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Purpose: Women with breast cancer were randomized to receive coenzyme Q10 (CoQ10) 

plus Vitamin E or placebo in a clinical trial. The objective of this evaluation is to examine the 

association between participant self-reported adherence to the study supplements and changes 

in plasma biomarker levels.

Patients and methods: Correlation coefficients quantified the association between changes 

in alpha-tocopherol and CoQ10 levels and the association between self-reported adherence and 

changes in biomarkers. Participants were categorized by self-reported adherence; Kruskal–

Wallis tests compared changes in alpha-tocopherol and CoQ10 levels between self-reported 

adherence groups.

Results: Women (N=155) provided baseline and post-treatment biomarkers; 147 completed 

at least one diary. While changes in alpha-tocopherol and CoQ10 levels were moderately cor-

related, correlations ranged from 0.40 to 0.48, association between self-reported adherence and 

plasma alpha-tocopherol or CoQ10 levels was weak; correlations ranged from 0.10 to 0.29 at 

weeks 8, 16, and 24. Some participants with high self-reported adherence actually had decreases 

in their biomarker levels.

Conclusion: These findings support that self-reported adherence is likely to be overestimated. 

Biological and other measures of adherence that can better identify true adherence to study pills 

provided in clinical trials are greatly needed as they may assist in improving the interpretation 

of findings of future clinical trials.

Keywords: adherence, self-report, blood biomarkers, clinical trial, CoQ10, alpha-tocopherol

Introduction
It is well known that participants in clinical trials do not always fully adhere to their 

assigned study arm. Participants randomized to the intervention may discontinue the 

intervention and participants in the control condition may begin following the inter-

vention, more typically if the intervention is readily available; for example, when a 

nutritional supplement can be purchased over-the-counter. There are a number of 

factors that influence participant adherence and while some are addressable, others are 

not.1 Unfortunately, trial results can be greatly affected by participant nonadherence, 

because lack of adherence can lead to an underestimation of the treatment effect, as 

well as a loss of statistical power.2

It has been estimated that 25%–50% of the participants enrolled in clinical trials are 

not fully adherent and a universal “gold standard” approach for monitoring adherence 

has yet to be identified.3 Current methods used to assess medication/pill adherence 

in clinical trials include diaries (participant self-report), pill counts, medication con-

tainer technology and, less frequently, biomarker measurements. Participant-reported 

adherence has been found to overestimate adherence and is subject to recall bias.4–7 
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Biomarkers of adherence are also limited as differential 

absorption of the contents of the study pill, interactions with 

other medications and supplements, and comorbidities all 

contribute to the low correlations in biomarker measures in 

assessing adherence.8,9

A randomized, double-blind, placebo-controlled study 

was conducted in female breast cancer patients with the pri-

mary objective of determining the effect of coenzyme Q10 

(CoQ10) supplementation on self-reported treatment-related 

fatigue.10 This clinical trial presented a unique opportunity 

to investigate adherence to 2 study arms, (intervention 

vs control groups), as both intervention and control par-

ticipants were provided study supplements also containing 

Vitamin E, and blood levels of alpha-tocopherol and CoQ10 

were assessed at baseline, 8, 16, and 24 weeks. The objective 

of this evaluation was to examine the association between 

participant self-reported adherence to the protocol-prescribed 

regimen for consuming the study pills and associated changes 

in plasma biomarker levels. 

Patients and methods
This secondary analysis was performed on data collected 

from the randomized double-blind, placebo-controlled study 

of oral CoQ10 to relieve self-reported treatment-related 

fatigue in newly diagnosed patients with breast cancer.10 

Two hundred and thirty-six women were enrolled through 

the Comprehensive Cancer Center of the Wake Forest 

University Research Base Community Clinical Oncology 

Practice (CCOP) sites and were randomized to receive daily 

oral supplements of Vitamin E (300 IU)±CoQ10 (300 mg). 

The intervention pill consisted of 100 IU of CoQ10+100 IU 

of Vitamin E and the control group pill contained 100 IU of 

Vitamin E. The participants were asked to consume 1 study 

pill 3 times a day. The main study and methods are fully 

described elsewhere. Briefly, women were eligible to par-

ticipate if they had a new, primary diagnosis of breast cancer 

and planned adjuvant chemotherapy.10 Exclusion criteria 

included unintentional weight loss in the past 3 months (.5% 

of body weight), taking statins, use of medications for fatigue, 

and being treated for diabetes or hypertension. Participants 

were stratified by type of chemotherapy (anthracycline vs 

no anthracycline) and whether or not they received radia-

tion as a part of their treatment. Institutional review board 

(IRB) approval was obtained by Alamance Regional Medi-

cal Center; East Carolina University; Wake Forest Baptist 

School of Medicine; Christiana Care Health Services CCOP; 

Louisiana State University–Shreveport MBCCOP; North-

ern Indiana Cancer Research Consortium CCOP; Ozarks 

Regional CCOP; Santa Rosa Memorial CCOP; Southeast 

Cancer Control Consortium and Western Regional CCOP, 

and all patients signed informed consent forms. For this 

secondary analysis, we included data from participants who 

completed at least 1 post-randomization adherence diary and 

had baseline and post-treatment blood draws.

The CoQ10 and Vitamin E supplements were manufac-

tured to look identical to avoid unmasking participants. The 

Vitamin E was included in the CoQ10 supplement to support 

absorption of CoQ10. Participants were also instructed to 

avoid taking any additional supplements during the course 

of the study. Participants were requested to complete a diary 

in which they recorded the number of pills taken daily (ie, 0, 

1, 2, or 3 pills). Diaries were returned to study staff during 

clinic visits.

Participant demographic and health 
characteristics
Participants self-reported their age and race/ethnicity. Body 

weight and height were measured using standardized method-

ology. Weight was measured to the nearest 0.1 kg and height 

was measured to the nearest 0.1 cm by trained staff in the 

clinics. Body mass index was calculated using the following 

formula: weight in kg/(height in m)2.

laboratory blood collection
All participants were asked if they would agree to a blood 

draw at study visits to allow investigators to measure blood 

levels of CoQ10 and Vitamin E. If the participant agreed, 

blood was drawn following an 8-h fast. 

coQ10 measurement
CoQ10 was analyzed utilizing methodology described by 

Kaikkonen et al.11 A total of 200 μL of the plasma sample 

(or standard in ethanol) was mixed with 1 mL of buffer and 

1 mL of ethanol and 200 μL of CuCl
2
 and allowed to oxidize at 

room temperature. At the end of this incubation, 50 μL of the 

internal standard (tocol) was added. The mixture was rapidly 

extracted with 4 mL of hexane, vortexed and centrifuged (at 

1,500× g for 10 min). The upper hexane layer was removed 

and transferred into a borosilicate glass culture tube. The 

ethanol/buffer layer was extracted again with 4 mL of hexane. 

The combined hexane layers were evaporated to dryness 

under stream of nitrogen. The dry residue was reconstituted 

with 200 μL of butylated hydroxytolene (BHT) ethanol.  

A total of 35 mL was injected onto the high-performance 

liquid chromatography (HPLC) system. The HPLC instru-

mentation included a C
18

 (4.6×250 mm) analytical column. 
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The mobile phase (I) consisted of acetonitrile/tetrahydrofuran/

methanol/1% ammonium acetate (660:220:68:28 by volume) 

and was pumped isocratically at a flow rate of 1.5 mL/min. 

The column eluent was monitored at 292 and 275 nm. 

Alpha-tocopherol measurement
Alpha-tocopherol was measured using a modification of 

the HPLC methodology.12 A total of 200 mL of the plasma 

sample (or standard in ethanol) was mixed with 50 μL of 

the internal standard (tocol) and 1 μL of BHT ethanol and 

vortexed for 30 s. Two milliliters of hexane were added, and 

the solution was vortexed and centrifuged (at 1,500× g for 

10 min). The upper hexane layer was removed and trans-

ferred into a borosilicate glass culture tube. The ethanol layer 

was extracted again with 2 μL of hexane. The combined 

hexane layers were evaporated to dryness under stream of 

nitrogen. The dry residue was reconstituted with 200 μL 

of BHT ethanol. A total of 35 mL was injected onto the 

HPLC system. The HPLC instrumentation included a C
18

 

(4.6×250 mm) analytical column. The mobile phase (I) con-

sisted of acetonitrile/tetrahydrofuran/methanol/1% ammo-

nium acetate (660:220:68:28 by volume) and was pumped 

isocratically at a flow rate of 1.5 mL/min. The column eluent 

was monitored at 292 nm. All steps were performed in sub-

dued amber lighting.

statistical methods
Adherence was calculated using 3 definitions, each pro-

gressively more conservative with respect to missing data: 

1) percent of ideal dose for returned diaries with missing days 

excluded; 2) percent of ideal dose for returned diaries with 

missing days counted as zeros; and 3) percent of ideal dose 

with missing days and missing diaries counted as zeros. For 

example, one participant returned only the first diary with 

1 day coded “2.” Twenty-one days should have been coded, 

but 20 were left blank. By the first definition, the participant 

was 100*2/3=66.7% adherent. By the second definition, the 

participant was 100*2/(21*3)=3.2% adherent. By the third 

definition, the participant was 100*2/(56*3)=1.2% adherent 

for the first 8 weeks and 100*2/(168*3)=0.4% adherent over 

the entire study period. 

CoQ10 and alpha-tocopherol levels were assessed at base-

line and 8, 16, and 24 weeks following randomization. Change 

in alpha-tocopherol from baseline in all women was used as 

one marker of “objective” adherence. The change in CoQ10 

from baseline (in the CoQ10 group only) was used as a second 

“objective” marker of adherence. Self-reported adherence 

was calculated for the first 8 weeks, the first 16 weeks, and 

for the entire 24-week study period. Since CoQ10 and alpha-

tocopherol have relatively short half-lives, we also calculated 

self-reported adherence for the 1 and 2 weeks prior to the 

study visits. Pearson and Spearman correlations were used to 

quantify the strength of the linear and monotonic associations 

between self-reported adherence and the change in CoQ10 

and alpha-tocopherol at 8, 16, and 24 weeks. Additionally, 

using the third and most conservative definition of adherence, 

participants were categorized into low (#60%), intermediate 

(60%–90%), and high (.90%) self-reported adherence after 

8, 16, and 24 weeks, and Kruskal–Wallis test was used to 

assess differences in the “objective” markers of adherence 

between these self-reported adherence groups. 

Results
Two hundred and thirty-six women were enrolled through the 

participating practice sites into the main trial. Of these, 155 

participants provided blood samples at baseline and at least 

1 post-treatment visit. Most (91%) of the 81 women who did 

not provide both baseline and post-treatment blood samples 

dropped out of the study early. Characteristics of the women 

who did and did not provide usable biomarker data are shown 

in Table 1 and are similar for the 2 groups. The 155 women 

in this analysis had a median age of 52 years with a range 

between 28 and 72. Most were white (87%), 10% were black, 

and 3% were Hispanic. Most women (90%) had an Eastern 

Cooperative Oncology Group performance status of 0%, and 

66% were overweight or obese; 83% received anthracycline 

chemotherapy and 62% received radiation therapy.

Pill-adherence diary
One hundred forty-seven of the 155 women (95%) returned 

at least 1 day of diary information. Of those who returned 

diaries, the mean number of completed diary days was 143 

and ranged from 1 to 168 (Table 2). Adherence distributions 

are shown in Figure 1. Mean (SD) self-reported adherence 

for the first 8 weeks was 91.9% (10.0), 85.8% (17.2), and 

80.6% (26.5) using definitions 1, 2, and 3, respectively. 

These estimates were 91.3% (10.3), 83.6% (17.5), and 74.2% 

(30.1) over the entire 24-week study period. All 3 estimates 

of adherence get progressively lower over time, but the drop 

is greatest using the third definition (most stringent) as more 

women dropped out of the study over time. 

Biomarker assessments
In women with pre- and post-blood measures, mean (SD) 

alpha-tocopherol levels increased from 14.1 μg/mL (8.8) at 

baseline to 24.1 μg/mL (15.3) at 8 weeks. Mean levels were 
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24.8 μg/mL (15.4) and 22.6 μg/mL (13.6) at 16 and 24 weeks, 

respectively. Distributions for the change in alpha-tocopherol 

from baseline to 8, 16, and 24 weeks are shown in Figure 2. 

While mean levels of alpha-tocopherol increased by ~75%, 

not all women had increased levels. Of the 152 women with 

baseline and 8-week alpha-tocopherol measures, 20 (13%) 

actually had a decrease in their alpha-tocopherol levels. 

In women randomized to the intervention arm who had 

both pre- and post-assessments, mean (SD) CoQ10 levels 

increased from 0.71 μg/mL (0.39) at baseline to 2.25 μg/mL 

Table 1 Baseline participant characteristics

Characteristics Biomarker 
dataa

No post-treatment 
biomarker data

p-value

Number (%) Number (%)

Total 155 (100) 81 (100)
Age–median (range) 52.0 (28–72) 50.7 (33–85) 0.529
BMib

Underweight-normal (,25)
Overweight (25–30)
Obese (30+)

52 (34)
46 (30)
56 (36)

21 (26)
25 (31)
35 (43)

0.425

race/ethnicity
hispanic
Black
White

4 (3)
16 (10)
135 (87)

0 (0)
10 (12)
71 (88)

0.401

Performance status
0
1
2

139 (90)
15 (10)
1 (1)

76 (94)
5 (6)
0 (0)

0.498

strata
Anthracycline+rT
Anthracycline and no rT
nonanthracycline+rT
nonanthracycline and no rT

79 (51)
50 (32)
17 (11)
9 (6)

41 (51)
28 (35)
8 (10)
4 (5)

0.974

Alpha-tocopherol (n)
μg/ml Mean (sD)

154
14.1 (8.8)

34c

12.6 (7.5) 0.348
coQ10 (n)

μg/ml Mean (sD)
147
0.73 (0.33)

26c

0.66 (0.26) 0.271
Drop out early 23 (15) 74 (91) ,0.001

Note: aBaseline and post-treatment alpha-tocopherol and/or coQ10 data; bone value missing; cno post-treatment biomarker data.
Abbreviations: BMi, body mass index; coQ10, coenzyme Q10; rT, radiation therapy.

Table 2 Self-reported adherence of participants providing biomarker data using 3 different definitions of adherencea

Outcomes Mean (SD) Median (range)

Number of diary days returned 
excluding missing days
including missing days for returned diaries as zeros

142.7 (41.1)
152.6 (35.8)

149 (1–168)
168 (7–168)

Adherence (first 8 weeks)
1) excluding missing days
2) including missing days for returned diaries as zeros
3) As (2) but also including missing diaries as zeros

91.9 (10.0)
85.8 (17.2)
80.6 (26.5)

95.8 (43–100)
92.3 (19–100)
91.7 (0–100)

Adherence (first 16 weeks)
1) excluding missing days
2) including missing days for returned diaries as zeros
3) As (2) but also including missing diaries as zeros

91.5 (10.2)
84.3 (17.9)
77.3 (28.8)

94.9 (40–100)
90.5 (19–100)
89.9 (0–100)

Adherence (first 24 weeks)
1) excluding missing days
2) including missing days for returned diaries as zeros
3) As (2) but also including missing diaries as zeros

91.3 (10.3)
83.6 (17.5)
74.2 (30.1)

94.8 (48–100)
89.7 (19–100)
87.5 (0–100)

Notes: a147/155 participants with biomarker data (95%) returned at least 1 diary. Overall, 209/236 participants (89%) returned at least 1 diary.
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(1.15) at 8 weeks. Mean levels were 2.43 μg/mL (1.42) and 

1.84 μg/mL (1.09) at 16 and 24 weeks, respectively. Distri-

butions for the change in CoQ10 from baseline to 8, 16, and 

24 weeks are shown in Figure 2. Most of the women in the 

intervention arm had increased levels of CoQ10 by 8 weeks. 

Of the 76 women with baseline and 8-week CoQ10 levels, 

only 2 (3%) had a decrease in CoQ10 level while 83% had 

increases of 0.5 μg/mL or greater. Only 3% of the women 

in the control (Vitamin E) arm had increases in CoQ10 of 

0.5 μg/mL or greater.

Scatterplots of the change in CoQ10 by the change 

in alpha-tocopherol for the intervention participants at 8, 

16, and 24 weeks are shown in Figure 3. In general, there 

is a moderate positive relationship between changes in 

the 2 biomarkers (correlations between 0.40 and 0.48, all 

p-values ,0.001). Of note, there were several women in 

the intervention arm who had increased levels of alpha-

tocopherol without corresponding increases in CoQ10 and 

several women who had increased CoQ10 levels without an 

increase in alpha-tocopherol. 
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Figure 1 Self-reported adherence at 8, 12, and 24 weeks for each adherence definition. 
Notes: Definition 1: excludes missing days; Definition 2: includes missing days in returned diaries as zeros; Definition 3: same as Definition 2 but also includes missing diaries 
as zeros.
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Figure 2 change in baseline in levels of coQ10 and Alpha-Tochopherol at 8, 16, and 24 weeks.

Figure 3 change in coQ10 versus change in Alpha-Tochopherol at 8, 16 and 24 weeks in the coQ10 intervention arm.
Abbreviation: coQ10, coenzyme Q10.
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Association between self-reported and 
biomarker adherence
Pearson and Spearman correlations are provided in Table 3A. 

These correlations are very similar, so we focus on the 

Pearson correlations. In general, there was a modest posi-

tive association between the measures of adherence and the 

changes in biomarker levels. The correlations are strongest 

over the first 8 weeks. The association between self-reported 

adherence and biomarker changes becomes much weaker 

over 16 and 24 weeks. Over 8 weeks, the correlation between 

self-reported adherence and the change in alpha-tocopherol 

ranges from 0.21 to 0.28, while the correlation between 

self-reported adherence and the change in CoQ10 ranges 

from 0.26 to 0.40 (all p-values ,0.05). The corresponding 

correlations were moderate to weak over longer time periods. 

Pearson correlations between biomarker changes and self-

reported adherence for the 1- and 2-week period prior to a 

study visit are shown in Table 3B. The correlations tend to be 

slightly lower when using the 1-week period before the study 

visit and slightly higher when using the 2-week period prior 

to the study visit. However, correlations using the 2-week 

period are not consistently higher than those using the entire 

period and the increases are marginal at best.

Participants were categorized into low (#60%), interme-

diate (60%–90%), and high (.90%) adherence based on the 

third definition adherence. Mean (SD) levels of the biomarker 

changes are presented in Table 4 by adherence level at 8, 16, 

and 24 weeks. Changes in both biomarkers were greater for 

Table 3A correlation between biomarker changes and self-reported adherence

Biomarker Period Self-reported adherence, n, correlation (p-value)

Definition 1a Definition 2a Definition 3a

Pearson correlation coefficients
∆ in First 8 weeks 145, 0.208 (0.012) 145, 0.219 (0.008) 152, 0.282 (,0.001)
alpha-tocopherol First 16 weeks 127, 0.058 (0.519) 127, 0.113 (0.207) 132, 0.186 (0.032)

First 24 weeks 124, 0.102 (0.261) 124, 0.151 (0.094) 129, 0.196 (0.026)
∆ in First 8 weeks 72, 0.256 (0.030) 72, 0.319 (0.006) 76, 0.402 (,0.001)
coQ10b First 16 weeks 65, 0.136 (0.281) 65, 0.153 (0.223) 68, 0.287 (0.018)

First 24 weeks 70, 0.095 (0.435) 70, 0.168 (0.164) 72, 0.243 (0.040)
Spearman correlation coefficients
∆ in First 8 weeks 145, 0.214 (0.010) 145, 0.263 (0.001) 152, 0.327 (,0.001)
alpha-tocopherol First 16 weeks 127, 0.070 (0.431) 127, 0.105 (0.240) 132, 0.146 (0.095)

First 24 weeks 124, 0.094 (0.298) 124, 0.0767 (0.394) 129, 0.112 (0.207)
∆ in First 8 weeks 72, 0.181 (0.129) 72, 0.288 (0.014) 76, 0.358 (0.002)
coQ10b First 16 weeks 65, 0.084 (0.506) 65, 0.034 (0.788) 68, 0.133 (0.281)

First 24 weeks 70, 0.045 (0.714) 70, 0.138 (0.254) 72, 0.208 (0.079)

Notes: aDefinition 1 – excludes missing days. Definition 2 – includes missing days for returned diaries as zeros. Definition 3 is same as definition 2 but also includes missing 
diaries as zeros. bcoQ10 intervention group participants only.
Abbreviation: coQ10, coenzyme Q10.

Table 3B correlation between biomarker changes and self-reported adherence 1 and 2 weeks prior to blood draw

Biomarker Period Self-reported adherence, n, Pearson correlation (p-value)

Definition 1a Definition 2a Definition 3a

One week
∆ in First 8 weeks 138, 0.158 (0.064) 139, 0.089 (0.300) 152, 0.261 (0.001)
alpha-tocopherol First 16 weeks 118, 0.040 (0.667) 119, 0.115 (0.214) 132, 0.211 (0.015)

First 24 weeks 91, 0.083 (0.434) 95, 0.138 (0.183) 129, 0.144 (0.104)
∆ in First 8 weeks 69, 0.201 (0.098) 69, 0.243 (0.044) 76, 0.425 (,0.001)
coQ10b First 16 weeks 62, 0.134 (0.299) 62, 0.003 (0.979) 68, 0.263 (0.031)

First 24 weeks 49, 0.043 (0.770) 53, 0.236 (0.088) 72, 0.390 (0.001)
Two weeks
∆ in First 8 weeks 138, 0.194 (0.022) 139, 0.138 (0.105) 152, 0.296 (,0.001)
alpha-tocopherol First 16 weeks 120, 0.005 (0.959) 122, 0.123 (0.176) 132, 0.201 (0.021)

First 24 weeks 101, 0.097 (0.334) 101, 0.143 (0.153) 129, 0.154 (0.082)
∆ in First 8 weeks 69, 0.243 (0.044) 69, 0.241 (0.046) 76, 0.412 (,0.001)
coQ10b First 16 weeks 63, 0.178 (0.163) 63, 0.060 (0.639) 68, 0.276 (0.023)

First 24 weeks 55, 0.088 (0.525) 55, 0.237 (0.082) 72, 0.463 (,0.001)

Notes: aDefinition 1 – excludes missing days. Definition 2 – includes missing days for returned diaries as zeros. Definition 3 is same as definition 2 but also includes missing 
diaries as zeros. bcoQ10 intervention group participants only.
Abbreviation: coQ10, coenzyme Q10.
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women who reported greater adherence (Figure 4). However, 

not all women with high self-reported adherence experienced 

increases in alpha-tocopherol or CoQ10. 

Discussion
In this secondary data analysis, we found a modest positive 

association between self-reported adherence (pills taken) 

and biomarkers (change in alpha-tocopherol and CoQ10 

levels). The association became weaker over the course of 

the study period illustrating the need for continual monitoring 

and ongoing participant encouragement to enhance inges-

tion of the study pills. There were more participants with 

high self-reported adherence and zero to little increase in 

biomarker levels than there were participants with low self-

reported adherence and large increases in biomarker levels. 

This supports previous reports that participants overestimate 

adherence to study-related regimens.4,6,7

CoQ10 levels normally range between 0.64 and 

1.06 μg/mL in plasma and the elimination half-life of CoQ10 

is ~33 h.13,14 The reference range for alpha-tocopherol in adults 

is between 5.5 and 17 μg/mL in plasma and the elimination 

half-life of alpha-tocopherol has been reported to be ~44 h.15,16 

We recognized that the CoQ10 and the Vitamin E supple-

ments would not be perfectly reflected in the participants’ 

plasma as most circulating fatty acids are not exclusively 

from dietary sources and that circulating fatty acids reflect 

complex fatty acid metabolism and de novo lipogenesis.17,18 

Even so, we provided doses of CoQ10 and Vitamin E to allow 

for plasma changes to be large enough to generally identify 

those who took the pills compared with those who did not.

Interestingly, we found that most of the participants who 

did not provide baseline blood samples dropped out of the 

main trial early; willingness to have a blood draw turned out 

to be a good predictor of participants who remained in the 

trial. In addition, participants who did not have their blood 

drawn also provided very little adherence diary data. 

This paper demonstrates that the way in which missing 

data are analyzed can make a dramatic difference in the 

actual estimate of adherence. Considering missing data as 

“no pills taken” for those diaries that were returned is prob-

ably a fair, if somewhat conservative, approach. Treating 

all missing diaries as 0% adherence is probably too con-

servative as there were some women who failed to return 

diaries but exhibited increases in the alpha-tocopherol and/

or CoQ10 levels.

Limitations
For this investigation, we took advantage of data collected 

in a previously conducted clinical trial. Measuring adher-

ence to the study treatments was not the primary outcome 

of that trial and blood and diaries were not collected from 

all participants; therefore, these results should be interpreted 

with these limitations in mind. This secondary analysis was 

conducted using data collected in a very specific population 

of women who may not have been as motivated to take 

the study supplements. These participants may have been 

more motivated to adhere had the study pills been known to 

affect mortality and morbidity, not just fatigue. This limits 

the generalizability of our findings. Selecting an appropriate 

and robust measure of adherence is a key aspect of research 

and for the main study, the self-report diary was selected 

prior to the conduct of the study as the primary assessment 

of adherence. The study team recognized the advantages 

of using self-report diaries in that they are completed daily 

thereby requiring a limited amount of recall, are inexpensive, 

simple to administer, and have been found to have higher 

Table 4 change in alpha-tocopherol and coQ10 levels by self-reported adherence

Outcome Self-reported adherencea, mean change (SD) p-value

Low
(#60%)

Intermediate
(60%–90%)

High
(90%–100%)

First 8 weeks (n) 21 51 80
change in alpha-tocopherol 2.42 (10.9) 7.62 (7.46) 13.5 (14.4) ,0.001
First 16 weeks (n) 19 42 71
change in alpha-tocopherol 5.60 (8.99) 10.4 (9.77) 11.5 (15.4) 0.179
First 24 weeks (n) 17 43 69
change in alpha-tocopherol 1.90 (8.27) 8.12 (7.62) 9.03 (14.0) 0.033

First 8 weeks 10 28 38
change in coQ10b 0.40 (0.42) 1.68 (1.15) 1.73 (0.87) ,0.001
First 16 weeks 9 21 38
change in coQ10b 0.53 (0.69) 2.03 (1.33) 1.79 (1.39) 0.005
First 24 weeks 8 27 37
change in coQ10b 0.27 (0.26) 1.22 (1.15) 1.22 (1.21) 0.023

Notes: aDefinition 3 – includes missing days for returned diaries as zeros and missing diaries as zeros. bcoQ10 intervention group participants only.
Abbreviation: coQ10, coenzyme Q10.
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Figure 4 change in Alpha-Tocopherol and coQ10 versus self-reported adherence.
Abbreviation: coQ10, coenzyme Q10.

agreement with clinical measures than interviews.19 However, 

this analysis shows that participants over-estimated their 

adherence using the self-report diary, which may reduce 

enthusiasm for their use in future studies and should be 

considered a limitation in this study. The blood samples were 

taken following an 8-h fast, however, participants were not 

queried about when they last consumed their study pills. This 

limits our ability to correlate levels to the consumption of 

the study pills. Finally, it may be difficult to extrapolate the 

biomarker results of this trial due to a variety of individual 

variations, including the use of medications, alcohol con-

sumption, and tobacco use and is a limitation of this study.20
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Conclusion
Overall, the findings reported here support that self-reported 

adherence is likely to be overestimated. In addition, we 

showed that how adherence is defined makes a difference in 

the assessment of adherence. It is clear that stable and reliable 

biological and other objective measures of adherence that can 

better identify true adherence to study pills provided in clinical 

trials are greatly needed. Unfortunately, all current methods of 

assessing adherence have problems that make them ,100% 

reliable. New digital technologies for better pill-tracking 

adherence are on the horizon and include pill bottles with 

companion mobile phone applications. Recently, a device 

was developed that tracks pills using sensor-embedded labels. 

Advances in technology and the ongoing work to identify 

ways to account for error in self-report, and identify reliable 

biomarker assays to assess adherence have the potential to 

greatly assist in improving the interpretation of findings of 

future clinical trials and should be vigorously pursued. 
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