC
membrane fatty acids.

Results

Pill counts and blood tests were completed as per protocol
on all 16 subjects. Pill counts for the o3 group (n = 7) and
placebo group (n = 9) showed a mean consumption of 4.39
and 4.76 pills per day, respectively, that is, the compliance
rate by pill counts was 87.8% in the active group and 95.2%
in the placebo group. RBC membrane FA analysis in the
active group revealed a statistically significant rise in EPA
and a statistically significant fall in AA levels, 3 months after
supplementation with o3 PUFAs. The median change from
baseline to the 3-month follow-up visit was + 1.46% for EPA
(P = 0.03), + 1.49% for DHA (P = 0.08), and - 1.91% for AA
(P = 0.02) (Fig. 1). In the placebo group, median changes in all
measured FAs were small and not statistically significant
(EPA: 0.05%, P = 0.25; DHA: 0.25%, P = 0.43; AA: - 0.23%,
P = 0.16). Comparing the change in FA levels in the placebo
group to the change in the active group showed that the
increase in EPA (P = 0.01) and the decrease in AA (P = 0.04)
after treatment was significantly greater in the o3 group than
in the placebo group. There was no statistical correlation
between the number of pills taken and changes in blood EPA
(r = 0.36, P = 0.43) and DHA (r = 0.17, P = 0.70) (Fig. 2). For
instance, one subject assigned active treatment had an av-
erage pill count of 3.68, yet contrary to the expected increase
there was decrease in blood EPA and DHA. Another subject
with a high average pill count of 5.16 showed only a modest
increase in EPA and a fall in DHA, whereas a subject with a
similar pill count of 5.05 showed a high rise in both EPA and
DHA (Table 1).

Discussion

Compliance is a critical issue in clinical drug trials assessing
safety and efficacy of new treatments. It is influenced by a
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variety of factors including, but not limited to, the efficacy and
side effects of the product, the number of medications being
taken, the doses per day, and information given by the doctor.
In clinical trials of nutritional supplements, OTC availability
of the drug adds another confounding factor to compliance
since subjects are able to self-medicate. The World Health
Organization estimated in 2003 that subjects with chronic
diseases in developed countries only take about 50% of their
drugs.24 Accurate methods to verify that subjects are taking
the study medication are key to reliably establishing the safety
and efficacy of new drugs.

Past studies of o3 have used food frequency question-
naires,25 diaries to register major deviations from the usual
diet,26 self-reported compliance,27 and pill counts28–30 to
measure compliance. However, all of them rely on the ac-
curacy of the information that the subject provides and
therefore their reliability is uncertain. For instance, in our

study, pill counts indicated that all subjects took their pills
(about 88% compliance), but blood levels in fact showed a
decrease in o3 in 29% of the subjects in the active arm, clearly
demonstrating that pill counts do not always correctly reflect
changes in blood levels of o3. Poor correlation between pill
counts and blood levels of o3 are likely due to inaccuracies in
pill counts or failure to follow the protocol dosing sched-
ule. Previous research by Witte et al. demonstrated a sig-
nificant linear correlation between systemic o3 intake and
increase in the proportion of o3 fatty acids in RBC mem-
brane.13 Therefore, all subjects in the active arm, if they were
compliant as their pill counts suggested, would have a sig-
nificant increase in blood EPA and DHA levels. Although for
most people there is a direct correlation between intake and
changes in blood levels of o3, it has been reported that some
people may have a genetic variation in the metabolism of
o331 and may require a higher intake of o3 to increase RBC

FIG. 1. Change from base-
line to 3 months in RBC
membrane %. Total fatty ac-
ids: EPA, eicosapentaenoic
acid; DHA, docosahexaenoic
acid; AA, arachidonic acid;
RBC, red blood cell.

FIG. 2. Correlation between
average pill counts and
change in RBC membrane
omega3 polyunsaturated fat-
ty acids over 3 months in ac-
tive subjects.
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membrane levels of EPA and DHA. Whether the lack of rise
in the RBC membrane is due to poor compliance or a vari-
ation in metabolism, in either case, the key to efficacy of o3 is
getting it into the systemic system, that is, blood, as indicated
in the RBC fatty acid changes. Thus, including minimally
invasive objective metrics of o3 changes in the blood would
clearly demonstrate efficacy or nonefficacy of treatment and
eliminate many confounding variables of pill counts per
subject questionnaire by evaluating the outcome measures as
a function of in vivo o3 levels.

RBC fatty acid analysis not only demonstrates the sys-
temic increase in o3, but is also a stable measure of intake,
with low biological variability and measures long-term in-
take.32 Other objective methods include measuring o3 PU-
FAs in swabs of buccal cells,33 plasma phospholipid fatty
acid concentrations,33,34 and EPA + DHA proportions in
plasma cholesterol esters.30 Although, analyzing buccal cells
is less invasive than blood tests, the amount of total lipid on
the swabs was very small, and the measurement of o3 PU-
FAs was highly variable and unreliable.33 In another study,
plasma fatty acid and plasma phospholipid fatty acid pools
had a high biological variability and fluctuated with recent
meals.32

Given RBC membrane FA analysis is a stable measure
with low biological variability, it has been successfully in-
corporated as a compliance measure into several large-scale
randomized clinical trials such as studies on the effect of o3
PUFAs on bone formation and growth factors in adolescent
boys,17 on inflammation and oxidative and nutritional status
in patients with lung cancer,18 on gestational diabetes and
pre-eclampsia,19 on postpartum depression and neurodeve-
lopmental outcomes in children,20 on symptoms of attention-
deficit/hyperactivity disorder21 and atopy in infants.22

The small sample size and fewer men as compared to
women enrolled could be a limiting factor for the study.
Nonetheless, significant changes were seen in the active
group (increase in EPA and decrease in AA), and no cor-
responding changes were seen in the placebo group.
However, in long-term clinical trials, there is always a
possibility that subjects may start taking OTC o3 supple-
ments; this too will be detected by the blood tests. In ad-
dition, since the subjects will know that blood tests can
determine compliance, this will encourage them to follow
the study protocol. When subjects know that these tests can
detect pill consumption over a long term, it will encourage
them to strictly adhere to their regimen over the course of
the clinical trial.

RBC membrane fatty acid analysis reflects long-term o3
status and is unaffected by recent meals,32 similar to HbA1C
measures in diabetes. Any efficacious treatment of DED will
need long-term intervention, so it is necessary to have a
method to measure long-term compliance. Thus, a long-term
measure such as RBC membrane fatty acid analysis is well
suited for clinical trials of o3, which will be used for chronic
diseases such as dry eye.

Determining efficacy to a new treatment depends on ac-
curate measures of all aspects of a clinical trial, including
compliance with study medication. This feasibility study
showed that pill counts do not always accurately measure
compliance as defined by the blood levels of o3 fatty acids.
o3 intervention randomized clinical trials will benefit from
including minimally invasive, objective metrics of compli-
ance such as RBC membrane fatty acid analysis that reflect
the true long-term o3 status of subjects. Including a reliable
measure of compliance will enhance the ability to accurately
determine the efficacy of o3 supplementation.
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