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Abstract

Nonadherence to antidepressants is widespread and poses a significant barrier to optimal management and treatment of
depression in community settings. The objective of this study was to compare self-reported and electronic monitoring of
adherence to antidepressants and to examine the relationship of these measures with depressive symptoms in a medically
underserved community. Adherence to antidepressants was measured in 38 primary care patients from the West Philadelphia
area using self-report and electronic monitoring (Medication Event Monitoring System caps). Self-report and electronic
monitoring of antidepressant adherence showed fair agreement at baseline, slight agreement at 6 weeks, and slight agree-
ment at 12 weeks. Adherence to antidepressants as assessed by electronic monitors was significantly associated with depres-
sion remission at 12 weeks [adjusted odds ratio 18.6, 95% confidence interval (1.05, 330.56)]. Compared with electronic
monitoring, self-reported adherence tended to overestimate medication adherence to antidepressants. Adherence assessed

by electronic monitoring was associated with depression remission.
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Introduction

Despite evidence supporting the effectiveness of pharma-
cotherapy in reducing depressive symptoms nonadherence
to antidepressant medications is widespread. Research indi-
cates that nearly half of patients taking antidepressants do
not meet adherence thresholds for optimal clinical benefits
(Olfson et al. 2006; Sansone and Sansone 2012). Nonadher-
ence to antidepressant medications poses a significant bar-
rier to optimal management and treatment for depression in
community settings, especially among patients with comor-
bid chronic diseases such as diabetes (Bauer et al. 2014;
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Cipriani et al. 2018). Social determinants of health have also
been identified as critical indicators of self-care and mental
health outcomes in community and other settings (Alegria
et al. 2018). Persons that lack basic goods necessary to pro-
mote health and treat disease (e.g. medications, housing,
and transportation) are at increased risk for noncompliance
and adverse health outcomes (Kahn et al. 2000; Yoshikawa
et al. 2012). Structural and functional social support as well
as psychological indicators (e.g. self-efficacy and empow-
erment) are critical predictors of patient engagement and
compliance with medical regimens including depression
and diabetes care (Kleinberg et al. 2013; Salazar-Fraile et al.
2018; Voils et al. 2005).

Reliable measures of adherence are essential for improv-
ing depression outcomes as they provide the foundation
for care management, research and other applications. In
order to achieve clinical treatment goals, accurate adher-
ence assessment allows for prescribing decisions that most
effectively promote patient health. Furthermore, research
relies on adherence data to examine drug effectiveness for
clinical outcomes. Self-reported adherence assessment is the
most commonly used approach because of low cost and easy
implementation in a variety of settings (Garfield et al. 2011).
However, the validity of self-reports has been found to be
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poor as bias, namely social desirability and recall, result
in overestimates of adherence (Garber et al. 2004; Nguyen
et al. 2014). Electronic monitoring of adherence records the
exact date and time the bottle is opened and allows research-
ers to document patterns of adherence. This approach has
been found to provide the most valid and reliable adherence
data when compared to other adherence measures (Osterberg
2005).

We sought to compare self-reported adherence and elec-
tronic monitoring of adherence with antidepressants in
a sample of patients with depression and diabetes as well
as financial, social and emotional needs residing in West
Philadelphia, a designated medically underserved commu-
nity. Previous investigations have primarily compared self-
reported adherence and electronic monitoring of adherence
to antidepressants in samples of persons with Major Depres-
sive Disorder in which recruitment was limited to mental
health specialty settings (e.g. mental health clinic or psy-
chiatry department) (Bosman et al. 2014; Interian 2010; Lee
et al. 2010; Nakonezny et al. 2010). Our goal was to provide
critical inferences for enhanced care provision for disadvan-
taged populations. No known studies have been conducted
specifically within designated medically underserved com-
munities. Furthermore, few studies have evaluated the rela-
tionship between various adherence measures and depres-
sion outcomes (Bosman et al. 2014; Interian 2010). This
study examined the measurement of adherence using both
self-reported adherence and electronic monitoring of adher-
ence in relation to depression outcomes among patients with
diabetes as well as financial, social, and emotional needs and
arange of depressive symptoms, recruited from primary care
practices in West Philadelphia. West Philadelphia has been
designated as a Health Resources and Service Administra-
tion (HRSA) Medically Underserved Area and is a HRSA-
designated Low Income Primary Care Health Professions
Shortage Area. The residents of West Philadelphia expe-
rience higher rates of chronic disease than adults in other
geographic areas and have drawn national attention for their
increased need for enhanced care provision.

The objective of our study was to compare self-reported
adherence and electronic monitoring of adherence to anti-
depressants over 12 weeks and to examine the relation-
ship of these two measures with depressive symptoms in
a medically underserved community. To accomplish these
goals, we employed data from the randomized trial of an
integrated intervention for Type 2 diabetes mellitus (T2DM)
and depression that addressed patients’ financial, social, and
emotional needs versus an integrated intervention alone. We
hypothesized that: (1) self-reported adherence would over-
estimate adherence compared with electronic monitoring of
adherence for antidepressants and (2) patients with > 80%
adherence to an antidepressant medication measured using
electronic monitoring would be more likely to achieve
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remission of their depression (9-item Patient Health Ques-
tionnaire < 5) at 12 weeks compared with patients who did
not achieve > 80% adherence at 12 weeks.

The study protocol was approved by the University of
Pennsylvania, Perelman School of Medicine Institutional
Review Board.

Methods
Recruitment Procedures

Recruitment for this study was conducted in three primary
care practices in West Philadelphia, Pennsylvania between
2013 and 2015. Electronic medical records were used to
ascertain patients with a diagnosis of type 2 diabetes mel-
litus (T2DM) and a prescription for an oral hypoglycemic
agent within the last year. From the identified patients, per-
sons with an upcoming appointment were approached for
inclusion/exclusion criteria screening. To be included in the
study participants needed to be 30 years and older and have
a diagnosis of T2DM. Research studies exclude a majority
of potential participants limiting widespread inference in
real world contexts. Our aim was to include patients with
a range of depressive symptoms consistent with the relaps-
ing and remitting progression of depression in community
settings (Angst 1988). Exclusion criteria were: inability to
provide informed consent; significant cognitive impairments
at baseline (Mini-Mental State Examination [MMSE] (Crum
et al. 1993) < 21); patients who resided in a care facility that
administered medications on a set schedule; and patients
who were unwilling or unable to use the Medication Event
Monitoring System (MEMS). Additional study details are
provided in prior work (de Vries McClintock et al. 2016).

Measurement Strategy

We obtained sample characteristics from patients using
standard questions on patients’ baseline age, self-reported
ethnicity, gender, marital status, and education. The medical
Outcomes Study Short Form (SF-36) was utilized to measure
patient’s functional status (Stewart et al. 1988). Medication
bottles were used to record the names, doses, and frequen-
cies of medications prescribed. Patients were asked if they
were given oral instructions to change the dose or frequency
of the medications they were taking and the patient’s self-
report was recorded. Medical comorbidity was assessed via
self-report at baseline. Cognitive status was evaluated using
a mental status examination by the total score on the MMSE
at baseline. The MMSE has been extensively employed for
clinical and research purposes (McHorney 1996; Stadnyk
et al. 1998; Stewart 1992; Stewart et al. 1988, 1989; Wells
et al. 1989). Financial, social and emotional needs were
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assessed by asking patients about needs that they “really
wanted help with” or “were really important to them.” The
unmet needs assessed were not having enough money to
cover expenses, pain, worry about safety, ability to exercise,
feeling depressed or anxious, trouble getting transportation,
alcohol, street drugs or taking more medication than pre-
scribed, memory or solving problems, law/legal concerns,
reading a newspaper or computer screen, eating a diabetic
diet, taking blood sugar and knowing what to do with the
results, feeling alone, concern about children, guidance on
medication usage, relationships with family/others, having
no one to help, needing a new place to live, physical illness,
unable to lose weight, thoughts of death or suicide, difficulty
getting medications, difficulty with dressing or bathing and
not having enough time to take care of myself. Participants
were considered to have an unmet financial, social, or emo-
tional need if they assessed the unmet need as something
that they “really needed help with” or indicated “was very
important to them.”

Adherence

Adherence to antidepressants was measured using both self-
reports and electronic monitoring during a 2-week run in
phase as well as at 6 and 12 weeks. The Brief Medication
Questionnaire 5-item Regimen Screen was used to measure
self-reported adherence. Consistent with prior work, those
who took at least 80% of their medication were considered
adherent (George et al. 2000). MEMS was used for elec-
tronic monitoring of adherence as they record the precise
date and time of container opening. MEMS adherence was
measured by comparing the proportion of vial openings
in relation to the prescribed doses for the past week. Self-
reported adherence was assessed at the end of the 2-week
follow-up, 6, and 12 weeks by asking patients about adher-
ence in the prior week in order to minimize recall bias and
elicit more accurate responses, similar to previous research
(Hashmi et al. 2007; Heckman et al. 2004; Odegard and
Gray 2008; Rickles and Svarstad 2007). To avoid potential
bias, patients were blinded to which week of participation
was being employed for analysis.

Depression

The 9-item Patient Health Questionnaire (PHQ-9) was
employed to measure depressive symptoms at baseline and
12 weeks. The PHQ-9 was created as a self-administered
version of the PRIME-MD diagnostic instrument for mental
disorders. The PHQ-9 has been found to be a reliable tool
for screening and monitoring of depression in primary care
settings (Kroenke et al. 2001). It scores the 9 DSM-V criteria
for depression on a scale of “0” (not at all) to “3” (nearly
every day).

Analytic Strategy

Adherence was measured by dividing the number of doses
taken by the number of doses prescribed over the past week.
That quotient was then multiplied by 100 to obtain an adher-
ence percentage. The proportion of prescribed doses taken
was highly skewed and did not meet normality assumptions,
and thus adherence was dichotomized at a threshold of 80%.
The 80% threshold was used because it is both conservative
in measuring nonadherence and it is consistent with prior
investigations on mental health (Lee et al. 2010; Thompson
et al. 2000).

Our analysis was conducted in two phases. During phase
one, a kappa coefficient was used to determine the level of
agreement between self-reported adherence and electronic
monitoring at the dichotomized threshold of 80%. The kappa
coefficient was employed because it provides the chance
corrected agreement between the self-report and electronic
monitoring adherence methods. During the second phase,
our goal was to study the relationship of > 80% medication
adherence, using both methods, in relation to depression
remission (PHQ-9 score of <5 at follow-up (Kroenke et al.
2001). Logistic regression was used to assess the relation-
ship between depression remission and adherence to anti-
depressants. Both the odds ratios and the 95% confidence
intervals were reported. In order to account for potentially
influential variables, the final multivariate logistic regression
model was adjusted for age, ethnicity, gender, marital sta-
tus, educational attainment, functional status, frequency of
medication administration, number of medications, number
of medical conditions, cognitive status, intervention condi-
tion, and baseline depressive symptoms. STATA version 14
(College Station, Texas, USA) was used for the analyses.

Results
Sample Characteristics

Baseline characteristics for the study sample are shown
in Table 1. A total of 38 participants were included in the
study with a mean age of 62.61 years (standard deviation,
s.d.=10.88). A majority of the participants were women
(81.58%). Participants were primarily identified as African
American (68.42%) and other reported ethnicities included
White (23.68%), and Hispanic (7.90%). The mean number
of medications taken was 10.55 (s.d.=3.85). In total, 36
participants took their antidepressant once per day (94.74%)
and 2 participants took it twice per day (5.26%). The mean
9-item Patient Health Questionnaire (PHQ-9) score was 7.61
(s.d.=5.02). Half of the participants were allocated to the
intervention group (50%). Participants indicated that they had
one unmet financial, social, and emotional need (10.53%),
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Table 1 Patient characteristics at baseline (n=38)

Sociodemographic characteristics

Age, mean in years (s.d.)

62.61 (10.88)

African American, n (%) 26 (68.42%)
White, n (%) 9 (23.68%)
Hispanic, n (%) 3 (7.90%)
Gender, women n (%) 31 (81.58%)
Less than HS education, n (%) 5(13.16%)
Married, n (%) 12 (31.58%)
Lives alone, n (%) 17 (44.74%)
Medications

Number of medications, mean (s.d.) 10.55 (3.85)

Frequency of antidepressant per day, mean (s.d.) 1.05 (0.23)
Health status

Medical conditions, mean (s.d.) 5.89 (1.77)
Functional status (SF-36)

Physical function score, mean (s.d.) 55.07 (30.25)

Social function score, mean (s.d.)
Role physical score, mean (s.d.)

Role emotional score, mean (s.d.)

71.58 (35.83)
64.47 (42.17)
78. 95 (36.70)

Bodily pain score, mean (s.d.) 43.68 (29.72)
Cognitive status

MMSE, mean (s.d.) 27.74 (3.04)
Randomization assignment

Intervention, n (%) 19 (50.00%)
Baseline depression

PHQ-9, mean (s.d.) 7.61 (5.02)

s.d. standard deviation, HS high school, MMSE Mini-Mental State
Examination, PHQ-9 9-item Patient Health Questionnaire, SF-36
Medical Outcomes Study Short Form

2-3 unmet needs (21.05%), 4-5 unmet needs (15.79%), or
6 or more unmet needs (52.63%) that they “really wanted
helped with” or “were very important to them.”

Adherence
Table 2 depicts the kappa coefficient results for the pro-

portion of participants who were > 80% adherent to their
antidepressant medications. At baseline, > 80% adherence

Table 2 Self-reported antidepressant adherence and electronic moni-
toring cross-method agreement of over time (n=38)

Electronic moni-
toring adherence

Self-reported
adherence

Kappa coef-
ficient

Baseline 20 (52.6%) 34 (89.5%) 0.231 0.012
6 weeks 18 (47.4%) 33 (86.8%) 0.139  0.094
12 weeks 18 (47.4%) 35(92.1%) 0.170  0.032

Operationalized definition of adherence is >80% adherence

n number of participants who adhered to their medication by method
of adherence

rates for antidepressants measured by electronic monitor-
ing and self-report were 52.6% (n=20) and 89.5% (n=34),
respectively. The > 80% adherence rates at 6 weeks were
47.4% (n=18) for electronic monitoring adherence and
86.8% (n=33) for self-reported adherence. At 12 weeks,
> 80% adherence rates for electronic monitoring adher-
ence and self-reported adherence were 47.4% (n=18)
and 92.1% (n=35), respectively. At baseline, electronic
monitoring and self-reported adherence showed fair agree-
ment (kappa=0.231, P<0.05). At 6 weeks and 12 weeks,
electronic monitoring and self-reported adherence showed
slight agreement (kappa=0.139, P=0.094; kappa=0.170,
P <0.05, respectively).

Clinical Outcome

The relationship between >80% adherence for antidepres-
sants, measured via self-reported and electronic monitor-
ing adherence, and depression at 12 weeks can be found
in Table 3. Participants who achieved > 80% adherence to
antidepressant medications measured with electronic moni-
toring were more likely to achieve remission of depression in
comparison with patients who did not achieve > 80% adher-
ence at 12 weeks [PHQ-9 <5, unadjusted OR 5.25, 95% CI
(1.26, 21.86)]. This relationship remained significant after
adjusting for age, ethnicity, gender, marital status, educa-
tional attainment, functional status, lives alone, frequency of
antidepressant administration, cognitive status, intervention

Table 3 Self-reported and electronic monitoring adherence for antidepressants and depression remission at 12 weeks (n=38)

Self-reported adherence

Electronic monitoring adherence

Unadjusted OR [95% CI]

Adjusted OR* [95% CI]

Unadjusted OR [95% CI] Adjusted OR* [95% CI]

Depression

Achieved remission  0.42 [0.04, 4.48]

(PHQ-9<5)

0.81[0.02, 42.13]

5.25[1.26,21.86] 18.61 [1.05, 330.56]

Adherence was defined operationally as > 80% adherence

OR odds ratio, CI confidence interval, PHQ-9 9-item Patient Health Questionnaire

*Adjusted for age, ethnicity, gender, marital status, educational attainment, functional status, frequency of antidepressant administration, number
of medications, number of medical conditions, cognitive status, intervention condition, and baseline depression
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condition, and baseline depression [PHQ-9 < 5, adjusted OR
18.61, 95% CI (1.05, 330.56)].

Discussion

Our principal finding is that among patients with diabetes,
depression as well as unmet financial, social, and emotional
needs, self-reported adherence in comparison with electronic
monitoring overestimates antidepressant adherence in a
medically underserved community. In addition, the patients
who were adherent to antidepressants, assessed using elec-
tronic monitoring, were more likely to have remitted depres-
sion at the final study visit. The findings provide insight
into measurement of antidepressant adherence informing
research initiatives and clinical care provision in under-
served communities.

Prior to discussing our findings, potential limitations are
important to address. First, our sample was recruited from
three primary care practices in which patient characteristics
may differ from other community settings. However, these
practices serve diverse patient populations and are probably
similar to other primary care practices in the geographic
area. Second, healthy adherer bias in which patients who
achieved depression remission may have engaged in addi-
tional health promoting behaviors may have influenced
these findings. We did not collect data on additional lifestyle
behaviors such as smoking. Third, our standard for com-
parison was electronic monitoring using MEMS Caps which
have the potential to overestimate adherence because events
are recorded by bottle top removal which does not guarantee
medication ingestion. However, electronic monitoring has a
low failure rate and may be more sensitive than other adher-
ence measures (Farmer 1999; George et al. 2000). Fourth,
the 80% threshold for medication adherence has been exam-
ined for some medications and not others. However, in this
study the 80% threshold has been assessed for the majority
of the medications taken (Choudhry et al. 2009; George et al.
2000; Lee et al. 2010). Fifth, the Hawthorne effect, in which
patients more likely to adhere to their medical regimens
because they are participating in a study, may influence
adherence (Campbell et al. 1995). However, nonadherence
is still common when patients are followed in study settings
(Croghan et al. 1997; Melfi et al. 1998; Tedlow et al. 1996).
Sixth, the small sample size of this study limits the general-
izability of findings beyond the sample that was drawn. It is
notable that significant associations were found despite the
small sample size and further research is needed to validate
these findings in larger samples. Despite these limitations
our results deserve attention because this is the first known
study to compare self-reported and electronic monitoring of
adherence for antidepressants in a sample of patients with
unmet financial, social, and emotional needs in a community

setting. An evaluation of antidepressant adherence among
persons with economic and socio-cultural barriers is criti-
cal for the management and treatment of depression in this
population.

We found that patients consistently overestimated self-
reported antidepressant adherence in comparison with elec-
tronic monitoring. Our findings are aligned with prior stud-
ies reporting that self-report measures of antidepressants
indicate higher adherence rates than electronic measures
(Garber et al. 2004; Nguyen et al. 2014). Past literature has
attributed overestimation of medication to many reasons
including patient-provider interactional dynamics, poor
understanding of prescribed regimens, cognitive impair-
ment, biases and research settings/measures (Brown and
Bussell 2011; Shi et al. 2010). The reasons for overestima-
tion by self-report in this work may be due to inaccurate
recall. Previous research found that patients believe they
took medication while accidently missing pill taking because
of poor memory, multiple medical conditions including dia-
betes, and study setting (Neath 1993). Other contributing
factors may have included social desirability in which per-
sons feel compelled to respond in ways that are consistent
with social norms (Marlowe and Crowne 1961). This bias
has been identified in prior work as largely contributing to
over reporting of medication adherence (Stone et al. 2000).
Of note, the mean number of medications taken per partici-
pants in this sample was approximately ten. The number of
medications taken has been found to influence adherence
in numerous studies. While studies have reported conflict-
ing findings, increased numbers of medications taken have
been associated with poor adherence as measured by both
self-reports and electronic monitoring (Abada et al. 2019;
Claxton et al. 2001). Our findings build on prior work by
evaluating the relationship between self-report, electronic
monitoring adherence, and depressive symptoms in a sample
taking many medications in underserved communities.

We found that patients who were adherent to antidepres-
sants measured using electronic monitoring had significantly
improved depressive symptoms compared to patients who
were nonadherent. Our results are primarily consistent with
prior work reporting that an association between greater
electronic monitoring adherence and improved depression
in community settings exists (Lee et al. 2010). Some previ-
ous investigations have indicated that despite maintenance
of adherence thresholds measured by electronic monitoring
improved depression may not be achieved. However, these
findings are limited by small sample sizes, study design,
and varied outcome assessment suggesting that more robust
investigations may yield more meaningful results (Barbui
et al. 2011; Rapaport and Judd 1998; Stewart et al. 1992).
Prior work indicates that technological applications may
provide a cost-effective solution to improve knowledge,
behaviors and/or outcomes (Iribarren et al. 2017). Further
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research is needed to evaluate the cost effectiveness of dif-
ferent technological approaches including MEMS caps for
improving medication adherence and clinical indicators in
real world settings.

In March 2016 the Institute of Medicine released a report
focused on addressing social determinants of health. Social
determinants are defined as those conditions in which people
are born, grow, live, work and age (World Health Organi-
zation 2019). This report emphasized a need for research
and clinical initiatives that encompass and address social
determinants of health (Medicine, National Academies of
Sciences, & Medicine 2016). Among the most influential are
those determinants that are financial, social, and emotional
in nature. For instance, persons that lack social support and/
or basic material goods such as transportation and hous-
ing are at increased risk for nonadherence and poor clinical
outcomes (Kahn et al. 2000; Kleinberg et al. 2013; Salazar-
Fraile et al. 2018; Voils et al. 2005; Yoshikawa et al. 2012).
The report calls for a focus that incorporates care in which
effective services and care management can be provided in
the context of persons experiencing a range of socioeco-
nomic determinants that influence self-care and adherence
to medical regimens. In this work we examined measures for
antidepressant medication adherence among persons with
unmet financial, social, and emotional needs who resided in
West Philadelphia. West Philadelphia has been designated
as a medically underserved community and adults in West
Philadelphia bear a proportionally higher chronic disease
burden than their counterparts in other geographic areas,
thus the need is great for enhanced access and quality of pri-
mary and mental health care. Our findings have implications
for healthcare providers and public health initiatives working
with underserved communities and can help shape effective
care, outreach and research in vulnerable populations.

Effective treatment of depression is highly dependent
on adherence to medication regimens. Poor medication
adherence has been shown to be a major barrier for patients
seeking to reduce their depressive symptoms, particularly
in underserved communities. Therefore, it is important that
regular monitoring and discussion about medication adher-
ence occurs during clinical encounters. Our data suggests
that over time self-reported adherence continued to over-
estimate adherence in comparison with electronic monitor-
ing. Self-report measures should be used with caution since
reliability and accuracy may not be certain. Physicians who
suspect nonadherence should examine factors that contrib-
ute to nonadherence and address them in order to minimize
the potential for poor health prognoses and adverse clinical
outcomes. Improved management and adherence to antide-
pressants could have a beneficial public health impact on
patient clinical outcomes, leading to improved health status
in underserved communities.
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