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Abstract

Background

Type D personality and medication nonadherence have been shown to be associated with

poor health outcomes. Type D personality is associated with poor medication adherence in

patients with coronary artery disease, myocardial infarction, and heart failure. However, the

relationship between type D personality and medication adherence in patients with Type 2

Diabetes Mellitus (T2DM) remains unknown. This study aims to examine whether type D

personality was associated with medication adherence in patients with T2DM.

Design and Settings

A follow-up study was conducted in general hospital of the People's Liberation Army in

Beijing.

Methods

412 T2DM patients (205 females), who were recruited by circular systematic random sam-

pling, provided demographic and baseline data about medical information and completed

measures of Type D personality. Then, 330 patients went on to complete a self-report mea-

sure of medication adherence at the sixth month after baseline data collection. Chi-square
test, t tests, and hierarchical multiple regression analyses were conducted, as needed.
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Results

Patients with type D personality were significantly more likely to have poor medication

adherence (p<0.001). Type D personality predicts poor medication adherence before and

after controlling for covariates when it was analyzed as a categorical variable. However, the

dimensional construct of type D personality was not associated with medication adherence

when analyzed as a continuous variable.

Conclusion

Although, as a dimensional construct, type D personality may not reflect the components of

the personality associated with poor medication adherence in patients with T2DM, screen-

ing for type D personality may help to identify those who are at higher risk of poor medication

adherence. Interventions, aiming to improve medication adherence, should be launched for

these high-risk patients.

Introduction
Type D personality describes individuals who simultaneously experience high levels of negative
affectivity and social inhibition [1]. Therefore, Type D individuals are thought to experience
negative emotions across time and situations, and to inhibit self-expression of these emotions
in social interactions due to fears of others’ reactions [2, 3]. Previous study found that Type D
personality was associated with a four-fold increased risk of mortality in coronary heart disease
(CHD) patients, after controlling the traditional biomedical risk factors [4]. Another follow-up
study also indicated that CHD patients with Type D had a four-fold risk of major cardiac
events over five years, independent of disease severity [5]. Other studies also found a compara-
ble relationship between Type D and mortality in patients with chronic heart failure (CHF) [6],
peripheral arterial disease (PAD) [7], and cardiovascular disease (CVD) [8]. It’s also indepen-
dently associated with future hemoglobin level, while controlling for renal dysfunction, gender,
time since diagnosis, and BMI in in patients with CHF [9]. Another more recent study found
that Type D personality was associated with maladaptive health-related behaviors [10], this
may represent one mechanism to explain the link between Type D and ill-health.

Given the evidence linking Type D with poor outcome in cardiac populations, several stud-
ies have also sought to reveal the potential mechanisms to explain why Type D has a deleteri-
ous influence on health outcomes. Previous studies have found a link between Type D and
immune activation [11], hyperreactivity of the hypothalamic-pituitary-adrenal axis [12],
greater cardiovascular reactivity to stress [13], engagement in fewer health-related behaviours
[14] and sub-optimal consultation behaviour [15]. In addtiton, Type D has also been linked to
poor adherence to treatment regime in sleep apnoea patients [16]. Three other recent studies
indicated that Type D could predict poor medication adherence in patients with heart failure
(HF) [17], myocardial infarction (MI) [18], and acute coronary sydrome (ACS) [19].

As of 2014, an estimated 387 million people have diabetes worldwide [20], with type 2 DM
making up about 90% of the cases [21]. In China, the overall prevalence of diabetes was esti-
mated to be 11.6% in adult population [22]. Of which, T2DM is the most common type of dia-
betes, which requires constant attention to diet, blood glucose monitoring, and medication
consumption for glycemic control. Poor medication adherence could inhibit the intensification
of glucose-regulating [23], and has a strong association with an increased risk of medical
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complications, e.g. risk of severe cardiovascular diseases and mortality, as well as poor quality
of life leading to major health care and economic implications [24, 25]. Therefore, adherence
to prescribed medication regimens and persistence with the medication are critical for patients
to maintain their health and prevent complications from diabetes, including microvascular and
macrovascular disease [26]. It was previously reported that medication adherence in patients
with diabetes ranges widely [27], depending on age [28], educational level and socio-economic
status [24], depression [29] and other cognitive/physical impairments as well as on regimen
complexity [30], dosing frequency [31], fear of hypoglycaemia or of bothersome side effects
[32]. Of course, there were also inconsistent findings which reported that gender was a risk fac-
tor for medication adherence [33, 34].

Concurrently, illness and medication beliefs are also relevant factors [35]. Lane and col-
leagues raised the hypothesis that personality traits may offer new insights into variations in
glycemic control in patients with T2DM undergoing standard management [36]. Another
recent study also emphasized the importance of psychological factors such as personality char-
acteristics (affective temperaments) in medication compliance of patients with diabetes [37].
However, no study to date has examined the link between Type D and medication adherence
in patients with T2DM. Therefore, the first aim of this study is to investigate whether Type D
personality predicts poor medication adherence in patients T2DM.

The second aim is to determine the utility of Type D as a dimensional construct. Previous
study illustrated that Type D may be better considered as a dimensional construct, compared
with a categorical construct [38]. Another study also point out that the use of median splits, on
both NA and SI, to construct typology may result in some high depressive patients being
excluded and some relatively low in depressive symptoms still being placed above the median
split [39]. An earlier study also stated the concern about the likelihood of spurious results,
when a typological construct like Type D is created from two dichotomized variables [40].
Therefore, it is important to examine the potential statistical problems that may emerge with
the dichotomous classification of Type D [39]. Accordingly, this study analyzed the data by
using two methods: first, the traditional method of classifying individuals as Type D was used;
second, type D personality was analyzed as the dimensional construct, both NA and SI were
treated as the continuous variables and performed traditional regression analyses, to test
whether the multiplicative term of SI×NA explained the additional variance, after the entry of
SI and NA individually.

Methods

Ethics Statement
This study was approved by the Ethics Committee of School of Social Development and Public
Policy at Beijing Normal University, and the Ethics Committee of First Affiliated Hospital of
the General Hospital of PLA. All patients provided written informed consent.

Participants
The sample procedures were showed in our recently published articles [41]. 412 subjects, who
were diagnosed as T2DM according to the diagnostic criteria of the WHO, attended this study
from the department of endocrinology at First Affiliated Hospital of the General Hospital of
the People's Liberation Army (PLA). All the patients were approached by their attending diabe-
tologist or specialized diabetes nurse. The average age of the subjects was 59.77 years (Standard
Deviation, SD = 12.48) with a range of 25–89 years, the patients aged over 60 accounted for
53.6%, and the female made up 50.2%. After giving informed consent, the patients were asked
to complete a research questionnaire when they were in hospital and six months later. At

Type D and Medication Adherence in Diabetic Patients: Follow-Up Study

PLOS ONE | DOI:10.1371/journal.pone.0146892 February 19, 2016 3 / 16



baseline, patients completed measures of Type D personality, and provided demographic infor-
mation. At six months, patients completed a self-report measure of medication adherence.
Eventually, 330 (80.1%) of the original 412 participants completed the follow-up questionnaire,
at the six-month follow-up, the response rate is 80.1% (330/412). The mean age of the partici-
pants at follow-up was 57.24 (SD = 11.45) years, and comprised of 158 (47.9%) females and
172 (52.1%) males. In addition, there were no significant differences between the respondents
and non-respondents in terms of gender (χ2 = 2.34, p = 0.126), HbA1c level at basline (t =
-0.14, p = 0.989), and Type D personality (χ2 = 0.404, p = 0.525). However, the respondents
were younger than the non-respondents (t = -9.04, p<0.001)

Measurements
Demographic information. All eligible subjects were interviewed. The demographic and

socioeconomic factors such as age, gender, education level, marriage status, and lifestyle factors
were collected at baseline.

Type D personality. Type D personality was assessed by the DS14 Chinese version [42],
consisting of two seven-item subscales of Negative Affectivity (NA) and Social Inhibition (SI).
The NA dimension consists of three lower-order traits (dysphoria, worry, and irritability), and
the SI dimension comprises three lower-order traits (discomfort in social interactions, reti-
cence, and social poise) [3]. A five-point Likert scale, ranging from 0 (false) to 4 (true), was
used and the cut-off of�10 on both subscales indicates Type D personality. The internal reli-
ability were 0.88 and 0.86 for the NA and SI subscales, respectively [3]. For the Chinese version,
the Cronbach’s α, for NA and SI, subscales were 0.90 and 0.85, respectively [43]. In this study,
the Cronbach’s α were 0.89 and 0.93 for the NA and SI, respectively.

Clinical characteristics. At baseline, the clinical outcomes from standard care laboratory
tests including HbA1c, Body Mass Index (BMI), the duration of diabetes, and diabetic compli-
cations, including hypertension, cardiac disease, diabetic nephropathy, diabetic retinopathy,
diabetic peripheral angiopathy and the others, were obtained from the patients’medical
records.

Medication adherence. The 8-item Morisky Medication Adherence Scale (MMAS-8),
which is a generic self-reported, medication-taking behavior scale, was validated for hyperten-
sion [44], and used for T2DM [45, 46], and has been translated into different languages inter-
nationally under various settings [46–54]. In this study, MARS-8 Chinese version was used to
assess medication adherence in this study.

The MMAS-8 scale adopted a simple and quick scoring algorithm, in the first seven items,
negative response for each question was coded as 1, except for the question asking if the patient
took their medications yesterday (where a positive response was coded as 1, and a 5-point
Likert response for the last item. Item scores are summed to give a score indicating the overall
level of adherence. Following the methodology used in the previous study, optimal adherence
was defined as having a MMAS-8 score over 6 out of a total of 8 scores [44]. In this study, the
Cronbach’s α based on standardized items was 0.84.

Statistical analyses
To investigate whether Type D can predict medication adherence at Time 2 (T2) after control-
ling for demographic and clinical variables, two analytic strategies were employed. Firstly,
being consistent with Denollet [3], the standard Type D analyses, operationalizing Type D as a
categorical variable, were conducted. Secondly, being consistent with standard moderation
analyses [55], Type D was operationalized as the interaction between the NA and SI dimen-
sions, the main effects of the NA and SI components were controlled by using the full range of
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the data. As it suggested that Type D may be a dimensional construct [38], it is also important
to treat SI and NA as dimensional constructs and examine the prognostic power of the interac-
tion between the NA and SI traits. Given that one of the assumptions of Type D is that, by defi-
nition, its effects are synergistic, i.e. they should only be seen in individuals high in NA and SI,
the use of the multiplicative NA×SI term is most appropriate conceptually.

In addition, the univariate analyses were performed to identify the significant variables,
before the multiple regression analysis were conducted. In order to determine the adjust-R2
change, all the significant variables were entered into the multiple regression analyses in three
steps. In the step 1, the demographic factors, including age, gender, education level, and mar-
riage status were entered into the multiple regression model; then, the clinical factors at base-
line including HbA1c value, duration of T2DM, the number of complications, family history of
T2DM, BMI, and the behivor factors, including sleeping hours per day and exercise times per
week, were also entered into the multiple regression model in the step 2. Finally, Type D was
entered into the multiple regression analyses model in the step 3.

Results

Subjects characteristics
As shown in Table 1, 92 (43 females) were classified as having a Type D personality (27.9%)
using the recommended cut-off point of�10 on both NA (M = 10.33, SD = 6.55) and SI
(M = 5.44; SD = 5.91) sub-scales. For 330 respondents, 73.94% were married or living with
their partners, 10.61% were single (unmarried and divorced), and 15.45% were widowed. Of all
the respondents, 11.21% only had a primary education level (�6 years), 36.97% completed
junior middle school/high school (6–12 years), and 51.82% were junior college graduates or
above. In addition, retired subjects accounted for 58.48%, as the highest ratio out of all subjects,
then followed by occupation (36.36%) and unemployment (5.15%).

Clinical characteristics
For 330 respondents, the average duration of diabetes was 7.87 years (SD 5.48), with the range
of 1–35 years. 80.9% were suffering from diabetes complications, and the top three of compli-
cations were hypertension (70.9%), abnormal blood lipid (57.0%), cardiovascular disease
(18.8%), and diabetic peripheral neuropathy (18.8%), respectively. In addition, patients with
Type D personality presented a longer duration, more complications, and higher BMI, com-
pared with the non-Type D personality patients. Furthermore, No significant difference was
observed between patients with or without Type D personality in the variable of HbA1c level at
baseline (Table 2).

Medication adherence
The mean score for medication adherence was 5.46 (SD = 2.43), ranging from 0 to 8. It was
also found that Type D individuals (M = 4.32, SD = 2.50) scored significantly lower than non-
Type D individuals (M = 5.90, SD = 2.26) on medication adherence (t = 5.26, p<0.001), indi-
cating that Type D individuals reported significantly poorer medication adherence (Table 2).

Type D personality as a predictor of medication adherence at T2
As shown in Table 3, in the step 1, the inclusion of age, gender, education level, and marriage
status did not account for a significant amount of T2 adherence, the total adjust-R2 was 0.05,
and the combined effect of clinical factors at baseline and behivour factors explained an addi-
tional 38% of the variance in the step 2. Comparatively speaking, Type D personality was a
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significant predictor of medication adherence in the step 3 (β = -1.48, p<0.001), by itself,
explaining an additional 7% of the variance.

Concurrently, the effect of components NA and SI on medication adherence were also
examined. As shown in Table 4, when NA and SI, being regarded as the categorical variables,
were entered in the regression model (step 1), both NA trait (β = –0.80, p = 0.007) and SI trait
(β = –0.81, p = 0.006) were associated with poorer medication adherence. However, when NA,
SI, and their interaction term (NA×SI term), together, were entered into model of the multiple
regression, the NA trait predicted the poorer medication adherence (β = –0.63, p = 0.042), and
the NA×SI term seems likely to make only a marginal difference (β = –1.67, p = 0.079), further-
more, the total Adjust-R2 increased from 50% in step 1 to 50.3% in step 2.

Next, as shown in Table 5, only SI trait was associated with medication adherence (β = –0.09,
p = 0.003) (step 1), when type D personality dimensions (NA and SI) were analyzed as continu-
ous variables. Furthermore, none of them were associated with medication adherence (step 2)
when NA, SI, and their interaction term (NA×SI term) were entered into the multiple regression.

Table 1. Sample characteristics.

Total sample (n = 330)
n (%)

Type D personality (n = 92)
n (%)

Non-Type D personality (n = 238)
n (%)

p value

Age 57.23±11.45 57.78±10.95 57.03±10.95 t = 0.54, p = 0.591

Gender

Male 172 (52.12) 43 (46.7) 123 (51.7) Phi = 0.014, p = 0.797

Female 158 (47.88) 49 (53.3) 115 (48.3)

Marital status

Married 244 (73.94) 59 (64.1) 184 (77.7) Cramer's V = 0.21,
p = 0.002

Unmarried 13 (3.94) 8 (8.7) 5 (2.1)

Divorced 22 (6.67) 4 (4.3) 18 (7.6)

Widowed 51 (15.45) 21 (22.8) 30 (12.6)

Eduaction

�12 years 171 (51.82) 34 (37.0) 137 (57.6) Cramer's V = 0.21,
p = 0.001

6~12 years 122 (36.97) 49 (53.3) 73 (30.7)

�6 years 37 (11.21) 9 (9.8) 28 (11.8)

Employment
status

Occupation 120 (36.36) 27 (29.3) 93 (39.1) Cramer's V = 0.091,
p = 0.255

unemployment 17 (5.15) 5 (5.4) 12(5.0)

Retired 193 (58.486) 60 (65.2) 133 (55.9)

Note: The correlations between Type D personality and gender, marital status, eduaction level, and employment status were analyzed by using the cross

table nanlysis, And the Phi and Cramer's V coefficients were utilized, respectively.

doi:10.1371/journal.pone.0146892.t001

Table 2. The comparison of the clinical outcomes between the patients with or without Type D personality.

Total (n = 330) Type D personality (n = 92) Non-Type D personality (n = 238) p value

Duration 7.87±5.48 9.23±6.73 7.34±4.83 t = 2.83, p = 0.003

The number of complications 2.18±1.78 2.47±2.01 2.07±1.67 t = 1.82, p = 0.07

BMI 25.00±3.15 25.67±3.05 24.76±3.16 t = 2.37, p = 0.009

HbA1c at basline 7.27±1.73 7.37±1.77 7.24±1.72 t = 0.63, p = 0.264

doi:10.1371/journal.pone.0146892.t002
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To further investigate the associations between medication adherence and NA/SI trait, the
regression analysis between medication adherence and Type D personality were also con-
ducted. When NA and SI were regarded as continuous variables, the results indicated that only

Table 3. Hierarchical regression analyses predictingmedication adherence at T2.

Step Variables β at step (95% CI) P value Adjust-R2

Step1 Age 0.018 (-0.006,0.042) 0.136 0.05

Gender

Male vs Female -1.04 (-1.57, -0.52) <0.0001

Education

>12 years vs�12 years 0.39 (-0.15,0.94) 0.158

MarriageStatus

Married vs Single -0.30 (-0.89, 0.30) 0.326

Step2 Age 0.0002 (-0.02,0.02) 0.983 0.43

Gender

Male vs Female -0.28 (-0.70, 0.14) 0.201

Education

>12 years vs�12 years 0.39 (-0.04,0.82) 0.074

Marriage status

Married vs Single -0.46 (-0.94, 0.02) 0.062

Clinical factors

Duration -0.03 (-0.02, 0.07) 0.196

Complications -0.17 (-0.30, -0.04) 0.011

Family History 0.42 (-0.00, 0.84) 0.05

Baseline HbA1c value -0.85 (-0.98, -0.74) <0.0001

BMI -0.06 (-0.12, 0.01) 0.074

Behavior factors

Sleeping hours per day 0.01 (-0.06, 0.07) 0.840

Exercise times per week 0.05 (-0.04, 0.14) 0.279

Step3 Age 0.007 (-0.03,0.01) 0.7 0.50

Gender

Male vs Female -0.29 (-0.68, 0.11) 0.150

Education

>12 years vs�12 years 0.16 (-0.24,0.57) 0.429

Marriage status

Married vs Single -0.55 (-1.00, -0.09) 0.017

Clinical factors

Duration 0.05 (0.01, 0.09) 0.014

Complications -0.17 (-0.29, -0.05) 0.007

Family History 0.17 (-0.24, 0.57) 0.414

Baseline HbA1c value -0.83 (-0.94, -0.71) <0.0001

BMI -0.02 (-0.08, 0.04) 0.499

Behivour factors

Sleeping hours per day -0.01 (-0.08, 0.05) 0.667

Exercise times per week 0.06 (-0.02, 0.14) 0.167

Type D personality1 -1.48 (-1.93, -1.03) <0.0001

Note:
1 Type D personality was analyzed as a categorical variable.

doi:10.1371/journal.pone.0146892.t003
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NA trait predicted poorer medication adherence (β = –0.07, p = 0.039) (step 1 in S1 Table), and
SI seems likely to make only a marginal difference (β = –0.006, p = 0.096). Similarly, NA

Table 4. Type D persoinality components: NA and SI onmedication adherence1.

Step Variables β at step (95% CI) P value Adjust-R2

Step1 Age -0.007 (-0.03,0.01) 0.477 0.50

Gender

Male vs Female -0.37 (-0.78, 0.04) 0.075

Education

>12 years vs�12 years -0.16 (-0.57,0.25) 0.444

Marriage status

Married vs Being single -0.64 (-1.1,- 0.19) 0.006

Clinical factors

Duration 0.05 (0.01, 0.09) 0.015

Complications at basline -0.19 (-0.31, -0.06) 0.004

Family History 0.15 (-0.26, 0.55) 0.476

Baseline HbA1c value -0.78 (-0.90, -0.66) <0.0001

BMI -0.02 (-0.09, 0.04) 0.390

Behavior factors

Sleeping hours per day -0.03 (-0.09, 0.03) 0.331

Exercise times per week 0.03 (-0.06, 0.11) 0.505

Type D personality construct

Negative affectivity category -0.80 (-1.37, -0.22) 0.007

Social inhibition category -0.82 (-1.39, -0.23) 0.006

Step2 Age -0.008 (-0.03,0.01) 0.418 0.503

Gender

Male vs Female -0.37 (-0.78, 0.04) 0.072

Education

>12 years vs�12 years 0.15 (-0.25,0.57) 0.469

Marriage status

Married vs Single -0.59 (-1.1,- 0.14) 0.011

Clinical factors

Duration 0.05 (0.01, 0.09) 0.011

Complications at baseline -0.18 (-0.31, -0.06) 0.005

Family History 0.10 (-0.31, 0.50) 0.645

Baseline HbA1c value -0.79 (-0.91, -0.67) <0.0001

BMI -0.02 (-0.08, 0.04) 0.527

Behavior factors

Sleeping hours per day -0.03 (-0.09, 0.03) 0.417

Exercise times per week 0.04 (-0.05, 0.12) 0.388

Type D personality construct2

Negative affectivity category -0.63 (-1.23, -0.02) 0.042

Social inhibition category 0.82 (-1.08, 2.38) 0.463

NA×SI term -1.67 (-3.53, 0.19) 0.079

Note:
1Adjusted for age, gender, education, and marriage status.
2Negative affectivity and social inhibition were analyzed as categorical variables.

doi:10.1371/journal.pone.0146892.t004
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predicted poorer medication adherence (β = –0.08, p = 0.043) (step 2 in S1 Table), when NA,
SI, and their interaction term (NA×SI term), were entered into the model of regression
analysis.

Table 5. Negative affectivity, social inhibition, andmedication adherence1.

Step Variables β at step (95% CI) P value Adjust-R2 for step

Step1 Age -0.004 (-0.03,0.01) 0.644 0.49

Gender

Male vs Female -0.34 (-0.75, 0.07) 0.102

Education

>12 years vs�12 years 0.15 (-0.27,0.57) 0.483

Marriage status

Married vs Single -0.67 (-1.11, -0.21) 0.005

Clinical factors

Duration 0.05 (0.007, 0.094) 0.023

Complications -0.17 (-0.3, -0.05) 0.007

Family History 0.19 (-0.22, 0.61) 0.354

Baseline HbA1c value -0.79 (-0.91, -0.67) <0.0001

BMI -0.03 (-0.09, 0.04) 0.364

Behavior factors

Sleeping hours per day -0.026 (-0.09, 0.04) 0.417

Exercise times per week 0.04 (-0.04, 0.13) 0.354

Type D personality dimensions

Negative affectivity -0.02 (-0.07, 0.04) 0.516

Social inhibition -0.09 (-0.15, 0.3) 0.003

Step2 Age -0.005 (-0.03,0.02) 0.630 0.50

Gender

Male vs Female -0.35 (-0.76, 0.06) 0.091

Education

>12 years vs�12 years 0.15 (-0.26,0.57) 0.484

Marriage status

Married vs Single -0.65 (-1.11, -0.19) 0.006

Clinical factors

Duration 0.05 (0.008, 0.096) 0.019

Complications -0.17 (-0.3, -0.05) 0.007

Family History 0.17 (-0.25, 0.58) 0.434

Baseline HbA1c value -0.80 (-0.91, -0.68) <0.0001

BMI -0.022 (-0.09, 0.04) 0.481

Behivour factors

Sleeping hours per day -0.025 (-0.09, 0.04) 0.453

Exercise times per week 0.04 (-0.04, 0.13) 0.297

Type D personality dimensions

Negative affectivity 0.04 (-0.07, 0.07) 0.967

Social inhibition -0.11 (-0.17, 0.15) 0.915

Negative affectivity × Social inhibition -1.01 (-0.02, 0.005) 0.283

Note:
1Negative affectivity and social inhibition were analyzed as the continuous variables.

doi:10.1371/journal.pone.0146892.t005
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Discussion
In this study, we explored the association between type D personality and medication adher-
ence in patients with T2DM. To our knowledge, this is the first follow-up study to examine the
relationship between type D personality and medication adherence in this patient population.
However, two conflicting findings were found. That is, Type D personality was associated with
medication adherence when type D personality was analyzed as a categorical variable before
and after adjusting for demographic, clinical, and behavior variables. However, when analyzed
as a dimensional construct (NA, SI, and NA×SI term), type D personality was not associated
with medication adherence.

The former findings are consistent with previous studies on the association between Type D
personality and medication adherence in patients with heart failure [17], and on the adverse
effects of type D personality on self-management behaviors and getting a regular medical
examination [14], when type D personality was analyzed as a categorical variable. In fact,
recent studies on the relationship between type D personality and self-management behaviors
analyzed type D personality as a categorical variable [16, 56, 57]. Specifically, type D personal-
ity had an adverse effect on objectively assessed compliance with continuous positive airway
pressure (CPAP) in patients with obstructive sleep apnoea syndrome (OSAS) [16]. Similarly,
HF patients with type D personality experienced more HF symptoms, including shortness of
breath, fatigue, and sleep problems [56], presented the inadequate consultation behavior and
were at a six-fold increased risk of reporting impaired health status, compared to those without
type D personality [15]. Furthermore, the odds ratio for treatment discontinuation was 6.03 for
type D personality adjusted for covariates [57] in patients with sleep-disordered breathing. The
findings above suggested that patients with type D personality had more difficulties to main-
tain self-management behaviors when type D personality was analyzed as a categorical
variable.

Contrarily to the former, type D personality was not associated with medication adherence
when analyzed as a dimensional construct. Frankly speaking, we do not know how to interpret
the reasons why type D personality was associated with medication adherence when type D
personality was analyzed as a categorical variable, but not dimensionally, that is, continuous
NA and SI measures and their interaction term. At least, the result needs to be considered from
only three studies which have examined the relationship between the dimensional construct of
type D personality and medication adherence [17–19]. The findings in this study were consis-
tent with two studies which indicated that dimensional type D personality was not indepen-
dently associated with medication adherence in patients with ACS [19] and HF [17]. However,
another study did show that TypeD personality, as measured as a dimensional construct, pre-
dicted medication adherence in patients with MI [18]. Previous studies have also discussed the
issues regarding the approaches to conceptualization of type D personality, namely a dimen-
sional or categorical construct [38, 58]. A few articles published recently which exhibited the
null findings between type D personality and health outcomes or self-care behaviors in patients
with heart disease [59–62]; therefore, these issues should be further studied systematically [58].
Findings in our study suggested there may not be a robust relationship between type D person-
ality and medication adherence. In the future, additional researches are needed to examine the
relationship between the dimensional construct of type D personality on medication adherence
in patients with T2DM.

The details is still worthy to be discussed. Consistent with the earlier two studies [17, 19],
our study showed that the dichotomized NA personality trait was independently associated
with medication adherence (β = –0.63, p = 0.042), rather than SI and their interaction term
(step 2 in Table 4). Besides, being different from three previous studies [17–19], we found that
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SI was independently associated with medication adherence (β = –0.09, p = 0.003) (step 1 in
Table 5), when NA and SI were analyzed as continuous variables, however, this association
vanished when NA, SI, and their interaction term were entered into the regression model (step
2 in Table 5). It is difficult for us to interpret such discrepancies based on the data of this study.
The related studies on this issues in patients with T2DM should be further conducted in the
future, to explore the underlying mechanism.

Adherence to prescribed medication is critical for patients with T2DM to have better health
outcomes [63–66]. However, patients with T2DM often fail to adhere to treatment for numer-
ous reasons including concerns about administration, mode, timing, convenience, adverse
events, and cost [67]. The factors contributing to medication non-adherence in patients taking
multiple medications are complex. Some associated factors on the medication adherence in
patients with diabetes has been described [68], such as socialeconomic factors [69], medication
therapy-related factors [70, 71], patient-related factors [72–75], and health system-related fac-
tors [76].

There is no study to explore the relationship between type D personality and medication
adherence in patients with T2DM. Although, previous studies also emphasized the importance
of personality characteristics in medication compliance of patients with diabetes [36, 37]. Sev-
eral studies revealed that some biological factors, such as cytokines [11, 77] and antioxidant
level [78] may explain the relationship between type D personality and cardiac events. How-
ever, the underlying relationship between type D personality and poor outcomes are largely
unknown, especially in patients with T2DM. Even though, two conflicting findings were found
in this study, the association between adverse health outcomes, medication adherence and type
D personality should paid more attention in patients with T2DM.

Findings on medication adherence in this study contribute to the growing body of evidence
for the involvement Type D personality and self-management in patients with T2DM. As
highlighted above, Type D patients may possess inadequate consultation behavior [15]. Theo-
retically, the SI component of Type D may be crucial for understanding possible subsequent
adherence problems, because it depicts an individual who inhibit the self-expression of emo-
tions and behaviors in social interaction [3]. In this study, when NA and SI, as continuous vari-
able, were entered into regression model, only SI predicts the poorer medication adherence,
rather than NA (step 1 in Table 5). Although, this effect vanished, when NA and SI interaction
term was also entered into the regression model, the importance of SI component could not be
ignored, because it may be particularly significant during the social interaction between
patients and their physicians.

Conclusions
In conclusion, this is the first follow-up study to identify a predictive association between Type
D personality and medication adherence in patients with T2DM. The findings contribute to a
growing body of literature exploring the possible mechanisms between Type D and poor health
outcomes in patients with T2DM, although these findings were inconsistent with each other.
Thus, screening for type D personality, in patients with T2DM, may help to further investigate
the relationship between type D personality and poor medication adherence.

Limitations
Some limitations should be acknowledged here. First, current study relies on self-report mea-
surement of Type D personality and medication adherence. Social desirability may influence
the measurement of medication adherence and may also result in over-estimate of their adher-
ence rates. Future studies should be conducted to examine the relationship between Type D
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and more objective measurement of adherence. Second, this study was limited by the small
sample size and, therefore, we only can adjust some potential confounders that might have an
impact on medication adherence in the multiple regression models. Future studies should
include a larger sample so that the complex dynamics between type D personality and medica-
tion adherence could be better elucidated.

Supporting Information
S1 Data. The data for this manuscript.
(DTA)

S1 Table. The associations between NA, SI, and medication adherence.
(DOCX)

S1 Text. The meaning of variables of the data on this manuscript.
(DOCX)

Author Contributions
Conceived and designed the experiments: XL DTWZ. Performed the experiments: SZ HX XT
JY XW ZQ. Analyzed the data: H. Zhou H. Zhu FW SG. Contributed reagents/materials/analy-
sis tools: WZ. Approved the final manuscript: XL SZ HX XT H. Zhou JY XW ZQ FWH. Zhu
SG DTWZ.

References
1. Denollet J, Sys SU, Stroobant N, Rombouts H, Gillebert TC, Brutsaert DL. Personality as independent

predictor of long-termmortality in patients with coronary heart disease. Lancet. 1996; 347(8999):417–
21. Epub 1996/02/17. PMID: 8618481.

2. Williams L, O'Connor RC, Grubb NR, O'Carroll RE. Type D personality and three-month psychosocial
outcomes among patients post-myocardial infarction. Journal of psychosomatic research. 2012; 72
(6):422–6. doi: 10.1016/j.jpsychores.2012.02.007 PMID: 22656437.

3. Denollet J. DS14: standard assessment of negative affectivity, social inhibition, and Type D personality.
Psychosomatic medicine. 2005; 67(1):89–97. doi: 10.1097/01.psy.0000149256.81953.49 PMID:
15673629.

4. Denollet J, Vaes J, Brutsaert DL. Inadequate response to treatment in coronary heart disease: adverse
effects of type D personality and younger age on 5-year prognosis and quality of life. Circulation. 2000;
102(6):630–5. Epub 2000/08/10. PMID: 10931802.

5. Denollet J, Pedersen SS, Vrints CJ, Conraads VM. Usefulness of type D personality in predicting five-
year cardiac events above and beyond concurrent symptoms of stress in patients with coronary heart
disease. The American journal of cardiology. 2006; 97(7):970–3. doi: 10.1016/j.amjcard.2005.10.035
PMID: 16563897.

6. Schiffer AA, Smith OR, Pedersen SS, Widdershoven JW, Denollet J. Type D personality and cardiac
mortality in patients with chronic heart failure. International journal of cardiology. 2010; 142(3):230–5.
doi: 10.1016/j.ijcard.2008.12.090 PMID: 19162343.

7. Aquarius AE, Smolderen KG, Hamming JF, De Vries J, Vriens PW, Denollet J. Type D personality and
mortality in peripheral arterial disease: a pilot study. Archives of surgery. 2009; 144(8):728–33. doi: 10.
1001/archsurg.2009.75 PMID: 19687376.

8. Conden E, Leppert J, Ekselius L, Aslund C. Type D personality is a risk factor for psychosomatic symp-
toms and musculoskeletal pain among adolescents: a cross-sectional study of a large population-
based cohort of Swedish adolescents. BMC pediatrics. 2013; 13:11. Epub 2013/01/23. doi: 10.1186/
1471-2431-13-11 PMID: 23336535; PubMed Central PMCID: PMC3567984.

9. Kupper N, Pelle AJ, Szabo BM, Denollet J. The relationship between Type D personality, affective
symptoms and hemoglobin levels in chronic heart failure. PloS one. 2013; 8(3):e58370. Epub 2013/03/
09. doi: 10.1371/journal.pone.0058370 PMID: 23472188; PubMed Central PMCID: PMC3589413.

10. Gilmour J, Williams L. Type D personality is associated with maladaptive health-related behaviours.
Journal of health psychology. 2012; 17(4):471–8. doi: 10.1177/1359105311423117 PMID: 21975661.

Type D and Medication Adherence in Diabetic Patients: Follow-Up Study

PLOS ONE | DOI:10.1371/journal.pone.0146892 February 19, 2016 12 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146892.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146892.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146892.s003
http://www.ncbi.nlm.nih.gov/pubmed/8618481
http://dx.doi.org/10.1016/j.jpsychores.2012.02.007
http://www.ncbi.nlm.nih.gov/pubmed/22656437
http://dx.doi.org/10.1097/01.psy.0000149256.81953.49
http://www.ncbi.nlm.nih.gov/pubmed/15673629
http://www.ncbi.nlm.nih.gov/pubmed/10931802
http://dx.doi.org/10.1016/j.amjcard.2005.10.035
http://www.ncbi.nlm.nih.gov/pubmed/16563897
http://dx.doi.org/10.1016/j.ijcard.2008.12.090
http://www.ncbi.nlm.nih.gov/pubmed/19162343
http://dx.doi.org/10.1001/archsurg.2009.75
http://dx.doi.org/10.1001/archsurg.2009.75
http://www.ncbi.nlm.nih.gov/pubmed/19687376
http://dx.doi.org/10.1186/1471-2431-13-11
http://dx.doi.org/10.1186/1471-2431-13-11
http://www.ncbi.nlm.nih.gov/pubmed/23336535
http://dx.doi.org/10.1371/journal.pone.0058370
http://www.ncbi.nlm.nih.gov/pubmed/23472188
http://dx.doi.org/10.1177/1359105311423117
http://www.ncbi.nlm.nih.gov/pubmed/21975661


11. Denollet J, Vrints CJ, Conraads VM. Comparing Type D personality and older age as correlates of
tumor necrosis factor-alpha dysregulation in chronic heart failure. Brain, behavior, and immunity. 2008;
22(5):736–43. doi: 10.1016/j.bbi.2007.10.015 PMID: 18068948.

12. Molloy GJ, Perkins-Porras L, Strike PC, Steptoe A. Type-D personality and cortisol in survivors of acute
coronary syndrome. Psychosomatic medicine. 2008; 70(8):863–8. doi: 10.1097/PSY.
0b013e3181842e0c PMID: 18799427.

13. Williams L, O'Carroll RE, O'Connor RC. Type D personality and cardiac output in response to stress.
Psychol Health. 2009; 24(5):489–500. doi: 10.1080/08870440701885616 PMID: 20205007.

14. Williams L, O'Connor RC, Howard S, Hughes BM, Johnston DW, Hay JL, et al. Type-D personality
mechanisms of effect: the role of health-related behavior and social support. Journal of psychosomatic
research. 2008; 64(1):63–9. doi: 10.1016/j.jpsychores.2007.06.008 PMID: 18158001.

15. Pelle AJ, Schiffer AA, Smith OR, Widdershoven JW, Denollet J. Inadequate consultation behavior mod-
ulates the relationship between type D personality and impaired health status in chronic heart failure.
International journal of cardiology. 2010; 142(1):65–71. doi: 10.1016/j.ijcard.2008.12.086 PMID:
19167768.

16. Brostrom A, Stromberg A, Martensson J, Ulander M, Harder L, Svanborg E. Association of Type D per-
sonality to perceived side effects and adherence in CPAP-treated patients with OSAS. Journal of sleep
research. 2007; 16(4):439–47. doi: 10.1111/j.1365-2869.2007.00620.x PMID: 18036091.

17. Wu JR, Moser DK. Type D personality predicts poor medication adherence in patients with heart failure
in the USA. International journal of behavioral medicine. 2014; 21(5):833–42. doi: 10.1007/s12529-
013-9366-2 PMID: 24198039; PubMed Central PMCID: PMC4388325.

18. Williams L, O'Connor RC, Grubb N, O'Carroll R. Type D personality predicts poor medication adher-
ence in myocardial infarction patients. Psychol Health. 2011; 26(6):703–12. doi: 10.1080/08870446.
2010.488265 PMID: 21391133.

19. Molloy GJ, Randall G, Wikman A, Perkins-Porras L, Messerli-Burgy N, Steptoe A. Type D personality,
self-efficacy, and medication adherence following an acute coronary syndrome. Psychosomatic medi-
cine. 2012; 74(1):100–6. doi: 10.1097/PSY.0b013e31823a5b2f PMID: 22155940.

20. International Diabetes Federation. IDF DIABETES ATLAS (2014 Update) Sixth edition. 2015 24
November 2015. Report No.

21. Buse JB, Polonsky KS, Burant CF. CHAPTER 31—Type 2 Diabetes Mellitus. In: Kronenberg
SMSPRLM, editor. Williams Textbook of Endocrinology ( Twelfth Edition). Philadelphia: Content
Repository Only!; 2011. p. 1371–435.

22. Xu Y, Wang L, He J, Bi Y, Li M, Wang T, et al. Prevalence and control of diabetes in Chinese adults.
JAMA: the journal of the American Medical Association. 2013; 310(9):948–59. doi: 10.1001/jama.2013.
168118 PMID: 24002281.

23. Voorham J, Haaijer-Ruskamp FM, Wolffenbuttel BHR, Stolk RP, Denig P, D GIAT. Medication Adher-
ence Affects Treatment Modifications in Patients With Type 2 Diabetes. Clinical therapeutics. 2011; 33
(1):121–34. doi: 10.1016/j.clinthera.2011.01.024 PMID: WOS:000288924800010.

24. Odegard PS, Capoccia K. Medication taking and diabetes: a systematic review of the literature. The
Diabetes educator. 2007; 33(6):1014–29; discussion 30–1. doi: 10.1177/0145721707308407 PMID:
18057270.

25. Ho PM, Rumsfeld JS, Masoudi FA, McClure DL, PlomondonME, Steiner JF, et al. Effect of medication
nonadherence on hospitalization and mortality among patients with diabetes mellitus. Archives of inter-
nal medicine. 2006; 166(17):1836–41. doi: 10.1001/archinte.166.17.1836 PMID: 17000939.

26. Curkendall SM, Thomas N, Bell KF, Juneau PL, Weiss AJ. Predictors of medication adherence in
patients with type 2 diabetes mellitus. Current medical research and opinion. 2013; 29(10):1275–86.
doi: 10.1185/03007995.2013.821056 PMID: 23815104.

27. Cohen HW, Shmukler C, Ullman R, Rivera CM, Walker EA. Measurements of medication adherence in
diabetic patients with poorly controlled HbA(1c). Diabetic medicine: a journal of the British Diabetic
Association. 2010; 27(2):210–6. doi: 10.1111/j.1464-5491.2009.02898.x PMID: 20546266.

28. Bezie Y, Molina M, Hernandez N, Batista R, Niang S, Huet D. Therapeutic compliance: a prospective
analysis of various factors involved in the adherence rate in type 2 diabetes. Diabetes & metabolism.
2006; 32(6):611–6. doi: 10.1016/S1262-3636(07)70316-6 PMID: 17296515.

29. Lin EH, KatonW, Von Korff M, Rutter C, Simon GE, Oliver M, et al. Relationship of depression and dia-
betes self-care, medication adherence, and preventive care. Diabetes care. 2004; 27(9):2154–60.
Epub 2004/08/31. PMID: 15333477.

30. Corsonello A, Pedone C, Lattanzio F, Lucchetti M, Garasto S, Carbone C, et al. Regimen complexity
and medication nonadherence in elderly patients. Therapeutics and clinical risk management. 2009; 5
(1):209–16. PMID: 19436625; PubMed Central PMCID: PMC2697531.

Type D and Medication Adherence in Diabetic Patients: Follow-Up Study

PLOS ONE | DOI:10.1371/journal.pone.0146892 February 19, 2016 13 / 16

http://dx.doi.org/10.1016/j.bbi.2007.10.015
http://www.ncbi.nlm.nih.gov/pubmed/18068948
http://dx.doi.org/10.1097/PSY.0b013e3181842e0c
http://dx.doi.org/10.1097/PSY.0b013e3181842e0c
http://www.ncbi.nlm.nih.gov/pubmed/18799427
http://dx.doi.org/10.1080/08870440701885616
http://www.ncbi.nlm.nih.gov/pubmed/20205007
http://dx.doi.org/10.1016/j.jpsychores.2007.06.008
http://www.ncbi.nlm.nih.gov/pubmed/18158001
http://dx.doi.org/10.1016/j.ijcard.2008.12.086
http://www.ncbi.nlm.nih.gov/pubmed/19167768
http://dx.doi.org/10.1111/j.1365-2869.2007.00620.x
http://www.ncbi.nlm.nih.gov/pubmed/18036091
http://dx.doi.org/10.1007/s12529-013-9366-2
http://dx.doi.org/10.1007/s12529-013-9366-2
http://www.ncbi.nlm.nih.gov/pubmed/24198039
http://dx.doi.org/10.1080/08870446.2010.488265
http://dx.doi.org/10.1080/08870446.2010.488265
http://www.ncbi.nlm.nih.gov/pubmed/21391133
http://dx.doi.org/10.1097/PSY.0b013e31823a5b2f
http://www.ncbi.nlm.nih.gov/pubmed/22155940
http://dx.doi.org/10.1001/jama.2013.168118
http://dx.doi.org/10.1001/jama.2013.168118
http://www.ncbi.nlm.nih.gov/pubmed/24002281
http://dx.doi.org/10.1016/j.clinthera.2011.01.024
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000288924800010
http://dx.doi.org/10.1177/0145721707308407
http://www.ncbi.nlm.nih.gov/pubmed/18057270
http://dx.doi.org/10.1001/archinte.166.17.1836
http://www.ncbi.nlm.nih.gov/pubmed/17000939
http://dx.doi.org/10.1185/03007995.2013.821056
http://www.ncbi.nlm.nih.gov/pubmed/23815104
http://dx.doi.org/10.1111/j.1464-5491.2009.02898.x
http://www.ncbi.nlm.nih.gov/pubmed/20546266
http://dx.doi.org/10.1016/S1262-3636(07)70316-6
http://www.ncbi.nlm.nih.gov/pubmed/17296515
http://www.ncbi.nlm.nih.gov/pubmed/15333477
http://www.ncbi.nlm.nih.gov/pubmed/19436625


31. Odegard PS, Gray SL. Barriers to medication adherence in poorly controlled diabetes mellitus. The Dia-
betes educator. 2008; 34(4):692–7. doi: 10.1177/0145721708320558 PMID: 18669811.

32. Grant RW, Devita NG, Singer DE, Meigs JB. Polypharmacy and medication adherence in patients with
type 2 diabetes. Diabetes care. 2003; 26(5):1408–12. PMID: 12716797.

33. Geisel-Marbaise S, Stummer H. Diabetes adherence—does gender matter? Journal of public health.
2010; 18(3):219–26. doi: 10.1007/s10389-009-0305-2

34. Rivellese AA, Riccardi G, Vaccaro O. Cardiovascular risk in women with diabetes. Nutrition, metabo-
lism, and cardiovascular diseases: NMCD. 2010; 20(6):474–80. doi: 10.1016/j.numecd.2010.01.008
PMID: 20621459.

35. Mahler C, Hermann K, Horne R, Jank S, Haefeli WE, Szecsenyi J. Patients' beliefs about medicines in
a primary care setting in Germany. Journal of evaluation in clinical practice. 2012; 18(2):409–13. doi:
10.1111/j.1365-2753.2010.01589.x PMID: 21087373.

36. Lane JD, McCaskill CC, Williams PG, Parekh PI, Feinglos MN, Surwit RS. Personality correlates of gly-
cemic control in type 2 diabetes. Diabetes care. 2000; 23(9):1321–5. PMID: 10977026.

37. Shamsi A, Khodaifar F, Arzaghi SM, Sarvghadi F, Ghazi A. Is there any relationship between medica-
tion compliance and affective temperaments in patients with type 2 diabetes? Journal of diabetes and
metabolic disorders. 2014; 13(1):96. doi: 10.1186/s40200-014-0096-z PMID: 25276668; PubMed Cen-
tral PMCID: PMC4180133.

38. Ferguson E, Williams L, O'Connor RC, Howard S, Hughes BM, Johnston DW, et al. A taxometric analy-
sis of type-D personality. Psychosomatic medicine. 2009; 71(9):981–6. doi: 10.1097/PSY.
0b013e3181bd888b PMID: 19834048.

39. de Voogd JN, Wempe JB, Postema K, van Sonderen E, Ranchor AV, Coyne JC, et al. More evidence
that depressive symptoms predict mortality in COPD patients: is type D personality an alternative expla-
nation? Annals of behavioral medicine: a publication of the Society of Behavioral Medicine. 2009; 38
(2):86–93. doi: 10.1007/s12160-009-9105-8 PMID: 19513800; PubMed Central PMCID: PMC2793382.

40. Maxwell SE, Delaney HD. Bivariate median splits and spurious statistical significance. Psychological
bulletin. 1993; 113(1):181–90.

41. ZhangW, Xu H, Zhao S, Yin S, Wang X, Guo J, et al. Prevalence and influencing factors of co-morbid
depression in patients with type 2 diabetes mellitus: a General Hospital based study. Diabetology &
metabolic syndrome. 2015; 7:60. doi: 10.1186/s13098-015-0053-0 PMID: 26167205; PubMed Central
PMCID: PMC4499190.

42. Zhang Y, Li H, Zou S. Association between Cognitive Distortion, Type D Personality, Family Environ-
ment, and Depression in Chinese Adolescents. Depression research and treatment. 2011;
2011:143045. Epub 2011/07/13. doi: 10.1155/2011/143045 PMID: 21747993; PubMed Central
PMCID: PMC3130968.

43. Yu XN, Zhang J, Liu X. Application of the Type D Scale (DS14) in Chinese coronary heart disease
patients and healthy controls. Journal of psychosomatic research. 2008; 65(6):595–601. Epub 2008/
11/26. doi: 10.1016/j.jpsychores.2008.06.009 PMID: 19027450.

44. Morisky DE, Ang A, Krousel-Wood M,Ward HJ. Predictive validity of a medication adherence measure
in an outpatient setting. Journal of clinical hypertension. 2008; 10(5):348–54. PMID: 18453793;
PubMed Central PMCID: PMC2562622.

45. Pedersini R, Vietri J. PRM90—Comparison of the 4-item and 8-item morisky medication adherence
scale in patients with type 2 diabetes. Value in Health. 2014; 17(3):A183. http://dx.doi.org/10.1016/j.
jval.2014.03.1066.

46. Al-Qazaz H, Hassali MA, Shafie AA, Sulaiman SA, Sundram S, Morisky DE. The eight-item Morisky
Medication Adherence Scale MMAS: translation and validation of the Malaysian version. Diabetes
research and clinical practice. 2010; 90(2):216–21. doi: 10.1016/j.diabres.2010.08.012 PMID:
20832888; PubMed Central PMCID: PMC3109726.

47. Jackson IL, Adibe MO, Okonta MJ, Ukwe CV. Medication adherence in type 2 diabetes patients in Nige-
ria. Diabetes technology & therapeutics. 2015; 17(6):398–404. doi: 10.1089/dia.2014.0279 PMID:
25749392.

48. WongMC, Wu CH, Wang HH, Li HW, Hui EM, Lam AT, et al. Association between the 8-itemMorisky
medication adherence scale (MMAS-8) score and glycaemic control among Chinese diabetes patients.
Journal of clinical pharmacology. 2014. doi: 10.1002/jcph.408 PMID: 25293349.

49. de Oliveira-Filho AD, Morisky DE, Neves SJ, Costa FA, de Lyra DP Jr. The 8-item Morisky Medication
Adherence Scale: validation of a Brazilian-Portuguese version in hypertensive adults. Research in
social & administrative pharmacy: RSAP. 2014; 10(3):554–61. doi: 10.1016/j.sapharm.2013.10.006
PMID: 24268603.

Type D and Medication Adherence in Diabetic Patients: Follow-Up Study

PLOS ONE | DOI:10.1371/journal.pone.0146892 February 19, 2016 14 / 16

http://dx.doi.org/10.1177/0145721708320558
http://www.ncbi.nlm.nih.gov/pubmed/18669811
http://www.ncbi.nlm.nih.gov/pubmed/12716797
http://dx.doi.org/10.1007/s10389-009-0305-2
http://dx.doi.org/10.1016/j.numecd.2010.01.008
http://www.ncbi.nlm.nih.gov/pubmed/20621459
http://dx.doi.org/10.1111/j.1365-2753.2010.01589.x
http://www.ncbi.nlm.nih.gov/pubmed/21087373
http://www.ncbi.nlm.nih.gov/pubmed/10977026
http://dx.doi.org/10.1186/s40200-014-0096-z
http://www.ncbi.nlm.nih.gov/pubmed/25276668
http://dx.doi.org/10.1097/PSY.0b013e3181bd888b
http://dx.doi.org/10.1097/PSY.0b013e3181bd888b
http://www.ncbi.nlm.nih.gov/pubmed/19834048
http://dx.doi.org/10.1007/s12160-009-9105-8
http://www.ncbi.nlm.nih.gov/pubmed/19513800
http://dx.doi.org/10.1186/s13098-015-0053-0
http://www.ncbi.nlm.nih.gov/pubmed/26167205
http://dx.doi.org/10.1155/2011/143045
http://www.ncbi.nlm.nih.gov/pubmed/21747993
http://dx.doi.org/10.1016/j.jpsychores.2008.06.009
http://www.ncbi.nlm.nih.gov/pubmed/19027450
http://www.ncbi.nlm.nih.gov/pubmed/18453793
http://dx.doi.org/10.1016/j.jval.2014.03.1066
http://dx.doi.org/10.1016/j.jval.2014.03.1066
http://dx.doi.org/10.1016/j.diabres.2010.08.012
http://www.ncbi.nlm.nih.gov/pubmed/20832888
http://dx.doi.org/10.1089/dia.2014.0279
http://www.ncbi.nlm.nih.gov/pubmed/25749392
http://dx.doi.org/10.1002/jcph.408
http://www.ncbi.nlm.nih.gov/pubmed/25293349
http://dx.doi.org/10.1016/j.sapharm.2013.10.006
http://www.ncbi.nlm.nih.gov/pubmed/24268603


50. Lee GK, Wang HH, Liu KQ, Cheung Y, Morisky DE, Wong MC. Determinants of medication adherence
to antihypertensive medications among a Chinese population using Morisky Medication Adherence
Scale. PloS one. 2013; 8(4):e62775. doi: 10.1371/journal.pone.0062775 PMID: 23638143; PubMed
Central PMCID: PMC3636185.

51. Tzeng JI, Chang CC, Chang HJ, Lin CC. Assessing analgesic regimen adherence with the Morisky
Medication Adherence Measure for Taiwanese patients with cancer pain. Journal of pain and symptom
management. 2008; 36(2):157–66. doi: 10.1016/j.jpainsymman.2007.10.015 PMID: 18411015.

52. Sakthong P, Chabunthom R, Charoenvisuthiwongs R. Psychometric properties of the Thai version of
the 8-itemMorisky Medication Adherence Scale in patients with type 2 diabetes. The Annals of pharma-
cotherapy. 2009; 43(5):950–7. doi: 10.1345/aph.1L453 PMID: 19366872.

53. Jie W, Yongzhen M, Rongwen B. Evaluation of reliability and validity of application of the Chinese ver-
sion of 8-item Morisky Medication Adherence Scale in patients with type 2 diabetes. Chinese Journal of
Diabetes. 2013; 21(12):1101–4.

54. Siyu Z, Liqiong B, Hongzhuan T, Hualin Y. Application of the morisky medication adherence scale on
pulmonary tuberculosis patients. Chinese Journal of Antituberculosis. 2010; 32(09):55–8.

55. Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological research:
conceptual, strategic, and statistical considerations. Journal of personality and social psychology.
1986; 51(6):1173–82. PMID: 3806354.

56. Schiffer AA, Denollet J, Widdershoven JW, Hendriks EH, Smith OR. Failure to consult for symptoms of
heart failure in patients with a type-D personality. Heart. 2007; 93(7):814–8. Epub 2007/03/09. doi: 10.
1136/hrt.2006.102822 PMID: 17344329; PubMed Central PMCID: PMC1994460.

57. Dieltjens M, Vanderveken OM, Van den Bosch D, Wouters K, Denollet J, Verbraecken JA, et al. Impact
of type D personality on adherence to oral appliance therapy for sleep-disordered breathing. Sleep &
breathing = Schlaf & Atmung. 2013; 17(3):985–91. doi: 10.1007/s11325-012-0788-x PMID: 23149877.

58. Smith TW. Toward a more systematic, cumulative, and applicable science of personality and health:
lessons from type D personality. Psychosomatic medicine. 2011; 73(7):528–32. doi: 10.1097/PSY.
0b013e31822e095e PMID: 21873588.

59. Coyne JC, Jaarsma T, Luttik ML, van Sonderen E, van Veldhuisen DJ, Sanderman R. Lack of prognos-
tic value of type D personality for mortality in a large sample of heart failure patients. Psychosomatic
medicine. 2011; 73(7):557–62. doi: 10.1097/PSY.0b013e318227ac75 PMID: 21862826.

60. Pelle AJ, Pedersen SS, Schiffer AA, Szabo B, Widdershoven JW, Denollet J. Psychological distress
and mortality in systolic heart failure. Circulation Heart failure. 2010; 3(2):261–7. doi: 10.1161/
CIRCHEARTFAILURE.109.871483 PMID: 20071656.

61. Grande G, Romppel M, Vesper JM, Schubmann R, Glaesmer H, Herrmann-Lingen C. Type D personal-
ity and all-cause mortality in cardiac patients—data from a German cohort study. Psychosomatic medi-
cine. 2011; 73(7):548–56. doi: 10.1097/PSY.0b013e318227a9bc PMID: 21862827.

62. Volz A, Schmid JP, Zwahlen M, Kohls S, Saner H, Barth J. Predictors of readmission and health related
quality of life in patients with chronic heart failure: a comparison of different psychosocial aspects. Jour-
nal of behavioral medicine. 2011; 34(1):13–22. doi: 10.1007/s10865-010-9282-8 PMID: 20658185.

63. Cani CG, Lopes Lda S, Queiroz M, Nery M. Improvement in medication adherence and self-manage-
ment of diabetes with a clinical pharmacy program: a randomized controlled trial in patients with type 2
diabetes undergoing insulin therapy at a teaching hospital. Clinics (Sao Paulo). 2015; 70(2):102–6. doi:
10.6061/clinics/2015(02)06 PMID: 25789518; PubMed Central PMCID: PMC4351311.

64. Buysman EK, Liu F, Hammer M, Langer J. Impact of medication adherence and persistence on clinical
and economic outcomes in patients with type 2 diabetes treated with liraglutide: a retrospective cohort
study. Advances in therapy. 2015; 32(4):341–55. doi: 10.1007/s12325-015-0199-z PMID: 25832470;
PubMed Central PMCID: PMC4415988.

65. Saleh F, Mumu SJ, Ara F, Hafez MA, Ali L. Non-adherence to self-care practices & medication and
health related quality of life among patients with type 2 diabetes: a cross-sectional study. BMC public
health. 2014; 14:431. doi: 10.1186/1471-2458-14-431 PMID: 24885315; PubMed Central PMCID:
PMC4019601.

66. Clifford S, Perez-Nieves M, Skalicky AM, Reaney M, Coyne KS. A systematic literature review of meth-
odologies used to assess medication adherence in patients with diabetes. Current medical research
and opinion. 2014; 30(6):1071–85. doi: 10.1185/03007995.2014.884491 PMID: 24432796.

67. Meece J. Improving medication adherence among patients with type 2 diabetes. Journal of pharmacy
practice. 2014; 27(2):187–94. doi: 10.1177/0897190013513803 PMID: 24375997.

68. Marzec LN, Maddox TM. Medication adherence in patients with diabetes and dyslipidemia: associated
factors and strategies for improvement. Current cardiology reports. 2013; 15(11):418. doi: 10.1007/
s11886-013-0418-7 PMID: 24057772.

Type D and Medication Adherence in Diabetic Patients: Follow-Up Study

PLOS ONE | DOI:10.1371/journal.pone.0146892 February 19, 2016 15 / 16

http://dx.doi.org/10.1371/journal.pone.0062775
http://www.ncbi.nlm.nih.gov/pubmed/23638143
http://dx.doi.org/10.1016/j.jpainsymman.2007.10.015
http://www.ncbi.nlm.nih.gov/pubmed/18411015
http://dx.doi.org/10.1345/aph.1L453
http://www.ncbi.nlm.nih.gov/pubmed/19366872
http://www.ncbi.nlm.nih.gov/pubmed/3806354
http://dx.doi.org/10.1136/hrt.2006.102822
http://dx.doi.org/10.1136/hrt.2006.102822
http://www.ncbi.nlm.nih.gov/pubmed/17344329
http://dx.doi.org/10.1007/s11325-012-0788-x
http://www.ncbi.nlm.nih.gov/pubmed/23149877
http://dx.doi.org/10.1097/PSY.0b013e31822e095e
http://dx.doi.org/10.1097/PSY.0b013e31822e095e
http://www.ncbi.nlm.nih.gov/pubmed/21873588
http://dx.doi.org/10.1097/PSY.0b013e318227ac75
http://www.ncbi.nlm.nih.gov/pubmed/21862826
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.871483
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.871483
http://www.ncbi.nlm.nih.gov/pubmed/20071656
http://dx.doi.org/10.1097/PSY.0b013e318227a9bc
http://www.ncbi.nlm.nih.gov/pubmed/21862827
http://dx.doi.org/10.1007/s10865-010-9282-8
http://www.ncbi.nlm.nih.gov/pubmed/20658185
http://dx.doi.org/10.6061/clinics/2015(02)06
http://www.ncbi.nlm.nih.gov/pubmed/25789518
http://dx.doi.org/10.1007/s12325-015-0199-z
http://www.ncbi.nlm.nih.gov/pubmed/25832470
http://dx.doi.org/10.1186/1471-2458-14-431
http://www.ncbi.nlm.nih.gov/pubmed/24885315
http://dx.doi.org/10.1185/03007995.2014.884491
http://www.ncbi.nlm.nih.gov/pubmed/24432796
http://dx.doi.org/10.1177/0897190013513803
http://www.ncbi.nlm.nih.gov/pubmed/24375997
http://dx.doi.org/10.1007/s11886-013-0418-7
http://dx.doi.org/10.1007/s11886-013-0418-7
http://www.ncbi.nlm.nih.gov/pubmed/24057772


69. Wallach-Kildemoes H, Andersen M, Diderichsen F, Lange T. Adherence to preventive statin therapy
according to socioeconomic position. European journal of clinical pharmacology. 2013; 69(8):1553–63.
doi: 10.1007/s00228-013-1488-6 PMID: 23588558.

70. Paes AH, Bakker A, Soe-Agnie CJ. Impact of dosage frequency on patient compliance. Diabetes care.
1997; 20(10):1512–7. PMID: 9314626.

71. Dailey G, Kim MS, Lian JF. Patient compliance and persistence with antihyperglycemic drug regimens:
evaluation of a medicaid patient population with type 2 diabetes mellitus. Clinical therapeutics. 2001; 23
(8):1311–20. PMID: 11558867.

72. Osborn CY, Cavanaugh K, Wallston KA, Kripalani S, Elasy TA, Rothman RL, et al. Health literacy
explains racial disparities in diabetes medication adherence. Journal of health communication. 2011;
16 Suppl 3:268–78. doi: 10.1080/10810730.2011.604388 PMID: 21951257; PubMed Central PMCID:
PMC3561717.

73. Bauer AM, Schillinger D, Parker MM, KatonW, Adler N, Adams AS, et al. Health literacy and antide-
pressant medication adherence among adults with diabetes: the diabetes study of Northern California
(DISTANCE). Journal of general internal medicine. 2013; 28(9):1181–7. doi: 10.1007/s11606-013-
2402-8 PMID: 23512335; PubMed Central PMCID: PMC3744297.

74. Osborn CY, Egede LE. The relationship between depressive symptoms and medication nonadherence
in type 2 diabetes: the role of social support. General hospital psychiatry. 2012; 34(3):249–53. doi: 10.
1016/j.genhosppsych.2012.01.015 PMID: 22401705; PubMed Central PMCID: PMC3345067.

75. Walker RJ, Smalls BL, Hernandez-Tejada MA, Campbell JA, Davis KS, Egede LE. Effect of diabetes
fatalism onmedication adherence and self-care behaviors in adults with diabetes. General hospital psy-
chiatry. 2012; 34(6):598–603. doi: 10.1016/j.genhosppsych.2012.07.005 PMID: 22898447; PubMed
Central PMCID: PMC3479321.

76. Elliott DJ, Robinson EJ, Anthony KB, Stillman PL. Patient-centered outcomes of a value-based insur-
ance design program for patients with diabetes. Population health management. 2013; 16(2):99–106.
doi: 10.1089/pop.2012.0031 PMID: 23405873.

77. Denollet J, Conraads VM, Brutsaert DL, De Clerck LS, StevensWJ, Vrints CJ. Cytokines and immune
activation in systolic heart failure: the role of Type D personality. Brain, behavior, and immunity. 2003;
17(4):304–9. PMID: 12831833.

78. Kupper N, Gidron Y, Winter J, Denollet J. Association between type D personality, depression, and oxi-
dative stress in patients with chronic heart failure. Psychosomatic medicine. 2009; 71(9):973–80. doi:
10.1097/PSY.0b013e3181bee6dc PMID: 19834046.

Type D and Medication Adherence in Diabetic Patients: Follow-Up Study

PLOS ONE | DOI:10.1371/journal.pone.0146892 February 19, 2016 16 / 16

http://dx.doi.org/10.1007/s00228-013-1488-6
http://www.ncbi.nlm.nih.gov/pubmed/23588558
http://www.ncbi.nlm.nih.gov/pubmed/9314626
http://www.ncbi.nlm.nih.gov/pubmed/11558867
http://dx.doi.org/10.1080/10810730.2011.604388
http://www.ncbi.nlm.nih.gov/pubmed/21951257
http://dx.doi.org/10.1007/s11606-013-2402-8
http://dx.doi.org/10.1007/s11606-013-2402-8
http://www.ncbi.nlm.nih.gov/pubmed/23512335
http://dx.doi.org/10.1016/j.genhosppsych.2012.01.015
http://dx.doi.org/10.1016/j.genhosppsych.2012.01.015
http://www.ncbi.nlm.nih.gov/pubmed/22401705
http://dx.doi.org/10.1016/j.genhosppsych.2012.07.005
http://www.ncbi.nlm.nih.gov/pubmed/22898447
http://dx.doi.org/10.1089/pop.2012.0031
http://www.ncbi.nlm.nih.gov/pubmed/23405873
http://www.ncbi.nlm.nih.gov/pubmed/12831833
http://dx.doi.org/10.1097/PSY.0b013e3181bee6dc
http://www.ncbi.nlm.nih.gov/pubmed/19834046

