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In spite of considerable advances in the treatment of hyper-
tension, only 69% of known hypertensive patients receiv-
ing pharmacologic treatment in the United States have their 
blood pressure controlled.1 Hypertension control rates in 
other developed countries are even lower, ranging from 20 
to 50%.2 Failure to control hypertension is largely due to 
nonadherence to prescribed treatments. In fact, adherence 
during the first year of treatment is about 50%3,4 and 50% of 
patients with refractory hypertension are in fact nonadherent.5 
Nonadherence lessens the efficacy of antihypertensive drugs in 
preventing stroke, coronary heart disease, and chronic kidney 
disease.6 Moreover, increasing antihypertensive drug use by 
20% would result in a fourfold return on investment, mostly 
attributable to a reduction in hospitalization rates.7

Although multiple risk factors have been proposed, only 
regimen complexity,8,9 and drug-related side effects9 have 

been shown to be clearly associated with prospective adher-
ence. Owing to its high incidence and large health impact, it is 
imperative to identify factors associated to nonadherence, par-
ticularly those that are amenable to change. Depression and 
anxiety could impair cognitive focus, energy, and motivation 
and might affect the desire and ability of the patient to follow 
treatment recommendations.10 Indeed, cross-sectional studies 
have shown higher nonadherence in hypertensive patients with 
increased severity of depression symptoms,11,12 but these stud-
ies are particularly prone to selection, information, and reverse 
causality bias.13

The aim of our study was to assess the impact of symptoms 
of depression and anxiety on adherence to antihypertensive 
medication in a cohort of newly treated hypertensive patients.

Methods
We conducted a longitudinal cohort study among patients 20–70 
years old with essential hypertension who had been taking medi-
cation for up to 1 week. Hypertension was diagnosed as a systo-
lic/diastolic blood pressure ≥140/90 mm Hg, based on the mean 
of ≥2 measures taken on separate office visits, before the start 
of treatment. Pregnant women, patients with self-reported his-
tory of cancer, diabetes, rheumatoid arthritis, psychiatric disease 
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Background
Nonadherence to drug treatment is a major contributor to 
antihypertensive treatment failure. Mood disorders could 
impair the patient’s desire and ability to follow physician’s 
recommendations. We evaluated the role of symptoms of 
depression and anxiety on adherence to antihypertensive drug 
treatment.

Methods
We conducted a longitudinal cohort study in 20–70 years old 
patients starting antihypertensive drug treatment, without 
other chronic conditions, and not taking mood-modifying drugs. 
Severity of symptoms of depression and anxiety were evaluated 
at enrollment and 3, 6, 9, and 12 months of follow-up, using 
the Beck depression inventory-II (BDI-II) and the psychological 
general well-being index (PGWB), respectively. Treatment 
adherence was measured by pill count. Nonadherence was 
defined as taking <80% of the prescribed number of pills. Poisson 
regression was used to model the association of the exposures 
with adherence.

Results
We enrolled 178 patients (58% male; mean age: 50 years; 508 
follow-up visits). The risk of nonadherence was 52.6% in 12 months 
(95% confidence interval (CI): 46.1, 59.1). After adjusting for other 
risk factors, individuals with at least mild depression (BDI-II ≥14) and 
those with at least mild anxiety (PGWB anxiety score <22) were 2.48 
(95% CI: 1.47, 4.18) and 1.59 (95% CI: 0.99, 2.56) times more likely to 
become nonadherent in the following 3 months, respectively.

Conclusions
Patients with at least mild anxiety and depression symptoms are at 
increased risk of becoming nonadherent to antihypertensive medication. 
Screening for depression and anxiety symptoms could be used to identify 
high-risk patients. Further evidence is needed to elucidate whether 
interventions targeting these conditions improve adherence.
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requiring drug treatment, coronary heart disease, congestive 
heart failure, chronic kidney disease, and hepatitis, and those 
taking mood-modifying medications (paroxetine, sertraline, cit-
alopram, escitalopram, buspirone, zolpidem, trazodone, bupro-
pion, gabapentin, amitriptyline, atomoxetine, carbamazepine, 
clonazepam, temazepam, diazepam, alprazolam, and mirtaza-
pine) were not eligible. Patients were recruited from clinics at 
the Department of Family Medicine, University of Wisconsin at 
Madison, and the Wisconsin Research and Education Network. 
They were paid $20 per study visit as compensation for their 
participation. This study was approved by the University of 
Wisconsin at Madison institutional review board.

Data on type of antihypertensive medications, doses per day, 
and treatment changes were carefully collected at enrollment 
and at follow-up visits at 3, 6, 9, and 12 months after the start of 
treatment. Treatment adherence was defined using pill count 
data obtained during follow-up visits. Additional baseline data 
included age, gender, race, education, occupational status, 
comorbidities, copayment of medications, and the number of 
physician visits, hospital admissions, and medication use in 
the year preceding the start of antihypertensive therapy.

Severity of depression and anxiety symptoms was evaluated 
at baseline and at follow-up visits. We used the Beck depression 
inventory-II (BDI-II),14 a proven reliable and valid tool,15 to 
assess depression symptoms severity. Following current guide-
lines, participants were classified based on their BDI-II scores 
as having minimal or no depression (0–13); mild depression 
(14–19); moderate depression (20–28); and severe depression 
(29–63).14 In addition, the level of anxiety was measured with 
the anxiety subscale of the psychological general well-being 
index (PGWB),16 and patients were classified by quartiles of 
the anxiety scores as having minimal (22–25), mild (19–21), 
moderate (16–18), or severe anxiety (1–15). Those with a score 
<22 were considered as having at least mild anxiety. These 
classifications were used for the analysis, but patients in these 
groups should not be considered clinically depressed or having 
anxiety disorder based solely on these scores.

The physical symptoms distress index,17 the sexual symp-
toms distress index,18 and the sleep dysfunction scale18 were 
used to evaluate symptoms related to antihypertensive medica-
tions, sexual function, and sleep problems, respectively. These 
data forms, as well as those on depression and anxiety symp-
toms, were completed in private by the participants, and then 
put in sealed envelopes until data entry. Seated blood pressure 
was measured three times at each visit, following standard rec-
ommendations,19 with a validated automatic device (Omron 
HEM705CP; Omron Healthcare, Vernon Hills, IL).20 The aver-
age of the last two measures was used in the analysis.

We estimated the percent treatment adherence as the pro-
portion of pills taken out of the total prescribed between two 
consecutive visits (about 3 months apart). Nonadherence was 
defined conventionally as missing more than 20% of the pre-
scribed doses between consecutive visits.21 We calculated the 
incidence rate of nonadherence between consecutive visits 
(cases/person–time), converted the rate to cumulative risk 
using the exponential approach, calculated the survival free 

of nonadherence in each period (1 minus the risk), multiplied 
the survival in each period to obtain the 12-month cumulative 
survival, and then calculated the 12-month cumulative risk as 
1 minus the cumulative survival.22

The effects of the exposures of interest were estimated using 
Poisson and linear regression, with nonadherence and per-
cent adherence as the outcome variable, respectively. Each 
period between visits was considered as a separate observation 
and exposures, outcomes, and confounders were reclassified 
accordingly. Standard errors were adjusted for clustering at 
the individual level, to account for the use of repeated observa-
tions in the same participant. Results from mixed regression 
models with a random intercept (not reported) were simi-
lar to those from the Poisson and linear regression. Age and 
gender were forced in all models, and the following variables 
were retained only if they significantly predicted adherence or 
confounded the effect of the exposures by more than 10%:23 
number of antihypertensive pills per day, marital status, race, 
education, employment status, average family income, house 
tenancy, health insurance, physician visits and hospitalizations 
in the last year, medication copayment, use of medications 
for chronic diseases, self-reported health status, self-reported 
physical, sexual, and sleep symptoms distress, and current 
smoking and alcohol intake. We also fitted a first-order autore-
gressive model to estimate the effect on adherence of changes 
in the exposure between consecutive visits within the same 
individual.24 These “within-individual effects” are more ame-
nable to causal inference than population-average effects, 
which are a combination of both between-individual (cross-
sectional) and within-individual (longitudinal) effects.

Results
We recruited 214 patients 23–69 years old. A total of 178 with 
at least 1 follow-up visit are included in this analysis. They con-
tributed 508 out of a possible maximum of 594 follow-up visits 
and an average follow-up time of 271.2 days (range 68–425 
days). Most patients (66%) were 40–60 years old (mean age 
49.9 years), 42% (n = 74) were women, 88.8% were white, and 
6.2% were African American. Compared to patients with min-
imal symptoms those with at least mild depression and those 
with at least mild anxiety were more likely to be smokers, to 
report less than good health, and to have physical, sexual, and 
sleep distress symptoms. However, both groups were simi-
lar regarding gender, education, alcohol use, smoking, use of 
medication for chronic conditions, number of antihyperten-
sive medications, and blood pressure level (Table 1).

At enrollment 95% (n = 169) of all patients were taking one 
antihypertensive pill, but the pill had two blood pressure- 
lowering drugs in 9.5% of them (n = 16). Eight additional 
patients (4.5%) were taking two pills with two different drugs, 
and one patient was taking two pills with three drugs. The 
antihypertensive medications most frequently used at baseline 
were diuretics (44.4%), angiotensin-converting enzyme-in-
hibitors (32.6%), and calcium channel blockers (14.0%). Only 
11% were regular users of medications for other chronic con-
ditions and 3.4% had no health insurance.
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The average BDI-II score was 4.9 points (95% confidence 
interval (CI): 3.9, 6.0). The prevalence of at least mild depres-
sion (BDI-II score ≥14) through the study was slightly higher 
in women than in men: 10.7% (95% CI: 4.2, 17.3) vs. 10.0 (95% 
CI: 5.0, 15.0) and ranged from 7.6% in visit two to 12.2% at 
baseline. Overall, 74 episodes of at least mild depression were 
experienced by 32 subjects during the follow-up. The median 
PGWB anxiety score was 18.6 points (95% CI: 18.1, 19.2) 
and was also similar in men and women and throughout the 
follow-up.

On average patients took 93% of all the prescribed pills, and 
adherence was at or above 90% in all age groups in both men 
and women (Table 2). A total of 60 patients were nonadherent 
in 1 visit; 16 in 2 visits; 2 in 3 visits; and 1 in 4 visits. The total 
number of instances of nonadherence was 102. Cumulative 
risk of nonadherence was 23.6% between baseline and the first 
follow-up visit (about 3 months apart), 16.6% between follow-

up visits 1 and 2, 12.1% between follow-up visits 2 and 3, and 
15.4% between follow-up visits 3 and 4. The 12-month cumu-
lative risk of nonadherence was 52.6% (95% CI: 46.1, 59.1), 
and was somehow higher in women than in men. Moreover, 
the risk of nonadherence was higher in the youngest and old-
est, and lowest in the middle-aged group (Table 2).

Crude and age–gender adjusted analyses showed that the 
incidence of nonadherence increased 1.03 times (P < 0.001) 
for each increase of 1 point in the BDI-II score (Table  3). 
Also, incident nonadherence was more than two times higher 
in patients who had at least mild depression, as compared to 
those with minimal depression (rate ratio: 2.54; P < 0.001). 
On the other hand, for each decrease of 1 point in the PGWB 
anxiety score, the age- and gender-adjusted incidence of non-
adherence increased 7% (P < 0.001; Table  3). Moreover, the 
incidence of nonadherence increased progressively and sig-
nificantly in patients with mild, moderate, and severe anxiety, 

Table 1 | Baseline characteristics of the cohort by severity of symptoms of depression and anxiety

At least mild depression At least mild anxiety

Characteristics No (n = 155) Yes (n = 23) P No (n = 69) Yes (n = 109) Pa

Age (mean, years) 50.1 48.4 0.46 52.4 48.3 0.01

% Male 58.7 56.5 0.84 56.5 59.6 0.68

At least high school (%) 76.1 65.2 0.26 72.5 76.2 0.58

Current smoker (%) 11.0 34.8 <0.01 5.8 19.7 0.01

Current alcohol user (%) 76.1 65.2 0.26 78.3 72.5 0.39

Health status less than good (%) 5.8 30.4 <0.01 2.9 12.8 0.02

Using medication for chronic condition (%) 10.3 13.0 0.69 14.5 8.3 0.19

≥2 blood pressure medications (%) 32.3 21.7 0.31 36.2 27.5 0.22

Physical symptomsdistress scoreb 9 37 <0.01 4 16 <0.01

Sexual distress symptomsb 0 5 <0.01 0 4 <0.01

Sleep dysfunction scoreb 7 11 0.01 6 9 <0.01

Systolic blood pressure (mm Hg) 141.7 139.4 0.52 143.1 140.3 0.26

Diastolic blood pressure (mm Hg) 88.2 86.2 0.33 88.6 87.6 0.48
aP values based on t-tests, Fisher’s exact test, and Wald test from a quantile regression for continuous, dichotomous, and non-normal variables (see @), respectively. bMedian score.

Table 2 | Average adherence and 12-month cumulative risk of nonadherence to antihypertensive medication by age and gender in a 
cohort of newly treated hypertensive patients

Variable Adherencea (%) 95% confidence interval Risk (%) 95% confidence interval

Age group

  23–29 90.2 (86.7, 93.7) 60.7 (36.6, 84.9)

  30–39 88.9 (79.3, 98.4) 65.9 (48.6, 83.2)

  40–49 94.2 (89.8, 98.7) 44.5 (31.2, 57.8)

  50–59 92.9 (89.4, 96.5) 49.8 (38.8, 60.7)

  60–69 94.0 (87.3, 100.0) 56.6 (42.2, 71.0)

Gender

  Women 90.2 (87.1, 93.4) 57.2 (47.9, 66.4)

  Men 95.0 (91.7, 98.2) 49.5 (40.7, 58.3)

 A ll 93.0 (90.7, 95.3) 52.6 (46.1, 59.1)
aAdherence is calculated as the proportion of pills taken out of all prescribed. Nonadherence is defined as taking less than 80% of the prescribed amount of pills.
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as compared to those with minimal anxiety. In fact, in patients 
with at least mild anxiety, the risk of nonadherence increased 
1.89 times (P = 0.01).

Associations adjusted for additional risk factors were con-
sistent with those from the age- and gender-adjusted analy-
sis (Table 4). Specifically, patients with mild depression were 
twice and those with moderate and severe depression were 

three times more likely to become nonadherent than patients 
with minimal depression. Overall, patients with at least mild 
depression were 2.48 times more likely to become nonadherent 
(95% CI: 1.47, 4.18; P < 0.01). Significantly higher incidence of 
nonadherence was also observed in patients with anxiety after 
adjustment for other risk factors. Indeed, the risk of nonad-
herence increased progressively with higher levels of anxiety, 

Table 3 | Crude and age- and gender-adjusted rate ratios (95% confidence interval) for incident nonadherence to antihypertensive 
medication, according to severity of symptoms of depression and anxiety

Severity of symptoms Crude rate ratio (95% CI) P Adjusteda rate ratio (95% CI) P

Depression (BDI-II)b

 P er +1 BDI-II point 1.03 (1.01, 1.04) 0.001 1.03 (1.02, 1.05) <0.001

  Minimal (<14; referent) 1.00 1.00

  Mild (14–19) 1.97 (1.21, 3.21) 0.006 2.22 (1.38, 3.58) 0.001

  Moderate (20–28) 3.16 (1.95, 5.13) <0.001 3.45 (2.19, 5.45) <0.001

  Severe (29–63) 1.66 (0.90, 3.09) 0.107 1.85 (1.00, 3.42) 0.050

 A t least mild (≥14) 2.30 (1.52, 3.46) <0.001 2.54 (1.73, 3.74) <0.001

Anxiety (PGWB)c

 P er −1 PGWB point 1.06 (1.03, 1.10) 0.001 1.07 (1.04, 1.11) <0.001

  Minimal (22–25; referent) 1.00 1.00

  Mild (19–21) 1.38 (0.78, 2.45) 0.270 1.50 (0.85, 2.65) 0.162

  Moderate (16–18) 1.78 (1.04, 3.05) 0.035 1.98 (1.18, 3.30) 0.009

  Severe (1–15) 2.18 (1.31, 3.62) 0.021 2.56 (1.52, 4.29) <0.001

 A t least mild (<22) 1.74 (1.09, 2.77) 0.020 1.89 (1.19, 2.99) 0.007

Cut points for categories of anxiety correspond to the observed quartiles of the anxiety scale.
BDI, Beck depression inventory; CI, confidence interval; PGWB, psychological general well-being index.
aAdjusted for age and gender. bBeck depression score index. cPsychological general well-being anxiety scale.

Table 4 | Population-average and within-individual multivariate adjusted rate ratios for incident nonadherence to antihypertensive 
medication, according to severity of symptoms of depression and anxiety.

Population-average effects Within-individual effectsa

Severity of symptoms Rate ratiob (95% CI) P Rate ratiob (95% CI) P

Depression (BDI-II)c

 P er +1 BDI-II point 1.04 (1.01, 1.07) 0.006 1.04 (1.01, 1.07) 0.009

  Minimal (<14; referent) 1.00 1.00

  Mild (14–19) 2.06 (1.10, 3.88) 0.024 2.13 (1.10, 4.12) 0.024

  Moderate (20–28) 3.67 (2.13, 6.34) <0.001 2.95 (1.57, 5.52) 0.001

  Severe (29–63) 3.22 (1.20, 8.69) 0.021 3.09 (0.87, 11.0) 0.082

 A t least mild (≥14) 2.48 (1.47, 4.18) 0.001 2.37 (1.37, 4.10) 0.002

Anxiety (PGWB)d

 P er −1 PGWBd point 1.08 (1.02, 1.14) 0.011 1.09 (1.02, 1.15) 0.007

  Minimal (22–25; referent) 1.00 1.00

  Mild (19–21) 1.41 (0.81, 2.45) 0.227 1.38 (0.76, 2.50) 0.296

  Moderate (16–18) 1.65 (0.97, 2.83) 0.065 1.70 (0.97, 2.97) 0.066

  Severe (1–15) 2.28 (1.21, 4.29) 0.010 2.41 (1.24, 4.67) 0.009

 A t least mild (<22) 1.59 (0.99, 2.56) 0.054 1.61 (0.98, 2.66) 0.062

Cut points for categorization correspond to the observed quartiles of the anxiety scale.
BDI, Beck depression inventory; CI, confidence interval; PGWB, psychological general well-being index.
aFrom an autoregressive model, additionally adjusted for nonadherence in the previous visit. bAdjusted for age, gender, visit, number of blood pressure pills, employment status, physical 
symptoms distress index, sexual symptoms distress index, and sleep dysfunction index. cBeck depression score index. dPsychological general well-being anxiety scale.
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up to being 2.28 times higher in patients with severe than in 
those with minimal anxiety (P = 0.01). For patients with at 
least mild anxiety, the incidence of nonadherence increased 
1.59 times (P   = 0.05). The within-individual effects of both 
depression and anxiety were strikingly similar to the popula-
tion-average (marginal) effects (Table  4). For instance, if an 
individual experienced a change from a BDI-II score <14 to a 
score ≥14 his/her risk of becoming nonadherent in the follow-
ing 3 months increased by a factor of 2.37, a figure very close 
to the population-average effect of 2.48.

Depression and anxiety symptoms were also significant pre-
dictors of percent adherence (Table  5). After adjustment for 
other risk factors, adherence in the next 3 months decreased 
by 6.8, 23.5, and 28.9 percent-points in patients with mild, 
moderate, and severe depression, as compared to those with 
minimal depression, and the trend was statistically significant 
(P < 0.01). Also, adherence decreased 12.1 percent-points in 
those with at least mild depression (P = 0.01). On the other 
hand, adherence decreased significantly in patients with 
any level of anxiety, as compared to minimal anxiety, but a 
trend with increasing anxiety was not statistically significant 
(P = 0.09, from autoregressive model). Nevertheless, patients 
with at least mild anxiety experienced a prospective decrease 
of 6.6 percent points in adherence, as compared to those with 
minimal anxiety (P < 0.01). Within-individual effects followed 
closely the population-average effects (Table 5).

Average treatment adherence during the period preceding a 
visit was weakly associated with current blood pressure levels. 
Age- and gender-adjusted systolic and diastolic blood pressure 

were 1.61 (P = 0.28) and 1.44 (P = 0.18) mm Hg higher, respec-
tively, in patients who were nonadherent to treatment, but the 
increase was not statistically significant.

Discussion
This study shows that newly treated patients with at least 
mild depression and anxiety symptoms are at increased risk 
of becoming nonadherent to antihypertensive medication. 
Patients with at least mild depression symptoms were 2.5 times 
and those with at least mild anxiety symptoms were 1.6 times 
more likely to become nonadherent in the following 3 months 
than patients with minimal symptoms. To the best of our 
knowledge, this is the first longitudinal cohort study show-
ing an association between symptoms of these disorders and 
adherence to treatment.

Our finding of an association between depression symptoms 
and treatment adherence expands and corroborates those 
from previous studies. Wang et al.25 found that hypertensive 
patients ≥65 years old with clinical depression were 50% less 
likely to fill out at least one prescription for antihypertensive 
drugs during the following year. Also, Siegel et al. found a 
16% increase in nonadherence (medication possession ratio 
<80%) in the following year in patients with clinical depres-
sion (P < 0.001).26 Lower treatment adherence among patients 
with depression symptoms has also been reported in cross-
sectional studies.11,12 Unfortunately, cross-sectional studies of 
treatment adherence are particularly prone to both selection 
and information bias,13 limitations that are less likely in longi-
tudinal studies.

Table 5 | Population-average and within-individual multivariate adjusted changes in percent adherence to antihypertensive 
medication, according to severity of symptoms of depression and anxiety

Difference in percent adherencea

Marginal effects Within-individual effectsb

Severity of symptoms Mean (95% CI) P Mean (95% CI) P

Depression (BDI-II)c

 P er +1 BDI-II point −0.7 (−1.1, −0.2) 0.003 −0.7 (−1.2, −0.2) 0.010

  Minimal (<14; referent) 0.0 0.0

  Mild (14–19) −6.8 (−14.9, 1.37) 0.098 −6.8 (−16.3, 2.7) 0.162

  Moderate (20–28) −23.5 (−37.3, −9.7) 0.001 −19.6 (−36.4, −2.8) 0.023

  Severe (29–63) −28.9 (−50.0, −7.8) 0.007 −28.9 (−54.9, −2.8) 0.030

 A t least mild (≥14) −12.1 (−21.1, −3.2) 0.008 −11.4 (−21.2, −1.6) 0.023

Anxiety (PGWB)d

 P er −1 PGWBd point −0.6 (−1.2, −0.01) 0.045 −0.7 (−1.4, −0.07) 0.029

  Minimal (22–25; referent) 0.00 0.00

  Mild (19–21) −6.9 (−12.3, −1.6) 0.012 −6.4 (−12.2, −0.6) 0.032

  Moderate (16–18) −6.4 (−11.8, −1.0) 0.021 −6.8 (−12.6, −1.1) 0.019

  Severe (1–15) −6.1 (−12.2, −0.03) 0.049 −7.3 (−13.6, −0.9) 0.026

 A t least mild (<22) −6.6 (−11.0, −2.2) 0.003 −6.7 (−11.4, −2.0) 0.006

BDI, Beck depression inventory; CI, confidence interval; PGWB, psychological general well-being index.
aAdherence is measured as the percent of pills taken out of the total prescribed. Differences are adjusted for age, gender, visit number, number of antihypertensive pills, psychological 
general well-being, and doctor visits in last year. bFrom an autoregressive model, additionally adjusted for nonadherence in the previous visit. cBeck depression score index. dPsychological 
general well-being anxiety scale.
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As far as we know, there are no previous reports of an asso-
ciation between anxiety symptoms and adherence to antihy-
pertensive medication. Results from a small meta-analysis 
show that associations with adherence to other medications 
are mostly uncertain.10

The effects of depression and anxiety symptoms on adherence 
may be mediated by the patient’s perception of his/her capacity 
to carry out a specific task (self-efficacy expectation).27,28

Patients with low self-efficacy expectation make less efforts 
in taking medication as prescribed,27 and are also more prone 
to maximize the severity of obstacles to treatment adherence. 
This could lead to inefficacious thinking, impaired level of 
functioning, and low treatment adherence. Also, patients with 
anxiety may have low coping and thought control self-efficacy 
and this could enhance avoidance behavior.27 Briefly, perceived 
self-efficacy seems to have a direct impact on whether patients 
decide to follow treatment recommendations, whether they 
enlist the motivation and perseverance needed to succeed, and 
how well they maintain their treatment related habits.

The relationship between self-efficacy expectation, mood 
disorders, and treatment adherence appears to occurs in 
feedback loops. Low self-efficacy expectation seems to be a 
risk factor for,29,30 as well as a consequence of, symptoms of 
depression and anxiety.31,32 In turn, depression and anxiety 
symptoms could lead to10,33 and result from low treatment 
adherence.31,32 Finally, low adherence decreases self-efficacy 
expectation,32 which could by itself decrease treatment adher-
ence.27 Therefore, investigating whether successful interven-
tion in one of these factors could improve the other factors and 
lead to better blood pressure control is warranted.

We found that blood pressure was higher in patients who 
were poor compliers, but not significantly so. This finding 
could be explained by high adherence, particularly in the days 
preceding the study visit (“white-coat adherence”),34,35 and 
suggests that measurements of office blood pressure may be 
of little use and that regular home blood pressure monitoring 
or more direct adherence measurements such as self-report,  
pill-count, or review of pharmacy records, may be needed to 
identify patients with poor adherence to medication.

The longitudinal cohort design is a major strength of our 
study. By evaluating participants every 3 months, we reliably 
assessed symptoms of depression and anxiety and treatment 
adherence, and ascertained that severity of current symptoms 
influenced adherence in the following months. In addition, 
this design allowed us to measure the relationship between 
longitudinal changes in symptoms and longitudinal changes in 
adherence, and to isolate the actual effects of predictor vari-
ables (within-subject effects) from their cross-sectional effects 
(between-subject effects).

Another strength of our study is the use of pill count to 
assess adherence. Although pill count is known to overes-
timate adherence,36,37 its performance in identifying non-
adherers and adherence patterns over time is similar to that of 
electronic pill-bottles, a potentially more accurate method.38 
Moreover, pill count avoids the social desirability response 
bias that could occur with self-reported adherence. Using pill 

count was also important because patients with more severe 
symptoms of depression could under-report drug use (pessi-
mism bias).39 Lastly, we are confident that confounding bias is 
an unlikely explanation of our findings because withinsubjects 
effects, which are free from confounding by measured and 
unmeasured time-fixed variables, such as gender and genetic 
make-up, were similar to the population-average effects. 
Nevertheless, we cannot rule out the possibility of confounding  
by unmeasured variables that changed with time.

Some limitations qualify our study inferences. Studying 
a homogeneous group of relatively healthy patients starting 
antihypertensive medication improved the validity, but com-
promised the generalizability of our findings. Therefore, we 
recommend replication in patients with concomitant chronic 
conditions such as diabetes and coronary heart disease and with 
ongoing antihypertensive treatment. Also, study procedures 
such as informed consent and pill count could have improved 
adherence. However, this increase in adherence should have 
been similar in all patients, resulting in little bias in the estimate 
of the rate ratio. Moreover, 14.5% of the follow-up visits were 
missing, but selection bias seems unlikely because risk factors 
for nonadherence were not associated with missing visits in a 
multivariate model (data not shown). A lack of gender differ-
ence in depression scores may have resulted from lower par-
ticipation rate among women with higher depression score. 
Nevertheless, adjusting by gender likely should have prevented 
any bias resulting from this type of selective participation.

In summary, we have found that severity of symptoms of 
depression and anxiety were associated with lower prospec-
tive adherence to antihypertensive medication among patients 
starting treatment. Although adherence level was not signifi-
cantly associated with blood pressure in our study, a finding 
likely explained by the high level of adherence, symptoms of 
depression and anxiety could result in poor adherence and 
poor blood pressure control in other groups of patients. In 
consequence, testing for depression and anxiety symptoms 
could be useful for identifying patients at high risk of non-
adherence. Future research should examine our findings and 
test whether managing depression and anxiety symptoms or 
improving self-efficacy expectation may contribute to better 
treatment adherence and improved blood pressure control.
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