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OBJECTIVE
To assess adherence to the three main drug classes in real-world patients with type
2 diabetes using biochemical urine testing, and to determine the association of
nonadherence with baseline demographics, treatment targets, and complications.

RESEARCH DESIGN AND METHODS

Analyses were performed of baseline data on 457 patients in the DIAbetes
and LifEstyle Cohort Twente (DIALECT) study. Adherence to oral antidiabetics
(OADs), antihypertensives, and statins was determined by analyzing baseline
urine samples using liquid chromatography–tandem mass spectrometry. Pri-
mary outcomes were microvascular and macrovascular complications and
treatment targets of LDL cholesterol, HbA1c, and blood pressure. These were
assessed cross-sectionally at baseline.

RESULTS

Overall, 89.3% of patients were identified as adherent. Adherence rates to
OADs, antihypertensives, and statins were 95.7%, 92.0%, and 95.5%, respec-
tively. The prevalence of microvascular (81.6% vs. 66.2%; P = 0.029) and mac-
rovascular complications (55.1% vs. 37.0%; P = 0.014) was significantly higher
in nonadherent patients. The percentage of patients who reached an LDL cho-
lesterol target of ≤2.5 mmol/L was lower (67.4% vs. 81.1%; P = 0.029) in non-
adherent patients. Binary logistic regression indicated that higher BMI,
current smoking, elevated serum LDL cholesterol, high HbA1c, presence of dia-
betic kidney disease, and presence of macrovascular disease were associated
with nonadherence.

CONCLUSIONS

Although medication adherence of real-world type 2 diabetes patients man-
aged in specialist care was relatively high, the prevalence of microvascular
and macrovascular complications was significantly higher in nonadherent pa-
tients, and treatment targets were reached less frequently. This emphasizes
the importance of objective detection and tailored interventions to improve
adherence.
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Optimal medication adherence is of
utmost importance in patients with type
2 diabetes, because nonadherence can
lead to disease progression, complica-
tions, mortality, and increased health care
costs (1,2). The challenge of adequate
therapy in type 2 diabetes is illustrated by
the lasting high incidence of diabetes
complications and failure to reach treat-
ment targets of HbA1c, LDL cholesterol,
and blood pressure (BP) (3–5). Because
patients with type 2 diabetes have a high
prevalence of multimorbidity, they are of-
ten required to take multiple drugs, which
poses adherence challenges. Medication
adherence is especially important for pa-
tients with advanced disease, who are of-
ten on multiple therapies and at high risk
of nonadherence (1). Medication adher-
ence can be assessed in several ways,
such as patient self-report, health care
professional direct observation, and use
of pharmacy data or electronic monitor-
ing. However, there is no method that
can be qualified as the gold standard of
accurately assessing medication adher-
ence (6). The biggest drawback of self-re-
port is that patients tend to overreport
adherence to avoid disapproval of health
care professionals (7). A promising new
tool to objectively assess medication ad-
herence is biochemical urine testing using
liquid chromatography–tandem mass
spectrometry (LC-MS/MS) (8,9). LC-MS/
MS is an extremely specific and sensitive
instrument with a detection limit in the
low nanogram range in a spot urine or
blood sample. Medications can be de-
tected for between four and six half-lives
of the drug, thus providing an objective
snapshot of drug adherence (10).

Although there is a previous small
study on prevalence of nonadherence de-
termined by LC-MS/MS in primary care
(10), we aimed with this larger study to
assess the prevalence of nonadherence
to oral antidiabetics (OADs), antihyperten-
sives, and statins in a real-life population
of type 2 diabetes patients managed in a
specialist setting using urine testing by
LC-MS/MS. In addition, we determined
associations of nonadherence with base-
line demographics, treatment targets, and
diabetes complications.

RESEARCH DESIGN AND METHODS

Study Design
This study was performed in the DIA-
betes and LifEstyle Cohort Twente

(DIALECT) cohort (3). DIALECT is an
observational prospective cohort study
performed in the Ziekenhuis Groep
Twente Hospital (Almelo and Hengelo,
the Netherlands) and designed to inves-
tigate the effect of lifestyle and dietary
habits on outcomes in patients with
complicated type 2 diabetes treated in
specialist care. The primary aim of DIA-
LECT is to identify targets for the im-
provement of treatment quality by a
systematic assessment of both pharma-
cological and nutritional management.
DIALECT consists of two identical inclu-
sion periods. Patients in the DIALECT-1
population were recruited between
September 2009 and January 2016 (n =
400). Recruitment of DIALECT-2 started
from that moment on, and recruitment
will continue until a total of 850 partici-
pants is reached. Our study was per-
formed according to the guidelines of
good clinical practice and the Declara-
tion of Helsinki. Written informed con-
sent was obtained from all patients
before participation. The study was ap-
proved by the local institutional review
boards (Medisch Ethische Toetsingscom-
missie reg. nos. NL57219.044.16 and
1009.68020) and is registered in the
Netherlands Trial Register (NTR5855).

Population
The study population consisted of pa-
tients with type 2 diabetes aged $18
years treated in the specialist outpa-
tient clinic as part of routine second-
ary care. In the Netherlands, criteria
for referral from primary to secondary
health care are inability to achieve ad-
equate glycemic control (defined as
failure to achieve the HbA1c target,
which is usually #7% [53 mmol/
mol]) with OADs or a standard insu-
lin regimen, macroalbuminuria and/
or estimated glomerular filtration
rate (eGFR) #60 mL/min, or multiple
cardiovascular complications (4). Pa-
tients on renal replacement therapy
or patients with insufficient knowl-
edge of the Dutch language were ex-
cluded from participation.

Study Procedures and Baseline
Characteristics
Eligible patients were selected from the
electronic patient file as described in
detail previously (3). All data were ob-
tained at baseline. At the outpatient
clinic, anthropometric measurements,

sociodemographic characteristics, medi-
cal history, lifestyle behaviors, and cur-
rent medications of participants who
gave informed consent were recorded.
BMI was calculated as weight divided
by height squared (kg/m2). Nonfasting
blood tests were taken at baseline
visit to determine serum albumin-to-
creatinine ratio (ACR), LDL cholesterol,
and HbA1c. To obtain nonbiased data
on medication adherence, 24-h urine
was collected from 8 A.M. to 8 A.M. the
next morning while patients were on
their usual medication. Patients had
signed previously for future studies of
frozen blood/urine samples and were
not aware that their urine would be
checked for medication adherence. A
separate single morning void urine was
used to assess the urinary ACR. Blood
samples, 24-h urine collection, and
morning void urine were stored in a bi-
obank at �80�C to allow for future
analysis. BP was measured in a supine
position by an automated device (Dina-
map; GE Medical Systems, Milwaukee,
WI) for 15 min with a 1-min interval.
The mean systolic and diastolic BPs of
the last three measurements were
used for further analysis (3). The eGFR
was calculated using the Chronic Kid-
ney Disease Epidemiology Collabora-
tion formula (11). Physical activity
was assessed using the validated
Short Questionnaire to Assess Health-
Enhancing Physical Activity (12). An ac-
tivity score was calculated based on
minutes of activity per day multiplied
by an intensity factor. We scored which
patients met the Dutch Healthy Exer-
cise Norm of 30 min of moderate to in-
tense activity per day for at least 5
days per week (13). Adherence to the
Dutch Guidelines for a Healthy Diet
was assessed using the Dutch Healthy
Diet index (14).

Urine samples were analyzed in De-
cember 2018 from all participants who
were included between the start of the
study in September 2009 and December
2018, totaling a population of 632 par-
ticipants. For the current study, we ex-
cluded patients who did not have a
prescription for any detectable drugs
(n = 11), those for whom no shipment
for analysis was available (n = 119), and
those for whom no urine was available
for secondary analysis (n = 45), leaving
a total of 457 participants for analysis
(Fig. 1).
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Treatment Targets
Participants were considered to be well
controlled if their HbA1c was #7% (53
mmol/mol), in line with the Dutch
guidelines for type 2 diabetes (13). Simi-
larly, patients were considered to be at
target if the serum LDL cholesterol was
#2.5 mmol/L for primary prevention
and <1.8 mmol/L for secondary preven-
tion (15). BP targets were derived from
international guidelines for diabetes
management (16,17). In patients with
diabetic kidney disease (DKD), the BP
target was set according to the Kidney
Diseases Improving Global Outcomes
guidelines (17). Patients with DKD with-
out albuminuria (eGFR <60, no albu-
minuria) had a BP target of <140/90
mmHg, whereas patients with albumin-
uria had a BP target of <130/80 mmHg.
For patients with type 2 diabetes with-
out DKD, the European Association for
the Study of Diabetes guidelines were
used, which stipulate a BP target of
<140/85 mmHg (16).

Diabetes Complications
Microvascular disease was defined as the
presence of either DKD, neuropathy, or reti-
nopathy. Presence of these complications
was assessed cross-sectionally at base-
line. DKD was defined as an eGFR <60
mL/min with or without albuminuria.
Neuropathy was assessed using mono-
filament and VibraTip. Retinopathy
was assessed at 1- to 2-year intervals
by an ophthalmologist. Macrovascular
disease was defined as the presence

of either coronary heart disease, cere-
brovascular disease, or peripheral ar-
tery disease. Coronary heart disease
was defined as the presence of one of
the following in medical history: physi-
cian-diagnosed unstable angina pectoris,
myocardial infarction, percutaneous cor-
onary intervention, or coronary artery
bypass graft. Cerebrovascular disease
was defined as a history of transient is-
chemic attack or cerebrovascular acci-
dent. Peripheral artery disease was
defined as the presence of one of the fol-
lowing in medical history: proven artery
disease by angiogram or magnetic reso-
nance angiogram, percutaneous translu-
minal angioplasty, or peripheral artery
bypass graft.

Measurement of Adherence
Urine samples were obtained at base-
line from collections of 24-h urine. The
samples were stored at the local site at
�80�C and subsequently transported
on dry ice by a courier to the biobank
at the University Medical Center Gro-
ningen. Thereafter, the samples were
shipped to the laboratory at the Univer-
sity Hospitals of Leicester NHS Trust and
stored at �80�C. Urine samples were
analyzed by LC-MS/MS using an Agilent
1290 HPLC interfaced with an Agilent
6490 triple quad mass spectrometer
(Santa Clara, CA) (8). The LC-MS/MS as-
say is a qualitative yes/no method to
detect the presence and absence of
medications. The assay is accredited by

the United Kingdom Accreditation Ser-
vice, the premier laboratory validation
organization of the U.K. The assay has a
high sensitivity, with limits of detection
of the medications analyzed between 10
and 110 ng/mL (in-house data). Also, the
assay is highly specific, because it uses
separation by chromatograms and mass
to charge ratios to identify analytes. Be-
cause of its high sensitivity and specific-
ity, LC-MS/MS–based detection of
analytes is a well-established technique
used in forensics and detection of ille-
gal performance-enhancing drugs in
elite sports (18,19). The nondetection
of a prescribed medication in urine im-
plies that it was not ingested for at
least 4–6 half-lives before sample col-
lection, which can vary from a few
hours to a few days. Furthermore, Lane
et al. (20) previously demonstrated in a
retrospective study that pharmacoki-
netic parameters like half-lives, median
concentration in plasma, and volume
of distribution do not affect the diag-
nosis of nonadherence.

Urine samples were screened for
OADs, antihypertensives, and statins. De-
tectable OADs included biguanides, sulfo-
nylurea derivatives, dipeptidyl peptidase-4
inhibitors, and thiazolidinediones. Of the
sulfonylurea derivatives, the drugs tolbuta-
mide and glibenclamide give no rise to
urinary excretion of metabolites and are
therefore not detectable. Detectable anti-
hypertensives included diuretics (thiazide,
low ceiling, high ceiling, and potassium
saving), β-blockers, calcium channel block-
ers, ACE inhibitors, angiotensin II receptor
blockers, and other antihypertensives in-
terfering in the renin-angiotensin system.
Of the antihypertensives, hydral-
azine, barnidipine, methyldopa, ke-
tanserin, and clonidine give no rise to
urinary excretion of metabolites and are
therefore not detectable. Of the statins,
only atorvastatin and rosuvastatin give
rise to urinary excretion of metabolites
and are therefore detectable.

Statistical Analysis
All statistical analyses were performed
using IBM SPSS for Windows (version
24.0; IBM Corp., Armonk, NY). Differ-
ences between the groups were tested
using the independent samples t test for
normally distributed variables, Mann-
Whitney U test for skewed variables, and
v2 test for dichotomous variables.Figure 1—Patient recruitment flowchart.
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Normally distributed data are presented
as means ± SDs. Skewed variables are
presented as medians (interquartile
ranges [IQRs]). Dichotomous variables
are presented as numbers (percentages).
A two-tailed P value <0.05 was con-
sidered statistically significant. Nor-
mality of data was assessed using the
Kolmogorov-Smirnov and Shapiro-
Wilk tests of normality and by visual-
ly inspecting the frequency of histo-
grams of each variable.

The population was divided into two
groups according to their overall bio-
chemical results. Patients were con-
sidered adherent if all screened
medications were detected in the
urine and nonadherent if at least one
of the screened medications was not
detected. Determinants of nonadher-
ence were studied using binary logis-
tic regression analysis based on
complete cases with overall adher-
ence as dependent variable. Con-
founders were based on relevant
differences in baseline characteristics
and previous literature. All univariate
variables with a P value <0.20 were
included in a forward logistic regres-
sion model together with other rele-
vant pathophysiological variables.
Variables that remained significant
were tested in each model, until full
adjustment.

Discrepancies
Because medication lists were obtained
electronically, discrepancies were noted
between prescribed medication in the
electronic health record and medication
detected in urine. Of the total number
of prescribed drugs that gave rise to uri-
nary excretion of metabolites (n= 1631),
24 discrepancies were found
(Supplementary Fig. 1).

RESULTS

Baseline Characteristics
Overall, the study population consisted
of 457 participants with type 2 diabetes
(Table 1). The average age was 64.2 ±
9.0 years, and the average diabetes du-
ration was 11 (7–19) years, reflecting a
population with advanced type 2 diabe-
tes, as can be anticipated in a referred
care population like DIALECT.

Adherence
Of the total population, 408 patients
were adherent (89.3%). The two groups
were comparable and had similar mean
age, sex composition, BMI, waist-to-hip
ratio, duration of diabetes, alcohol in-
take, physical activity, Dutch Healthy
Diet index, and urine ACR. There were
more current smokers (28.6% vs. 15.0%;
P = 0.015) and HbA1c (7.9 ± 3.5%
[62.9 ± 14.5 mmol/mol] vs. 7.4 ± 3.2%
[57.4 ± 11.2 mmol/mol]; P < 0.01) and
LDL cholesterol levels were higher (2.2 ±
0.9 vs. 2.0 ± 0.7 mmol/L; P = 0.022) in
the nonadherent group compared with
the adherent group. Furthermore, a sig-
nificantly greater number of total pre-
scribed medications was seen in the
nonadherent group (8 [7–9] vs. 7 [5–8]
medications; P < 0.01). Adherence
rates to OADs, antihypertensives, and
statins were 95.7%, 92.0%, and 95.5%,
respectively.

Target Achievement
The percentage of people who reached
an LDL cholesterol target of #2.5
mmol/L was significantly lower (P =
0.029) in the nonadherent group com-
pared with the adherent group (67.4%
vs. 81.1%) (Fig. 2). However, no signifi-
cant association was found between ad-
herence and an LDL cholesterol target
of <1.8 mmol/L (P = 0.40). There were
no statistically significant differences be-
tween the groups in the percentages of
people who reached the HbA1c and BP
targets (26.5% vs. 38.8%; P = 0.09 and
41.7% vs. 44.4%; P = 0.46, respectively).

Diabetes Complications
The percentages of both microvascular
and macrovascular complications were
significantly higher in the nonadherent
group (81.6% vs. 66.2%; P = 0.029 and
55.1% vs. 37.0%; P = 0.014, respective-
ly). Within the individual components of
microvascular disease, the prevalence of
DKD was 18.8% higher in the nonadher-
ent versus the adherent group (P =
0.012). There were no statistically signif-
icant differences in the prevalence of
neuropathy and retinopathy between
the groups (51.0% vs. 37.6%; P = 0.07
and 30.6% vs. 25.2%; P = 0.41,
respectively).

Determinants of Nonadherence
Binary logistic regression (Table 2) indi-
cated that higher BMI, current smoking,

elevated serum LDL cholesterol, high
HbA1c, presence of DKD, and presence
of macrovascular disease were signifi-
cantly associated with nonadherence.
No significant association was found for
number of screened drugs, former
smoking, and neuropathy. Univariate
analyses of all the variables that were
considered for the multivariable model
are shown in Supplementary Table 1.
Furthermore, the sensitivity analysis
with patients for whom all data were
available of the variables used in the
multivariable model is shown in
Supplementary Table 2.

CONCLUSIONS

In this report, we present the assess-
ment of adherence to OADs, antihyper-
tensives, and statins in a real-life
population with type 2 diabetes man-
aged in routine specialist clinical prac-
tice using urine testing by LC-MS/MS. To
our knowledge, this is the first large
study to report adherence in the real-
world setting to measure adherence ob-
jectively and report the association of
adherence with microvascular and mac-
rovascular complications. Generally, both
the overall medication adherence and
the adherence to the specific drug clas-
ses were relatively high compared with
that seen in other studies. However, in
nonadherent patients, treatment targets
were reached less frequently, and the
prevalence of microvascular and macro-
vascular complications at baseline was
higher. This demonstrates a window of
opportunity for early detection and inter-
ventions in cases of nonadherence.

Much of the evidence regarding poor
medication adherence in diabetes is
based on retrospective or observational
studies that collect data from claim da-
tabases using a broad range of defini-
tions. The reported incidence of poor
medication adherence in patients with
type 2 diabetes varies widely, primarily
because of different underlying subpo-
pulations and different methodological
approaches to measure adherence (1).
Previously, in a small observational
study in type 2 diabetes patients at-
tending different primary care practices,
Patel et al. (10) reported an LC-MS/MS
nonadherence rate of 28.1% to antidia-
betic, antihypertensive, and/or lipid-
lowering medications. Nonadherence to
statins was the highest at 23.7%, and
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nonadherence to OADs was 9.3%. In
their study, adverse effects such as my-
algia or the poor perception of statins
in the general population were given as
possible explanations for the high rates
of nonadherence to statins. In contrast
to these high rates of nonadherence to
statins, we found nonadherence rates
of only 4.5%. This difference can be
partly explained by the more severe
population managed in a specialist cen-
ter, as compared with the primary care

setting in the Patel et al. study. Addi-
tionally, we should note that the statin
subgroup in our population covered less
than half of our cohort patients, be-
cause the most prescribed statin sub-
type, simvastatin, does not give rise to
urinary excretion of metabolites and
was therefore not detectable.

In a post hoc analysis of a small trial
(n = 98), De Jager et al. (21) assessed
medication adherence using LC-MS/MS
to analyze serum samples in patients

with apparent resistant hypertension
using three or more antihypertensives.
They reported that 68% of patients
were partly nonadherent and 16% were
completely nonadherent; the rate for
the latter (aligning with our definition)
is still twice as high as the 8% antihyper-
tensive nonadherence rate we found.
We speculate that two mechanisms
may have been responsible for this dif-
ference. On the one hand, our addition-
al underlying condition (diabetes) could

Table 1—Baseline characteristics by overall adherence in DIALECT-1 and DIALECT-2 population

Total population Adherent Nonadherent P

Patients 457 408 (89.3) 49 (10.7) —

Age, years 64.2 ± 9.0 64.3 ± 8.9 63.7 ± 10.2 0.68

Male sex 281 (61.5) 252 (61.8) 29 (59.2) 0.73

Prescribed drugs 7 (5–9) 7 (5–8) 8 (7–9) <0.01*

Screened drugs 4 (2–5) 4 (2–5) 4 (3–5) 0.025*

Detected drugs 3 (2–5) 4 (2–5) 3 (1–4) <0.01*

Diabetes duration, years 11 (7–19) 12 (7–19) 11 (5–19) 0.52

BMI, kg/m2a 32.9 ± 6.0 32.7 ± 5.9 33.9 ± 6.4 0.19

Waist-to-hip ratioa 1.01 ± 0.09 1.01 ± 0.09 1.02 ± 0.08 0.26

Smoking status 0.047*
Current 75 (16.4) 61 (15.0) 14 (28.6)
Former 243 (53.2) 222 (54.4) 21 (42.9)
Never 139 (30.4) 125 (30.6) 14 (28.6)

Alcohol intake per week, unitsa 0.39
None 153 (35.5) 133 (34.6) 20 (42.6)
1–13 218 (50.6) 195 (50.8) 23 (48.9)
$14 60 (13.9) 56 (14.6) 4 (8.5)

Physical activity (adherence to Dutch
Healthy Exercise Norm)a

239 (53.6) 217 (54.7) 22 (44.9) 0.20

DHD indexa 70.5 ± 13.5 70.5 ± 13.7 70.5 ± 12.1 0.98

ACR, mg/mmola 12.5 ± 49.4 11.7 ± 48.7 20.0 ± 54.8 0.30

LDL cholesterol, mmol/La 2.0 ± 0.7 2.0 ± 0.7 2.2 ± 0.9 0.022*

LDL cholesterol #2.5 mmol/L 344 (79.6) 313 (81.1) 31 (67.4) 0.029*

LDL cholesterol <1.8 mmol/L 185 (40.5) 168 (41.2) 17 (34.7) 0.40

HbA1c, % (mmol/mol)a 7.5 ± 3.2 (58.0 ± 11.7) 7.4 ± 3.2 (57.4 ± 11.2) 7.9 ± 3.5 (62.9 ± 14.5) <0.01*

HbA1c on target 171 (37.5) 158 (38.8) 13 (26.5) 0.09

Systolic BP, mmHga 139 ± 16 138 ± 16 141 ± 17 0.24

Diastolic BP, mmHga 76 ± 9 76 ± 9 77 ± 9 0.47

BP on targeta 200 (44.2) 180 (44.4) 20 (41.7) 0.46

Complications
Microvascular diseases 310 (67.8) 270 (66.2) 40 (81.6) 0.029*
Retinopathya 117 (25.8) 102 (25.2) 15 (30.6) 0.41
Neuropathya 178 (39.0) 153 (37.6) 25 (51.0) 0.07
DKD 194 (42.5) 165 (40.4) 29 (59.2) 0.012*
Macrovascular diseases 178 (38.9) 151 (37.0) 27 (55.1) 0.014*

Insulin use 300 (65.6) 264 (64.7) 36 (73.5) 0.22

Data are presented as n (%), mean ± SD, or median (interquartile range) for nominal, normally distributed, and nonnormally distributed data,
respectively. Patients for whom every screened drug was detected in the urine were considered adherent. All other patients were considered
nonadherent (i.e., absence of at least one detectable drug in the urine sample). DHD, Dutch Healthy Diet. aMissing values for BMI (n = 2),
waist-to-hip ratio (n = 8), alcohol intake (n = 26), physical activity (n = 11), DHD index (n = 19), ACR (n = 31), LDL cholesterol (n = 25), HbA1c
(n = 1), systolic BP (n = 1), diastolic BP (n = 1), BP target (n = 4), retinopathy (n = 3), and neuropathy (n = 1). *Statistically significant differ-
ence between the groups (P < 0.05).
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have enhanced adherence. On the oth-
er, the high number of antihyperten-
sives in the trial conducted by De Jager
et al. could have worsened adherence.

A possible explanation for the rela-
tively high degree of medication adher-
ence in our population could be that
patients treated in specialist care may
feel more urgency to adhere to their
treatment in comparison with patients
treated in primary care. This is sup-
ported by comparing our study results
with the results of the Patel et al. (10)
study, where an LC-MS/MS nonadher-
ence rate of 28.1% to antidiabetic,
antihypertensive, and/or lipid-lowering
medications was reported. Another hy-
pothesis regarding the high rates of medi-
cation adherence in general could be the
presence of microvascular and macrovas-
cular complications, which could be a
motivation for patients to take their
medication. However, this is not sup-
ported by data from our study, because

nonadherent patients had more micro-
vascular and macrovascular complica-
tions. Furthermore, the well-organized
pharmacy service in the Netherlands,
where medication is often delivered
automatically, could also improve medi-
cation adherence. Further research is
needed to assess the role of diabetes
complications and automatic refills ver-
sus self-initiated refills in medication
adherence.

In a cohort like DIALECT, it is impor-
tant to take the possibility of selection
bias into account, (i.e., selection of high-
ly motivated patients). We can refute
this if we take the criteria for referral
from primary to secondary health care
in the Netherlands into consideration.
Patients in DIALECT are treated in a spe-
cialist setting because their type 2 dia-
betes was not optimally controlled in
primary care. In addition, a vast majori-
ty of patients developed diabetes com-
plications. Moreover, the average BMI

of 32.9 kg/m2 reflects a predominantly
obese population. These data are not in
line with patients who are highly moti-
vated. However, despite the high preva-
lence of diabetes complications and
high BMI, serum LDL cholesterol, and
HbA1c levels, this population is motivat-
ed in its own way, and they show this
by taking their medication properly,
with high rates of adherence as a result.

Usually, by determining nonadher-
ence using an objective method like LC-
MS/MS, bias can be introduced if pa-
tients take their medication just before
baseline visit, the so-called “white coat
adherence.” However, patients in this
study were not aware that their urine
would be checked for medication adher-
ence. Therefore, the results in our study
are a true reflection of adherence,
which is a major strength of this study.
A limitation of this study is that no anal-
yses could be conducted on the associa-
tions between specific drug classes/
individual drugs and adherence, be-
cause the sample size was not adequate
to make meaningful analyses (data not
shown).

Apparently, nonadherence in our
population was not recognized by pa-
tients’ health care professionals. However,
it is important to actively search for non-
adherence, recognizing that poor medica-
tion adherence contributes to suboptimal
clinical benefits. Health care professionals
should in particularly be alert for nonad-
herence if a patient smokes or fails to
reach LDL cholesterol or HbA1c targets.
The multifactorial nature of poor medica-
tion adherence implies that a broader
strategy is needed to manage nonadher-
ence. It is important to note that the utili-
ty of the LC-MS/MS assay is an evolving
and rapidly developing field over the last
3–4 years. Currently, it is possible to ana-
lyze the most common cardiovascular
medications, except aspirin and simvastat-
in. However, the prescription of simvastat-
in has decreased since other potent
statins have become generic medications;
the cost difference that used to make sim-
vastatin the cheaper option to prescribe
no longer exists. In the course of time,
this could increase the utility of the LC-
MS/MS assay in both clinical trials and
real-world settings. Additional prospective
studies are needed to compare the effects
of pharmacokinetic parameters of individ-
ual medications on the diagnosis of non-
adherence. The role of using prescription
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Figure 2—Achievement of LDL cholesterol (LDLc), HbA1c, and BP targets by adherence. Black
bars, total population; white bars, adherent; red bars, nonadherent. HbA1c target, #7% (53
mmol/mol). BP targets,<140/90 mmHg for eGFR <60 without albuminuria; <140/85 mmHg
for eGFR >60 without albuminuria; and <130/80 mmHg for patients with albuminuria. *P <
0.05, significant difference between adherent and nonadherent patients.

Table 2—Determinants of overall medication nonadherence

Variable OR (95% CI) P

BMI 1.054 (1.001–1.110) 0.046

Current smoking 2.471 (1.138–5.364) 0.022

HbA1c 1.042 (1.015–1.069) 0.002

Serum LDL cholesterol 1.714 (1.134–2.591) 0.011

DKD 2.286 (1.162–4.497) 0.017

Macrovascular disease 2.233 (1.145–4.343) 0.018

Fully adjusted logistic regression model with nonadherence as study outcome. OR, odds
ratio.
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refill information to estimate medication
adherence is well established and broadly
used. Future research should be
aimed at examining the agreement
between this method (LC-MS/MS) and
other established methods for identifying
poor adherence, like prescription refill–
based methods.
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