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Background: Many patients at high cardiovascular risk do not reach targets for low-density
lipoprotein cholesterol (LDL-C) and blood pressure (BP). Depression is a frequent comorbidity
in these patients and contributes to poor medication adherence.

Objective: The aim of this study was to elucidate the associations between adherence to lipid-
and BP-lowering drugs, the diagnosis of depression, and the control of LDL-C and BP.
Patients and methods: This study was conducted as multicenter, single-visit cross-sectional
study in Germany. Adherence was assessed by the Morisky Medication Adherence Scale-8
(MMAS-8), and depression was assessed as documented in the patient chart.

Results: A total of 3,188 ambulatory patients with hypercholesterolemia (39.8%), stable coronary
artery disease (CAD; 7.4%), or both (52.9%) were included. Patients had a history of myocardial
infarction (30.8%), diabetes (42.0%), were smokers (19.7%), and 16.1% had the investigator-
reported diagnosis of depression. High or moderate adherence to lipid-lowering medication
compared to low adherence was associated with lower LDL-C levels (105.5+38.3 vs 120.8+42.4
mg/dL) and lower BP (systolic BP 133.4£14.5 vs 137.9+13.9 mmHg, diastolic BP 78.319.6 vs
81.8+9.6 mmHg) and with a higher proportion of patients achieving the guideline-recommended
LDL-C (16.9% vs 10.1%) and BP target (52.2% vs 40.8%, all comparisons P<<0.0001). Adher-
ence was worse in patients with depression. Correspondingly, patients with depression showed
higher LDL-C levels, higher BP, and a lower probability of achieving the LDL-C and BP goal.
Medication adherence correlated between BP- and lipid-lowering medications.

Conclusion: Self-reported medication adherence can be easily obtained in daily practice. A low
adherence and the diagnosis of depression identify patients at risk for uncontrolled LDL-C and
BP who likely benefit from intensified care.

Keywords: adherence, blood pressure, cardiovascular disease, coronary artery disease, depres-
sion, LDL cholesterol, lipids, MMAS-8, prevention, statin

Introduction
Cardiovascular diseases (CVD) such as coronary artery disease (CAD) are the leading
cause of death worldwide.! Large randomized controlled trials have shown that
lowering of low-density lipoprotein cholesterol (LDL-C) and blood pressure (BP) is
beneficial in primary and secondary prevention of CVD.??

The current European Society of Cardiology (ESC)/European Atherosclerosis Society
(EAS) guidelines recommend achieving LDL-C levels of <70 and <100 mg/dL for
patients at very high and high risk, respectively.* However, despite the availability of
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effective and well-tolerated drugs, the LDL-C of the majority
of patients remains uncontrolled.>” There are several factors
influencing the risk factor control including adherence to medi-
cation defined as “the extent to which patients take medications
as prescribed by their health care providers”.® Adherence to
lipid- and BP-lowering medication gets worse over time. A few
months after initiation, a very significant part of the patients
stops taking the prescribed medication.”!! Poor statin adherence
has been linked to cardiovascular and all-cause mortality.!
Adherence to statins is associated with improved LDL-C lev-
els.’ Similarly, improving adherence to BP medication has
been shown to improve BP control and clinical outcomes.'%!’
However, it is not well studied whether the data regarding
adherence to BP-lowering medication can be extrapolated
to adherence to lipid-lowering medication. In general, poor
adherence to cardiovascular medication causes a considerable
proportion of cardiovascular events and deaths.'®!°

Up to 20% of patients with CVD suffer from major
depression.”” A bidirectional relationship has been assumed
between these two disease entities.?! Depression is likely to
contribute to non-adherence to lipid- and BP-lowering drugs,
which may represent a link between depressive symptoms
and risk of CVD.?

Therefore, the aim of this study was to elucidate the
association between adherence to lipid- and BP-lowering
drugs and the diagnosis of depression.

Patients and methods

This multicenter, single-visit cross-sectional study was

conducted in Germany between March 15, 2017, and

September 15, 2017. General practitioners and specialists

treating outpatients were encouraged to include 10 consecu-

tive patients scheduled for routine appointment. Inclusion

criteria were as follows:

e =18 years of age

e Hypertension as documented diagnosis

e Hypercholesterolemia or stable CAD as documented
diagnosis

e Current medication with at least one antihypertensive
drug

e Current medication with a statin

e Signed informed consent.
Patients who had been hospitalized because of a cardio-

vascular event within the past 3 months were excluded.
After the patients had signed the informed consent, the

participating physicians collected the following data:

e Age and sex

e Cardiovascular risk factors and comorbidities

e Depression (yes/no)

e Current antihypertensive medication

e Current statin medication

e Systolic and diastolic BP (SBP, DBP) values, measured
at the documentation visit according to the ESC/European

Society of Hypertension (ESH) guideline?

e Control of hypertension according to physician

e Serum lipid levels (total cholesterol, LDL-C, high-density
lipoprotein cholesterol [HDL-C], triglycerides), if mea-
sured within the past 12 months

e Control of LDL-C according to physician

o Eligibility of the patient for taking a fixed-dose combina-
tion (FDC) according to the physician and the reason for
prescribing FDC pills.

Adherence to antihypertensive and lipid-lowering
medication was determined using the Morisky Medication
Adherence Scale-8 (MMAS-8), a self-report questionnaire
comprising eight items.>* MMAS-8 values of <6 were clas-
sified as “low adherence”, 6 or 7 as “moderate adherence”,
and 8 as “high adherence”. Results regarding adherence are
based on the MMAS-8 scores for adherence to lipid-lowering
medication. LDL-C goals were defined according to the
current ESC/EAS guideline as <70 mg/dL in patients with
CAD or at very high cardiovascular risk and <100 mg/dL
in patients at high cardiovascular risk.*

The study protocol was in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki and approved by
the ethics committee (Arztekammer des Saarlandes 307/16).

Statistical analyses

Categorical values are expressed as the percentage of the
evaluable patients for each variable, excluding patients with
missing data. Continuous data are expressed as mean + SD.
Categorical data were compared using the chi-squared test;
for continuous data, the two-sample #-test was used. For
comparison of BP and LDL-C control according to ESC
guideline vs investigator, the McNemar test was utilized.
Logistic regression was used to identify factors associated
with adherence, LDL-C control, and BP control. The fol-
lowing factors were included in the regression analyses: age
(defined as males older than 55 years and females older than
65 years), sex, smoking, depression, history of myocardial
infarction, diabetes, peripheral vascular disease, stroke or
transient ischemic attack, chronic heart failure, renal disease,
positive family history of CAD, positive family history of
hypercholesterolemia, adherence to, respectively, lipid- and
BP-lowering medication, single-pill combination treatment
for hypertension, and single-pill combination treatment for
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hypercholesterolemia. The analyses were performed with
SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA). A
P-value of <0.05 was considered statistically significant.

Results

A total of 1,247 physicians participated, who included
3,312 patients (76.5% included by general practitioners,
23.5% by specialists), of whom 3,188 were available for
final analysis.

Demographic characteristics and

risk factors

The baseline characteristics are summarized in Table 1.
Of the 3,188 patients, 60.9% were male, 61.4% were aged
between 60 and 79 years. 39.8% of the patients had a diagno-
sis of hypercholesterolemia, 7.4% had a diagnosis of stable
CAD, and 52.9% had both diagnoses. 30.8% of the patients
had a history of myocardial infarction. The most present
cardiovascular risk factors were age (76.3%, defined as males
older than 55 years or females older than 65 years), diabetes
(42.0%), and positive family history of CAD (28.8%); 19.7%
of the patients were smoking.

Patients with depression

Depression was diagnosed in 16.1% of the patients (n=512).
The majority of patients with depression were female
(57.4%), corresponding to 23.9% of the female patients and
11.4% of the male patients were with depression (P<<0.0001).
Among the patients with depression, a higher proportion had a
history of previous stroke or transient ischemic attack (16.8%
vs 10.6%), a positive family history of hypercholesterolemia
(32.2% vs 23.6%), chronic heart failure (26.4% vs 17.6%),
renal disease (20.5% vs 13.8%), and familial hypercholes-
terolemia (34.0% vs 24.0%, for all comparisons P<<0.0001).
Patients with depression were more often smokers (24.4%
vs 18.8%, P=0.0032) and were prescribed more pills per day
(7.243.3 vs 6.243.2, P<<0.0001). Adherence to lipid-lowering
medication was worse in patients with depression (Table 1).
In logistic regression analyses, depression was associated
with poor BP control (P=0.0211), poor LDL-C control
(P=0.0452), and poor medication adherence (P<<0.0001).

Patients with low vs moderate or high adherence

to lipid-lowering medication

42.0% of the patients exhibited low, 28.1% moderate, and
29.9% high self-reported adherence to their lipid-lowering
medication. There were no significant differences between
patients with high vs moderate adherence in LDL-C levels
as well as LDL-C and BP control. Therefore, patients with

high and moderate adherence were analyzed as one group and
compared to patients with low adherence (Figure 1).

In comparison to patients with moderate or high adher-
ence, patients with low adherence were younger; a higher
proportion had a family history of CAD (33.2% vs 25.0%)
and hypercholesterolemia (29.5% vs 21.7%) and a history of
depression (20.0% vs 13.4%, for all comparisons P<<0.0001),
peripheral vascular disease (13.3% vs 10.1%, P=0.0074), and
familial hypercholesterolemia (28.9% vs 22.6%, P<<0.0001).
Patients with low adherence were significantly more often
smokers (27.1% vs 14.7%, P<<0.0001). The number of daily
doses was comparable in both groups (6.3£3.0 vs 6.5+3.3,
P=0.2101). There was no correlation between the number of
daily doses and adherence measured by MMAS-8 (Spear-
man’s correlation coefficient —0.00434, P=0.8118). The data
are summarized in Table 1.

High adherence was more common in women than in men
(31.0% vs 25.8%, P=0.0035). However, the proportion of
low adherence was comparable in men and women (41.7%
vs 41.1%, P=0.7849).

An FDC treatment was thought to contribute to treatment
goal attainment in 63.1% of all patients by improving adher-
ence (45.1%), patient convenience (43.8%), cardiovascular
protection (32.2%), LDL-C control (30.1%), BP control
(26.2%), and costs (17.2%).

Logistic regression revealed that depression and smoking
are strongly associated with poor adherence (P<<0.0001),
independent of using the categorized MMAS-8 or the score
as continuous variable. In the model of MMAS-8 score as
continuous variable, additional but less strong associations
with poor adherence were found for stroke (P=0.0456), age
(men older than 55 years or women older than 65 years,
P=0.0330), and positive family history of CAD (P=0.0213)
and hypercholesterolemia (P=0.0041).

Blood pressure

The mean office SBP was 135.3+14.4 mmHg, and the mean
DBP was 79.8+9.7 mmHg. BP control was achieved in47.2%
and 90.9% of the patients according to ESC/ESH guideline
on hypertension (target <140/90 mmHg) and as assessed by
the investigator, respectively (P<<0.0001).

In patients with depression, BP was significantly
higher and BP control was achieved in a significantly
lower proportion of patients (SBP 138.1£15.6 vs
134.8+14.1 mmHg, DBP 81.8+10.4 vs 79.419.6 mmHg,
BP control according to ESC guideline 39.1% vs 48.7%, for
all comparisons P<<0.0001, BP control according to investiga-
tor 87.7% vs 91.6%, P=0.0053). Patients with low adherence
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Table I Demographic parameters, comorbidities, and medication adherence for the total population, for patients with vs without

depression, and for patients with low vs moderate or high adherence

Total Depression | No depression | P-value, Low Moderate P-value,
n=3,188 n=512 n=2,676 depression | adherence or high low vs
Vs no (MMAS-8, <6) | adherence moderate
depression | n=1,273 (MMAS-8, or high
6-8) n=1,757 | adherence
Age (years)
<60 223 20.2 22.7 0.23 26.2 19.6 <0.0001
60-64 14.3 15.9 14.1 0.2754 16.0 13.0 0.0234
65-74 28.2 30.2 27.8 0.2742 26.9 29.5 0.1198
75-79 18.9 19.8 18.7 0.5439 16.4 20.4 0.0051
=80 16.2 13.9 16.6 0.131 14.5 17.5 0.0315
Sex
Female 39.1 57.4 355 <0.0001 388 39.7 0.4889
Male 60.9 42.6 64.5 <0.0001 61.2 60.3 0.0432
Risk factors and comorbidities
Hypercholesterolemia 39.8 36.7 39.6 0.2228 393 39.0 0.8564
Stable CAD 74 6.6 74 0.5436 7.6 6.6 0.2814
Hypercholesterolemia and 529 54.5 51.6 0.2224 51.7 52.8 0.5491
stable CAD
History of myocardial infarction | 30.8 28.3 313 0.1771 31.7 30.8 0.6186
Stroke/transient ischemic attack | 11.6 16.8 10.6 <0.0001 12.8 10.6 0.0598
Positive family history of CAD 28.8 322 28.1 0.0596 332 25 <0.0001
Positive family history of 25.0 322 23.6 <0.0001 29.5 21.7 <0.0001
hypercholesterolemia
Smoker 19.7 24.4 18.8 0.0032 27.1 14.7 <0.0001
Diabetes 42.0 44.9 41.4 0.1371 43.0 41.0 0.2787
Chronic heart failure 19.0 26.4 17.6 <0.0001 20.1 17.8 0.1119
Depression 16.1 100 0 20.0 13.4 <0.0001
Peripheral vascular disease 1.6 13.7 1.2 0.1118 133 10.1 0.0074
Renal disease 14.9 20.5 13.8 <0.0001 14.5 15.0 0.7014
Familial hypercholesterolemia 25.6 34.0 24.0 <0.0001 289 22.6 <0.0001
Number of daily tablets 6.413.2 7.2433 6.213.2 <0.0001 6.313.0 6.5+3.3 0.2101
(mean + SD)
BP
SBP in mmHg (mean + SD) 135.3+14.4 | 138.1+15.7 134.8+14.1 <0.0001 137.9+13.9 133.4+14.5 <0.0001
DBP in mmHg (mean * SD) 79.8+9.7 81.8+10.1 79.419.6 <0.0001 81.8+9.6 78.319.6 <0.0001
BP control according to ESC 47.2 39.1 48.7 <0.0001 40.8 52.2 <0.0001
guideline
MMAS-8 questionnaire, lipid-lowering medication
High adherence (score 8) 29.9 21.8 314 <0.0001
Moderate adherence 28.1 26.3 285 0.3805
(score 6 or 7)
Low adherence (score <6) 42.0 51.8 40.1 <0.0001
MMAS-8 questionnaire, BP-lowering medication
High adherence (score 8) 30.3 21.9 319 <0.0001
Moderate adherence 29.0 27.9 29.2 0.6681
(score 6 or 7)
Low adherence (score <6) 40.7 50.2 389 <0.0001

Note: Values are in percentage if not stated otherwise.

Abbreviations: BP, blood pressure; CAD, coronary artery disease; DBP, diastolic BP; ESC, European Society of Cardiology; MMAS-8, Morisky Medication Adherence

Scale-8; SBP, systolic BP.
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compared to those with moderate or high adherence had
higher BP values and worse BP control according to ESC
guideline and according to the treating physician’s assess-
ment (SBP 137.9£13.9 vs 133.4+14.5 mmHg, DBP 81.8+9.6
vs 78.319.6 mmHg, BP control according to ESC guideline
40.8% vs 52.2%, BP control according to investigator 87.9%
vs 93.4%, for all comparisons P<<0.0001). BP was higher in
women than in men (136.2+14.28 vs 134.9+14.24 mmHg,
P=0.0255), and BP control was achieved in 47.4% of men
and 45.7% of women (P=0.4032).
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Figure | BP (A) and LDL-C control (B) in different subgroups.

No depression
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In logistic regression analyses, low adherence
(MMAS-8 <6) was strongly associated with poor BP control,
whereas a history of myocardial infarction was associated
with better BP control (P<<0.0001). An association with
poor BP control was also found for depression (P=0.0211),
renal disease (P=0.0065), and FDC antihypertensive treat-
ment (P=0.0062).

The data are given in Table 1 and Figure 1A. The com-
parisons of SBP in the six subgroups with low, moderate, and
high adherence with and without depression are depicted in

=

d

MMAS-8, <6

d

MMAS-8, 6-8

MMAS-8, <6 MMAS-8, 6-8

Notes: BP (A) and LDL-C control (B) according to ESC guideline for the total population, patients with vs without depression and patients with low vs moderate or high
adherence to BP- and lipid-lowering medication. MMAS-8, <6: low adherence; MMAS-8, 6—7: moderate adherence; MMAS-8, 8: high adherence.
Abbreviations: BP, blood pressure; ESC, European Society of Cardiology; LDL-C, low-density lipoprotein cholesterol; MMAS-8, Morisky Medication Adherence Scale-8.
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Figure 2 (A) SBP in patients with low, moderate, and high adherence with and without depression. (B) LDL-C levels in patients with low, moderate, and high adherence

with and without depression.

Notes: (A) Low adherence: depression vs no depression: P=0.0007, moderate adherence: depression vs no depression: P=0.0978, high adherence: depression vs no
depression: P=0.2765; depression: low vs moderate adherence: P=0.0015, moderate vs high adherence: P=0.6904, no depression: low vs moderate adherence: P<<0.0001,
moderate vs high adherence: P=0.8798. (B) Low adherence: depression vs no depression: P=0.9571, moderate adherence: depression vs no depression: P=0.2460, high
adherence: depression vs no depression: P=0.1827; depression: low vs moderate adherence: P=0.0224, moderate vs high adherence: P=0.8997, no depression: low vs
moderate adherence: P<<0.0001, moderate vs high adherence: P=0.6721. MMAS-8, <6: low adherence; MMAS-8, 6—7: moderate adherence; MMAS-8, 8: high adherence.
Abbreviations: LDL-C, low-density lipoprotein cholesterol; MMAS-8, Morisky Medication Adherence Scale-8; SBP, systolic blood pressure.

Figure 2A and indicate that SBP is related to both parameters.
The results for DBP were comparable (not shown).

Lipid-lowering medication, serum lipid
levels, and LDL-C control

Mean total cholesterol was 193.91£52.6 mg/dL, LDL-C
was 112.3+40.8 mg/dL, HDL-C was 54.1+29.2 mg/dL,
and triglycerides were 148.6+93.7 mg/dL. LDL-C control
was achieved in 13.9% and 75.8% according to ESC guide-
line and investigator, respectively (P<<0.0001). The mean
score of the MMAS-8 regarding lipid-lowering medication
was 5.612.3.

Patients with depression were characterized by signifi-
cantly higher LDL-C levels compared to patients without
depression (116.4+42.0 vs 111.5+40.5 mg/dL, P=0.0238) and
had a lower probability of achieving LDL-C control accord-
ing to ESC guideline (10.4% vs 14.6%, P=0.0114). LDL-C
control as reported by the treating physician was not different

between the groups (78.4% vs 75.3%, P=0.1269). In addi-
tion, triglycerides were significantly higher in patients with
depression (161.2+93.8 vs 146.11£93.5 mg/dL, P=0.0032).
The proportion of patients taking statins, ezetimibe, or other
lipid-lowering medication was comparable. Patients with low
adherence to lipid-lowering medication showed significantly
higher LDL-C levels compared to patients with moder-
ate or high adherence (120.8+42.4 vs 105.5+38.3 mg/dL,
P<0.0001). A smaller proportion of patients with low adher-
ence achieved LDL-C control (LDL-C control according to
ESC guideline 10.1% vs 16.9% P<<0.0001, LDL-C control
according to investigator 72.4% vs 78.4%, P=0.0001).
Patients with low adherence had higher levels of triglycerides
(162.8+94.4 vs 136.6190.8, P<<0.0001). The proportion of
patients taking statins, ezetimibe, or other lipid-lowering
medication was comparable. Women had higher LDL-C
levels than men (120.3143.6 vs 109.1£38.86 mg/dL,
P<0.0001), whereas in men triglycerides were higher
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Table 2 Serum lipid levels, LDL-C control, and lipid-lowering medication for the total population, patients with vs without depression,

and patients with low vs moderate or high adherence to lipid-lowering medication

Total Depression | No P-value, Low Moderate or P-value low
N=3,188 n=512 depression | depression | adherence high adherence | vs moderate
n=2,676 Vs no (MMAS-8, (MMAS-8, 6-8) | or high
depression | <6) n=1,273 | n=1,757 adherence
Total cholesterol 193.9452.6 203.5+52.4 192.0£52.5 <0.0001 206.4+52.9 184.5£51.0 <0.0001
LDL-C 112.3140.8 116.4142.0 111.5+40.5 0.0238 120.8+42.4 105.5+38.3 <0.0001
Triglycerides 148.6+93.7 161.2+93.8 146.1+93.5 0.0032 162.8+94.4 136.6+90.8 <0.0001
HDL-C 51.1£29.2 53.3+20.3 54.3+30.7 0.4495 53.8+£31.9 53.7+21.0 0.9248
LDL-C controlled according 75.8 78.4 75.3 0.1269 724 784 0.0001
to investigator (%)
LDL-C controlled according 13.9 10.4 14.6 0.0114 10.1 16.9 <0.0001
to ESC guideline (%)
Lipid-lowering medication
Statin (%) 80.8 78.1 8l1.3 0.3677 8l.1 80.9 0.2407
Statin/ezetimibe FDC (%) 12.1 13.9 1.7 0.1233 1.0 12.8 0.219
Others (%) 4.5 44 4.6 0.9092 4.7 4.1 0.3812
Ezetimibe (%) 2.6 3.6 24 0.1121 3.1 22 0.0961

Note: Values are in milligram per deciliter and presented as mean + SD if not stated otherwise.
Abbreviations: ESC, European Society of Cardiology; FDC, fixed-dose combination; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;

MMAS-8, Morisky Medication Adherence Scale-8.

(152.9497.15 vs 142486.7 mg/dL, P=0.0081) and HDL-C
was lower (51.4+28.57 vs 57.9124.45 mg/dL, P<<0.0001).
LDL-C control according to guideline was documented in
15.5% of men and 10.8% of women (P=0.0006).

Logistic regression revealed that male sex (P=0.0006),
stroke (P=0.0014), and statin/ezetimibe single-pill combina-
tion treatment (P=0.0005) were associated with better LDL-C
control, whereas depression (P=0.0452), renal disease
(P=0.0071), and low adherence (MMAS-8 <6, P=0.0015)
were associated with worse LDL-C control. The data are
given in Table 2 and Figure 1B.

The comparisons of LDL-C levels in the six subgroups
with low, moderate, and high adherence with and without
depression are depicted in Figure 2B and indicate that serum
LDL-C levels are related to both parameters.

Comparison of adherence to BP- vs
lipid-lowering medication

The results of the MMAS-8 scores for BP- and lipid-lowering
medication were compared and showed a significant correla-

tion (Figure 3, Spearman’s correlation coefficient 0.92059,
P<0.0001).

Discussion

This study reports three important findings. The data dem-
onstrate that low self-reported medication adherence is
strongly associated with insufficient LDL-C and BP control.

The information on medication adherence can be reliably
obtained in daily practice using the MMAS-8 questionnaire.
Second, the clinical diagnosis of depression is associated
with low LDL-C and BP target attainment. Low adherence
and depression identify individuals among the cardiovascular
high-risk population who might benefit from intensified care.
Third, adherence to lipid-lowering medication correlates
with adherence to BP-lowering medication. This information
extends previous data from the literature'®!"'%!7-2> on medi-
cation adherence to the situation in lipid lowering, which is
closely associated with BP control.

Control of LDL-C as recommended by the current ESC/
EAS guideline® was achieved in only 13.9% of the patients in
this study. The poor LDL-C control is in line with previous
reports of LDL-C goal attainment in USA and in Europe,
which ranges between 20% and 30%.%722 As shown
recently, potentially 73.9% of all patients at very high risk
are able to reach the LDL-C goal of <70 mg/dL if high-dose
statins and ezetimibe are used at appropriate doses.?’ Simi-
larly, the ESC/ESH BP targets are achieved in only 50%—60%
of the patients in USA and in Europe.”33%3!

Several reasons for the underutilization of well-proven
therapies in daily practice have been discussed. One frequent
reason for not prescribing or up-titrating statins is worries
about potential side effects, although observed side effects
occur infrequently and have been shown not to outweigh
the beneficial effects.’>* In addition, our data show a lack
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Figure 3 Correlation of MMAS-8 results for lipid- and BP-lowering medication.
Note: Spearman’s correlation coefficient 0.92059, P<<0.0001.

Abbreviations: BP, blood pressure; MMAS-8, Morisky Medication Adherence Scale-8.

of awareness regarding the guideline-recommended target
values, reflected in our study by the treating physician’s
self-reported assessment of LDL-C control being achieved
in 75.8% of the patients. Similarly, BP control was thought
to be achieved in 90.9% of the patients when judged by treat-
ing physician as compared to 47.2% according to the current
ESC/ESH guideline. The discrepancy in BP control between
guideline recommendation and physicians’ assessment is
not of the same magnitude compared to the assessment of
LDL-C control, indicating a different grade of awareness
and implementation of the guideline recommendations.
This is further underpinned by the fact that poor BP control
was much stronger associated with poor medication adher-
ence as patient-related factor than poor LDL-C control was,
indicating that physicians’ inertia is one main factor in poor
LDL-C control. This interesting and novel finding indicates
an important opportunity for future educational activities.

In light of revised BP targets, the number of patients with
controlled hypertension may become even worse.>>3 It is
indeed essential to stress the importance of BP lowering to
reduce major cardiovascular end points and mortality. Based
on a meta-analysis including more than 600,000 patients, an
office BP reduction of 10 mmHg is associated with an RR
reduction in CAD by 17%, stroke by 27%, heart failure by
27%, and mortality by 13%, respectively.*’

There are different methods for assessing adherence
such as electronic measures, pharmacy refills, plasma/urine
drug and/or metabolite concentrations, pill counts, and self-
report.’® Importantly, differences in the estimated adherence
depend on the method used.** The MMAS-8 self-reported
questionnaire has the advantage of being relatively quickly
to answer, easily applicable, and low cost for use in daily
practice.**4

In our study, patients with low adherence to lipid-lowering
medication were younger than those with moderate or high
adherence. This is in line with studies in patients with chronic
heart failure and hypertension.?>*? Furthermore, patients
with low adherence had more CVD risk factors such as
smoking, hypercholesterolemia, peripheral vascular disease,
and positive family history of CAD. Therefore, these young
patients are at high risk for the development and progression
of CVD with a high potential for improvements in primary
and secondary prevention by improved adherence. The
abovementioned findings support the concept of the “healthy
adherer effect”, meaning that high medication adherence is a
surrogate marker for overall healthy behavior.**

Our results confirm that low adherence correlates with
fewer patients reaching LDL-C control.** In our study, the
rates of goal attainment did not differ significantly between
moderate and high adherence, indicating that there is a
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certain extent of adherence which should not be undercut to
reach a treatment goal. A similar result was reported by Chi
et al.'> A possible explanation is that LDL-C lowering can
still occur when doses are missed by patients with moderate
adherence.

Low adherence to lipid-lowering medication not only did
result in worse LDL-C control but also was associated with
insufficient BP control in patients treated with antihyperten-
sive drugs, further increasing cardiovascular risk. Our study
suggests that adherence to BP-lowering medication may
predict the intake of lipid-lowering medication. This finding
has very important practical implications. Although several
studies have proved that FDCs reduce BP to a greater extent
compared to the components given separately,***® this type of
information is missing for lipid-lowering medications, eg, sta-
tin—ezetimibe combinations. The observed robust correlation
of the MMAS-8 questionnaires for lipid- and BP-lowering
medication implies that the data on the potential benefit of
FDCs may be extrapolated from BP to lipid lowering.

Another important finding of our study is that patients
with past or present depression are less likely to achieve
the guideline-recommended LDL-C goal.?** Patients with
depression had more risk factors for CVD such as smoking or
past stroke and are therefore at even higher risk for progres-
sive CVD. Noteworthy, the treating physician’s assessment
of LDL-C control did not differ between patients with vs
without depression in contrast to the goal attainment accord-
ing to guideline, which was significantly worse in patients
with depression. One might suggest that the symptoms attrib-
utable to depression may have been dominant in the patients’
treatment, potentially distracting from somatic problems.
Patients with depression may benefit from the treatment of
depression by an improvement in medication adherence.*

Our study shows a higher prevalence of depression in
women (23.9% vs 11.4% in men). Although depression was
strongly associated with adherence, sex was no predictor of
poor adherence. This is further underpinned by a comparable
proportion of men and women with achieved BP control,
which was strongly associated with adherence. LDL-C con-
trol was worse in women. Poor LDL-C control in women
seems to be driven by depression rather than poor adherence,
suggesting that especially in women LDL-C is an underap-
preciated risk factor prone to physicians’ inertia.

Limitations

Our study has some limitations. The cross-sectional study
design carries limited possibilities for exploring causal
relationships and does not provide clinical follow-up.

The consecutive inclusion of the patients was not supervised;
therefore, selection bias was possible. Depression was not
diagnosed using special questionnaires or diagnostic criteria,
but was assessed according to the treating physician’s diag-
nosis; however, this reflects the situation in daily practice.
Similarly, the self-reported MMAS-8 is less precise and
overestimates adherence compared to electronic monitor-
ing, pharmacy claims, or refill data or by measuring drug/
metabolite levels in the blood and/or urine;*® however, the
advantage of the method is the feasibility and practicality in
daily practice that we documented in our study.

Conclusion

The majority of patients at high cardiovascular risk did not
reach the guideline-recommended LDL-C und BP goals.
Low adherence and the diagnosis of depression identified
individuals at risk for reduced LDL-C and BP control who are
likely to benefit from intensified care. Self-reported medica-
tion adherence can be easily obtained in daily practice.
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