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The Maastricht Utrecht Adherence in Hypertension (MUAH) questionnaire provides 
clinicians with information about the causes of a patient’s poor adherence to antihy‐
pertensive drugs. In this study, the authors aimed to develop and validate a short ver‐
sion of the MUAH questionnaire. After an exploratory factor analysis, the number of 
MUAH items was reduced. The original MUAH questionnaire (model 1) was compared 
with the 16-item MUAH short version (model 2). Next, this short version of MUAH 
(MUAH-16) with all factors correlated (model 2a) was compared with the short version 
of MUAH with four subscales that contribute to a global factor of adherence (model 
2b). Model 1 had a poor fit to the data (χ2269 = 663.41, P < .001, comparative fit index 
= 0.695, root mean square error of approximation = 0.06), and model 2 had a very 
good fit to the data (χ2100 = 171.07, P < .001, comparative fit index = 0.92, root mean 
square error of approximation = 0.04). When comparing model 2a with model 2b, the 
chi-square difference of the model (Δχ22 = 4.06; P = .067) revealed that the fits of 
both models were not significantly different. These findings suggest that MUAH-16 
better represents a patient’s adherence to antihypertensive medication than the origi‐
nal MUAH questionnaire.

1  | INTRODUCTION

Medication adherence is one of the factors most responsible for ther‐
apeutic success in cases of hypertension.1–3 Researchers have come 
to prioritize classifying patients as nonadherent and to develop and 
implement strategies for improving adherence and blood pressure 
control.

In the past decade, several interventions have been performed 
to enhance a patient’s adherence to antihypertensive medication 
with ambiguous results. Schroeder and colleagues4 systematically 
reviewed some motivational strategies and complex interventions, 
which, while promising, still lack sufficient evidence. In a systematic 
review by Haynes and colleagues,5 the effects of simple interven‐
tions were inconsistent from study to study, with fewer than half 
of the studies showing benefits. Similar conclusions were obtained 
by Nieuwlaat and colleagues,6 who critiqued the current methods 

of improving medication adherence for chronic health problems as 
being mostly complex and not very effective, thus thwarting the full 
benefits of treatment.

This lack of evidence may be attributable to the absence of indi‐
vidually tailored interventions. Adherence is a complex concept that 
includes several dimensions, such as patient-related factors, social/
economic factors, health system factors, therapy-related factors, and 
condition-related factors.7 Currently, a patient is simply classified as 
adherent or nonadherent to a drug therapy; however, if the reasons 
for their nonadherence were better understood, intervention design 
to improve adherence could be more targeted, more optimized, and 
thus more successful.

Among the several self-report instruments designed to assess 
adherence to medication, the Maastricht Utrecht Adherence in 
Hypertension (MUAH) questionnaire8 provides valuable informa‐
tion about the reasons for a patient’s poor adherence. The MUAH, 

http://orcid.org/0000-0002-8529-9595
mailto:f-llimos@ff.ul.pt


     |  119CABRAL et al.

developed in 2006, is a patient-oriented questionnaire that ad‐
dresses cognitive and behavioral factors to assess adherence prob‐
lems in patients taking antihypertensive drugs. MUAH measures four 
adherence-related dimensions: positive attitude toward health care 
and medication, lack of discipline, aversion toward medication, and 
active coping with health problems. Prior studies have found a good 
internal consistency for each scale (Cronbach α: 0.75, 0.80, 0.63, and 
0.76, respectively).

However, probably because of the comparison of different adher‐
ence assessment methods and the difficulties in methodologically im‐
plementing them, data on convergent validity is difficult to interpret, 
with results falling below expectations. Primarily, these findings have 
not yielded significant associations between the sum scores of the four 
MUAH scales and electronic monitoring or pharmacy records. In addi‐
tion, the MUAH contains a large number of items, making its use diffi‐
cult in clinical practice. Furthermore, the MUAH does not have a global 
score, disabling a patient’s adherence classification. The creation of a 
shorter version of MUAH, with the same adherence dimensions but also 
the ability to obtain an overall score, would classify the causes of non‐
adherence and the level of adherence, thus improving its applicability.

The objectives of this study were to develop a short version of the 
MUAH questionnaire and compare its construct validity and factorial 
structure with a confirmatory factor analysis, as well as estimate its 
convergent validity.

2  | METHODS

This cross-sectional study was approved by the ethics committee of 
the Faculty of Medicine at the University of Coimbra (registration 
number: CE_105.2013). Study aims and procedures were explained to 
all potentially eligible patients. Study inclusion was validated for each 
patient after receiving their written informed consent.

2.1 | Data collection

Questionnaires were administered between March 2014 and 
September 2015 in a convenience sample of seven community phar‐
macies located in the central region of Portugal.

Patients were invited to participate in this study if they met the 
following criteria: attended one of the participating pharmacies, were 
older than 18 years, and were currently taking at least one antihyper‐
tensive drug. For qualified participants, data on personal and family 
history were collected and 8-item Morisky Medication Adherence 
Scale (MMAS-8) and Measure of Treatment Adherence (MAT) instru‐
ments were administered.

2.2 | MUAH questionnaire

The MUAH8 is a 25-item questionnaire scaled according to a seven-
point Likert scale ranging from “totally disagree” (1 point) to “totally 

agree” (7 points). The questions are grouped into four factors: factor I, 
positive attitude toward health care and medication; factor II, lack of 
discipline; factor III, aversion toward medication; and factor IV, active 
coping with health problems.

After obtaining permission from the authors, the MUAH was 
translated and back-translated to Portuguese, according to interna‐
tional guidelines.9,10

2.3 | The MMAS-8 test

The MMAS-811 consists of seven dichotomous items scored on a 
five-point Likert scale. Questions were formulated to avoid a “yes-
saying” or acquiescence bias. The last question is necessary to 
standardize the code (0–4), and the score is obtained by dividing 
by four. Patients are classified according to the score obtained as 
low adherent (score <6), medium adherent (score 6 to <8), and high 
adherent (score=8).

2.4 | The MAT test 

The MAT12 is a Portuguese instrument that consists of seven items 
scaled according to a six-point Likert scale, ranging from “always” 
(1 point) to “never” (6 points). The level of adherence is obtained by 
adding the values of each item and then dividing by the total number 
of items. Higher scores indicate a greater level of adherence. The clas‐
sification of patients as adherent or nonadherent is made according to 
scores near the median values.

2.5 | Statistical analysis

Data were analyzed using IBM SPSS version 20.0 and IBM AMOS ver‐
sion 20.0. Missing values were low (<2%) and replaced by the mean of 
the score of the item factor of each patient.

The development of the short version of the MUAH was based 
on statistical and theoretical decisions. The conceptual organization of 
the MUAH, consisting of four factors, was maintained. The reduction 
of the items was based on eliminating items with a weaker influence 
on each factor. Therefore, we examined the factor loadings of each 
item in its subscale by conducting an exploratory factor analysis for 
each subscale and extracting just one factor. These analyses and the 
theoretical importance of each item substantiated the decision regard‐
ing which items were kept in MUAH-16.

Next, the original version of the MUAH (model 1) was compared 
with the MUAH-16 (model 2) using the confirmatory factor analysis 
procedure. Finally, the MUAH-16 with all factors correlated (model 
2a) was compared with the MUAH-16 with four subscales that con‐
tribute to a higher order factor, a global factor of adherence (model 
2b) (Figure).

Convergent validity was assessed by evaluating the association be‐
tween the MUAH-16 global score and MMAS-8 and MAT, two other 
adherence measures.
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3  | RESULTS

A sample of 423 patients participated in this study, with a mean age of 
68.16±10.53 years and 225 (53.2%) women.

3.1 | Development of the MUAH-16

To develop the MUAH-16, we examined the loadings of all items in 
each subscale. These results are reported in Table 1.

F IGURE Maastricht Utrecht Adherence in Hypertension (MUAH) models tested with confirmatory factor analysis procedure
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The four items that had higher loadings in their respective subscale 
were maintained. For the subscale I (positive attitude toward health 
care and medication), four factors clearly had a better contribution 
to the subscale (items 3, 5, 7, and 35). All items had loadings higher 
than 0.20. For the subscale II (lack of discipline), all items had ade‐
quate loadings. However, to increase consistency between the items, 
we chose to maintain the items that contributed to the subscale in the 
same direction (items 23, 24, 26, and 36).

For the subscale III, (aversion toward medication), the same cri‐
teria was followed, ie, we retained the items that influenced the final 
subscale score in the same direction (items 9, 13, 14, and 16). Finally, 
for the subscale IV (active coping with health problems), the four items 
with the highest loadings were retained (items 20, 21, 22, and 39). 
Item 39 had a loading below the recommended cutoff (0.16), but, after 
examining its content, we decided that the item was an important item 
for its subscale and kept it in the MUAH-16.

The final version of the MUAH had 16 items, divided by four sub‐
scales, with two of them (subscales I and IV) assessing positive factors 
toward adherence to hypertensive medication and two of the them 
(subscales II and III) assessing negative factors toward adherence. As 
such, the theoretical structure of the questionnaire was maintained 
similarly to the original version. The factor loadings of the MUAH-16 
are reported in Table 2.

3.2 | Original MUAH vs MUAH-16

We compared the original version of the MUAH with the MUAH-16 
using confirmatory factor analysis. The original version of the MUAH 
was identified as model 1 and MUAH-16 as model 2.

Model 1 had a poor fit to the data (χ2269 = 663.41, P < .001, 
comparative fit index = 0.695, root mean square error of approxi‐
mation = 0.06). Model 2 had a very good fit to the data (χ2100 = 

TABLE  1 Factor loadings of original version of the Maastricht Utrecht Adherence in Hypertension questionnaire

Factor loadings

Item 1 2 3 4

Subscale 1: positive attitude towards health care and medication

3_I feel better taking medication every day 0.42 – – –

5_If I take my medication every day, I feel confident that my blood pressure is under control 0.59 – – –

7_The pros of taking medication weigh up against the cons 0.50 – – –

32_The information that my general practitioner gave me about taking my medication was satisfactory 0.24 – – –

33_The information the pharmacy gave me about taking my medication was satisfactory 0.17 – – –

34_I do not worry too much about my blood pressure if I take my medication every day 0.19 – – –

35_I think I contribute to the improvement of my blood pressure when I take my medication every day 0.43 – – –

43_When I worry too much about my health, I will try to find something to take my mind off it 0.03 – – –

Subscale 2: lack of discipline

18_I have persons in my surroundings that help me to take my medication – −0.33 – –

23_It happens that I am not sure whether I have taken my tablets – 0.26 – –

24_I have a busy life; that is why I sometimes forget to take my medication – 0.44 – –

25_I tend to forget my medication because I am not aware of having a high blood pressure – –0.59 – –

26_During holidays or weekends I sometimes forget to take my medication – 0.29 – –

36_I find it hard to stick to my daily regimen of medication taking – 0.45 – –

Subscale 3: aversion towards medication

9_When my blood pressure is under control during my medical checkups, I want to take less medication – – 0.69 –

11_I prefer homeopathic medication to lower my blood pressure – – 0.59 –

13_I dislike taking medication every day – – 0.49 –

14_I am afraid of side effects – – 0.35 –

16_I think it is not healthy for your body to take medication every day – – −0.28 –

Subscale 4: active coping with health problems

20_I take special care to do enough exercise to reduce the risk of getting cardiovascular diseases – – – 0.86

21_I eat less fat in order to avoid cardiovascular diseases – – – 0.85

22_I eat less salt in order to avoid cardiovascular diseases – – – 0.23

37_When I intend to live a healthy life, I almost always succeed on doing this – – – 0.16

39_I gather information about possibilities to solve health problems – – – 0.12

40_I am goal-oriented when solving health problems – – – 0.08
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171.07, P<.001, comparative fit index=0.92, root mean square error 
of approximation = 0.04). The comparison of the chi-square of both 
models (∆χ2169=492.34; P<.001) revealed that model 1 and model 
2 were significantly different, with model 2 reporting a better fit to 
the data.

3.3 | Model fit for the MUAH-16

Considering the importance of a global score of adherence, we com‐
pared the fit of the model of the MUAH-16 with all factors corre‐
lated (model 2a) to the MUAH-16 with a higher order factor, a global 
score of adherence, accounted for the variance of the four subscales 
(model 2b) (Figure). A chi-square difference of the model (∆χ22 = 4.06; 
P = .067) revealed that the fit of both models were not significantly 

Factor loadings

Item 1 2 3 4

Subscale 1: positive attitude towards health care and medication

3_I feel better taking medication every day 0.39 – – –

5_If I take my medication every day, I feel confident 
that my blood pressure is under control

0.51 – – –

7_The pros of taking medication weigh up against the 
cons

0.59 – – –

35_I think I contribute to the improvement of my blood 
pressure when I take my medication every day

0.42 – – –

Subscale 2: lack of discipline

23_It happens that I am not sure whether I have taken 
my tablets

– 0.31 – –

24_I have a busy life; that is why I sometimes forget to 
take my medication

– 0.47 – –

26_During holidays or weekends I sometimes forget to 
take my medication

– 0.20 – –

36_I find it hard to stick to my daily regimen of 
medication taking

– 0.47 – –

Subscale 3: aversion towards medication

9_When my blood pressure is under control during my 
medical checkups, I want to take less medication

– – 0.39 –

13_I dislike taking medication every day – – 0.67 –

14_I am afraid of side effects – – 0.47 –

16_I think it is not healthy for your body to take 
medication every day

– – 0.61 –

Subscale 4: active coping with health problems

20_I take special care to do enough exercise to reduce 
the risk of getting cardiovascular diseases

– – – 0.22

21_I eat less fat in order to avoid cardiovascular 
diseases

– – – 0.82

22_I eat less salt in order to avoid cardiovascular 
diseases

– – – 0.89

39_I gather information about possibilities to solve health 
problems

– – – 0.15

TABLE  2 Factor loadings of Maastricht 
Utrecht Adherence in Hypertension short 
version (MUAH-16)

TABLE  3 Comparison of the model fit for the MUAH-16 with 
correlated factors (model 2a) and with MUAH-16 with a higher order 
factor (model 2b)

Model 2a Model 2b

χ2 167.01 171.07

Degrees of freedom 98 P < .001 100 P < .001

CFI 92 92

RMSEA (CI) 0.41 (0.30-0.51) 0.41 (0.30-0.51)

SRMR 0.05 0.05

Abbreviations: CFI, comparative fit index; CI, confidence interval; MUAH-
16, Maastricht Utrecht Adherence in Hypertension short version; RMSEA, 
root mean square error of approximation; SRMR, standardized root mean 
squared residual.
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different. All other fit indices were also equivalent (Table 3). Therefore, 
both models were found to have a good fit to the data.

3.4 | Internal consistency

Internal consistency measured by Cronbach α for all items of a global 
scale was 0.64, and the item total correlation coefficient for the 16 
items ranged from 0.08 to 0.39.

Considering the four subscales, Cronbach α was 0.53, 0.36, 0.59, 
and 0.51 for subscales I, II, III, and IV, respectively.

3.5 | Convergent validity

The global mean score of MUAH-16 was 5.49±0.82. Regarding other 
adherence questionnaires administered, the mean MMAS-8 score was 
6.36±1.61 and the mean MAT score was 5.74±0.33.

Convergent validity was estimated by correlating both the global 
score and the four subscales of MUAH-16 with MMAS-8 and MAT. 
Both the global score and all of the subscales of MUAH-16 correlated 
positively and significantly with the MMAS-8 and MAT scores (Table 4).

4  | DISCUSSION

After performing an exploratory factor analysis together with theo‐
retical decisions, we obtained a short version of MUAH with 16 items 
that maintained the original conceptual organization in four subscales. 
Reducing the length of this questionnaire may facilitate its use in clini‐
cal practice. Although several instruments for assessing self-reported 
medication adherence exist, the original MUAH and its short ver‐
sion, the MUAH-16, also allow clinicians to identify the causes of 
nonadherence.

5  | STUDY STRENGTHS AND LIMITATIONS

The MUAH-16 presents a lower internal consistency than the origi‐
nal version8 (Cronbach α for MUAH-16 subscales I, II, III, and IV: 0.53, 

0.36, 0.59, and 0.51, respectively; Cronbach α for MUAH subscales I, 
II, III, and IV: 0.75, 0.80, 0.63, and 0.76, respectively). This limitation 
was expected as a result of the reduction of the number of items for 
each subscale. Another limitation of this analysis was the impact of 
test length on the Cronbach α value.13–15 In shorter scales, measures 
of unidimensionality, as factor analysis, are equally important to 
Cronbach α for homogeneity assessment of the instrument. Indeed, 
internal consistency is a necessary but insufficient condition for mea‐
suring homogeneity in a sample of test items.13 Thus, by reducing 
the number of items in each subscale to four, a reduction in α values 
was expected. Nevertheless, the evaluation of confirmatory factor 
analysis for both models shows that MUAH-16 is a better fit than the 
original. This finding suggests that MUAH-16 better represents each 
adherence dimension.

The original version of MUAH does not provide a global score. 
Higher scores obtained in each subscale indicate higher positive at‐
titudes toward health care and medication, stronger discipline, lower 
aversion toward medication, and more active coping with health 
problems.8 The authors found correlations between adherence and 
subscale II (lack of discipline) and between adherence and subscale I 
(positive attitude toward health care and medication). Thus, a higher 
score in subscale II suggests a higher probability of a patient being 
poorly adherent. Alternately, patients with a higher score on subscale 
I had a significantly lower probability of being poorly adherent. To ob‐
tain a global score of adherence, we hypothesized a model in which 
subscales I and IV contribute positively to adherence (eg, “I feel better 
taking medication every day”), and subscales II and III are negatively 
associated with adherence (eg, “I find it hard to stick to my daily regi‐
men of medication taking”). Thus, in the statistical analysis, the score 
obtained in subscales II and III was reversed (items 9, 13, 14, 16, 23, 
24, 26, and 36 were reverse scored: “totally disagree,” 7 points; “totally 
agree,” 1 point). After comparing the fit of the model of MUAH-16 
with all factors correlated to the fit of the model of MUAH-16 with a 
global score of adherence, the chi-square difference of the model re‐
vealed that the fit of both models were not significantly different and 
that all other fit indices were also equivalent. Thus, both models have 
a good fit to the data, suggesting MUAH-16 successfully assesses a 
patient’s adherence.

This fact was also supported by convergent validity analysis, in 
which MUAH-16 global score of adherence was correlated with 
MMAS-8 and MAT, two other adherence instruments.

The convenience sample of seven pharmacies hampered any in‐
ference from the descriptive data. Because we used this convenience 
sample only to assess the psychometric characteristics of the MUAH-
16, any generalization is not appropriate.

6  | CONCLUSIONS

The MUAH-16 measures adherence-related dimensions and global 
adherence to antihypertensive medication. This measure can be easily 
applied in a clinical setting, giving health professionals more extended 
information about the patient’s reasons for poor adherence and 

TABLE  4 Correlation between MUAH-16 and MMAS-8 and MAT

MMAS-8 MAT

Subscale 1: positive attitude towards health 
care and medication

0.28* 0.23*

Subscale 2: lack of discipline 0.44* 0.40*

Subscale 3: aversion towards medication 0.32* 0.32*

Subscale 4: active coping with health 
problems

0.12 0.10

Global MUAH-16 score 0.45* 0.41*

Abbreviations: MAT, Measure of Treatment Adherence; MMAS-8, 8-item 
Morisky Medication Adherence Scale; MUAH-16, Maastricht Utrecht 
Adherence in Hypertension short version.
*P < .001, and all other values P<.05.
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allowing the development of more targeted interventions to improve 
adherence to antihypertensive medication.
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