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Summary
Objective: It is estimated that in one year between 50‐60% of patients treated with osteoporosis drugs are non‐com‐
pliant. There are different indirect methods of assessing compliance. Our objective is to test a single determination of
the carboxyterminal telopeptide of type I collagen (CTX) to assess compliance in patients treated with bisphosphonates,
either on its own or together with the Morinsky‐Green questionnaire.
Material and method: A diagnostic assessment study was carried out in 10 centers in Catalonia. Through consecutive
sampling, postmenopausal women with osteoporosis were selected and treated with the same antiresorptive drug in
the last year. Those treated with a drug other than bisphosphonate, with cognitive impairment, terminal illness, advanced
renal failure or fracture in the previous year, were excluded. Data were collected on the diagnosis of osteoporosis and
type of treatment. Analysis was requested with CTX determination. As a gold standard, the medication possession rate
(MPR) was used. Using the ROC curve methodology, the theoretical CTX cut‐off point was established. Sensitivity, spe‐
cificity and positive predictive values were calculated to estimate therapeutic compliance.
Results: 100 patients were included, of which more than half were being treated with alendronate. According to the
MPR, 70% were compliant. The mean CTX value was 0.193±0.146 ng/ml. It was lower in the compliant patients. A value
of 0.196 ng/ml was established as a cut‐off point to assess compliance. The joint assessment of the CTX together with
the Morinsky‐Green questionnaire showed greater discriminatory capacity.
Conclusions: Carrying out a single determination of CTX (<0.196 ng/ml) along with the Morinsky‐Green questionnaire
allows us to more accurately assess the therapeutic compliance in patients treated with bisphosphonates.
Key words: osteoporosis, bisphosphonates, therapeutic compliance, bone remodeling markers.
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INTRODUCTION
Osteoporosis is a metabolic disease characterized by low
bone mass and microstructural deterioration of the bone
tissue that leads to increased bone fragility. The main
complication involves the appearance of fragility fractu‐
res1. Osteoporotic fractures are an important health pro‐
blem2 associated with high healthcare costs3. To prevent
the appearance of fractures, different drugs are available
that act on bone metabolism and are associated with re‐
duced fracture risk4. The most commonly used in Spain
are bisphosphonates5. However, in order to observe this
protective effect, adequate therapeutic compliance is re‐
quired6. In osteoporosis, as in all chronic diseases, com‐
pliance is low. In a recent study conducted in Spain, the
overall persistence per year after commencing osteopo‐
rosis drug is 47%, and at two years, close to 27%7.
Therefore, correctly assessing therapeutic com‐
pliance is necessary in our consultations to ensure an
adequate effect in reducing the risk of fracture. Classi‐
cally, self‐administered surveys have been used to assess
therapeutic compliance, such as Morisky‐Green and
Haynes‐Sackett questionnaires, although the latter tends
to overestimate compliance8. In recent years, thanks to
health system computerization, it is possible in certain
cases to have access to drug dispensing data, so that the
medication possession rate (MPR) can be calculated.
This is used in many pharmaco‐epidemiological stu‐
dies9‐12, but not always available in day‐to‐day consulta‐
tions.
Another possible way to assess compliance involves
using bone remodeling markers, although there is little
evidence in this regard and requires different determi‐
nations13. Determining carboxyterminal telopeptide of
type I collagen (CTX) as a marker of resorption and of
the amino terminal propeptide of type I procollagen
(P1NP) as a formation marker is recommended14.
Our aim is to verify the usefulness of a single CTX de‐
termination to assess compliance in patients treated with
bisphosphonates (the most prescribed drugs) for at least
one year, in isolation or together with a classic therapeutic
compliance questionnaire, such as Morisky‐ Green.

MATERIAL AND METHOD
Study design
Diagnostic validation study carried out in 9 urban primary
care centers of the Catalan Health Institute in Barcelona
and the Hospital del Mar, between January and December
2012. Accepting 95% confidence and assuming 55% of
non‐compliers a sample of 93 patients would detect a sen‐
sitivity of 80% with an accuracy of 10%.
Participants
Through consecutive sampling, all patients with postme‐
nopausal osteoporosis and treatment with a drug for os‐
teoporosis were selected at least during the last year to
complete a total of 115 patients, to cover possible losses.
Patients who were treated with an anti‐resorptive drug
different from an oral bisphosphonate, with cognitive
impairment, terminal illness, or advanced chronic renal
failure (glomerular filtration <35 ml/min), or who had
presented a fracture in the year prior to inclusion were
excluded.
Study variables
Information was collected on age, diagnosis of osteopo‐
rosis, study with bone densitometry and the presence of

previous fractures. Regarding the osteoporosis treat‐
ment, the type of drug was collected, the dosage and the
conditions of intake, as well as the use of calcium and/or
vitamin D supplements. To assess the therapeutic com‐
pliance, the calculation of the MPR through pharmacy
dispensing data in the year prior to inclusion. For its cal‐
culation, the following formula was used:
MPR = (number of presciptions collected in the last
12 months x days covered by each prescription)/365.
In accordance with available pharmaco‐epidemiolo‐
gical studies, an MPR ≥0.8 is considered an indicator of
therapeutic compliance15. The self‐administered thera‐
peutic compliance questionnaire of Morinsky‐Green was
also carried out.
CTX plasma determination was requested, measured
by ELISA method, an electrochemiluminescence immu‐
noassay (ECLIA) from Roche that uses two monoclonal
antibodies, analyzed in the MODULAR ANALYTICS E170
autoanalyzer (Roche). The intraseries coefficient of va‐
riation value is 2.5% and the interseries value is 4.1%.
The reference values of the test are: 0.01‐1.008 ng/mL.
Within a one‐month period before the visit of the physi‐
cian, the determination was carried out.
Statistic analysis
The characteristics of the studied population are descri‐
bed by univariate descriptive analysis, calculating mean
and standard deviation for continuous variables and ab‐
solute frequency and percentage for categorical variables.
The Chi‐square test was used to compare proportions and
the Student's T test was used to compare means.
The receiver operator characteristics (ROC) curve
methodology was used to determine the area under the
curve and the theoretical CTX cut‐off point with the best
sum of sensitivity and specificity. Sensitivity, specificity,
and positive (VPP) and negative predictive values (NPV)
were calculated to estimate therapeutic compliance by:
1) Morisky‐Green questionnaire, 2) CTX cut‐off point
and 3) joint assessment of the Morisky‐Green and the
CTX value. To assess the concordance between the dif‐
ferent systems to assess compliance, the Kappa coeffi‐
cient was used.
All statistical tests were carried out with a confidence
interval (CI) of 95%. The statistical package SPSS ver‐
sion 13.0 for Windows and EPIDAT (program for epide‐
miological analysis of data) Version 3.1 was used for all
analyzes.
Ethical aspects
The study was carried out following Declaration of Hel‐
sinki principles, the standards of good clinical practice,
and as proposed in the Guide of Good Practices in Health
Science Research of the Catalan Institute of Health (Se‐
cond edition)16. Informed consent was requested from
patients. The contact and personal data of the participa‐
ting patients were only accessible to the study investi‐
gators.

RESULTS
Of the 115 patients selected, 15 were excluded for taking
a drug other than an oral bisphosphonate (9, strontium
ranelate and 6, raloxifene). The baseline characteristics
are shown in table 1, with a higher proportion of densi‐
tometries prior to treatment and a lower proportion of
patients treated with alendronate in the group of com‐
pliant patients. In 11 women, different errors were iden‐
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tified in the taking of the medication (an error in the ta‐
king of the medication –not on an empty stomach– an
error in the medication taking method –with milk– and
10 errors in the waiting time of fasting). As in these 11
cases, the MPR was <0.8 and, therefore, they were con‐
sidered non‐compliant, and thus not excluded from the
analysis.
The therapeutic compliance valued by the MPR was
70% (Table 2), with no differences in the proportion of
compliers, according to whether the treatment was weekly
or monthly (68.2% vs. 73.5%, p=0.580). The compliance
assessed by the self‐administered Morinsky‐Green ques‐
tionnaire was 73%, with a moderate agreement compared
to the MPR assessment (Kappa coefficient=0.436).
The mean value of the determination of CTX was
0.193±0.146 ng/ml (median=0.158 ng/ml), with lower pa‐
tients compared to non‐compliant patients (0.182±0.143
ng/ml vs. 0.2190±0.152 ng/ml; p=0.247). A cut‐off point
of CTX of 0.196 ng/ml was the one that presented a better
sensitivity and specificity for the diagnosis of therapeutic
compliance. Considering this CTX value, the therapeutic
compliance was 64%, with a low concordance compared
to the MPR assessment (Kappa coefficient=0.234). When
considering the result of the Morinsky‐Green questionnaire

together with the value of the CTX, compliance was 51%,
with a moderate agreement (Kappa coefficient=0.415).
Table 3 shows the values of sensitivity, specificity and
predictive values of the different forms used to estimate
therapeutic compliance. The area under the ROC curve
(95% CI) for the Morisky‐Green questionnaire was
0.7119 (0.6127‐0.8111), and 0.6238 (0.5185‐0.7291)
for the evaluation by a CTX cut‐off of 0.196 ng/ml (Fi‐
gure 1). When considering the result of the Morisky‐
Green questionnaire together with the value of the CTX,
the area under the ROC curve was 0.7452 (0.6573‐
0.8332), somewhat higher than if we only consider the
Morisky‐ Green result (p=0.622) (Figure 2).

DISCUSSION
In our sample of patients treated with the same bisphos‐
phonate for at least the last year, a CTX determination of
less than 0.196 ng/ml is an indicator of therapeutic com‐
pliance in the last year, with a moderate discriminating
capacity, lower than the discriminative capacity of the Mo‐
risky‐Green survey. Their joint assessment (CTX <0.196
ng/ml and Morisky‐Green) improves the discriminative
capacity, being a good option to assess the therapeutic
compliance in the consultations. In a recent consensus do‐

Table 1. Baseline characteristics in the total number of patients and according to treatment compliance
Patients
total
(n=100)

Patients
compliant
(n=70)

Patients
non-compliant
(n=30)

Value of p

72.04±7.96

72.49±7.64

71.0±8.73

0.366

Registered diagnosis of osteoporosis, N (%)

99 (99)

69 (98.6)

30 (100)

0.511

Registered densitometry before treatment, N (%)

94 (94)

69 (98.6)

25 (83.3)

0.003

Fracture before to inclusion, N (%)

54 (54)

36 (51.4)

18 (60)

0.431

Prescribed drug: N (%)
Alendronate
Risedronate
Ibandronate

51 (51)
30 (30)
19 (19)

31 (44.3)
24 (23.3)
15 (21.4)

20 (66.7)
6 (20.0)
4 (13.3)

0.004
0.153
0.344

Use of CaD

96 (96)

67 (95.7)

29 (96.7)

0.824

Variable

Age (years), mean ± SD

CaD: calcium and vitamin D supplements.

Table 2. Assessment of therapeutic compliance according to the MPR
Classification of compliance according to MPR; N (%)
≥ 0.8

Between 0.6 and 0.8

Between 0.4 and 0.6

≤ 0.4

General

70 (70.0)

16 (16.0)

7 (7.0)

7 (7.0)

Alendronate

31 (60.8)

14 (27.4)

3 (5.9)

3 (5.9)

Risedronate

24 (80.0)

1 (3.3)

2 (6.7)

3 (10.0)

Ibandronate

15 (78.9)

1 (5.3)

2 (10.5)

1 (5.3)
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Table 3. Sensitivity values, specificity and predictive values for the different tools to estimate therapeutic compliance
(95% CI)
Sensitivity

Specificity

VPP

NPV

Morinsky‐Green

56.7 (37.3‐76.1)

85.7 (76.8‐94.6)

62.9 (42.9‐83.0)

82.2 (72.7‐91.6)

CTX

53.3 (33.8‐72.8)

71.4 (60.1‐82.7)

44.4 (26.8‐62.1)

78.1 (67.2‐89.0)

MG+CTX

83.3 (68.3‐98.3)

65.7 (53.9‐77.5)

51.0 (36.0‐66.0)

90.2 (81.1‐99.3)

VPP: positive predictive value; NPV: negative predictive value; MG+CTX: Morinsky‐Green and CTX.

Figure 1. ROC curves to assess therapeutic compliance using the Morisky-Green
questionnaire (A), the CTX (B) and the Morisky-Green combination with the
CTX (C)
(A)
1.0

Sensitivity

0.8
0.6
0.4
0.2
0.0
0.0

0.2

0.4
0.6
1 ‐ specificity

0.8

1.0

0.0

0.2

0.4
0.6
1 ‐ specificity

0.8

1.0

0.0

0.2

0.4
0.6
1 ‐ specificity

0.8

1.0

(B)
1.0

Sensitivity

0.8
0.6
0.4
0.2
0.0

(C)

1.0

Sensitivity

0.8
0.6
0.4
0.2
0.0

cument13, the initial and three‐
month determination of bone
remodeling markers (CTX and
P1NP) was recommended to
assess non‐compliance based
on the observed change (de‐
crease of 56% of CTX and 38%
of P1NP). But this requires two
determinations of two markers,
which are not always accessible
for primary care laboratories. In
addition, it does not allow for
assessing compliance in those
patients who have already star‐
ted treatment and there is no
baseline available, nor does it
allow analyzing noncompliance
over time.
Their specific determina‐
tion, along with the administra‐
tion of a classic therapeutic
compliance questionnaire, that
of Morisky‐Green, present the
best sensitivity and the best ne‐
gative predictive value for the‐
rapeutic compliance.
In our sample, the observed
therapeutic compliance (mea‐
sured according to the MPR)
was high, 70%, much higher
than that observed in our envi‐
ronment by different observa‐
tional studies7. One of the
possible explanations is that
our study was not designed to
assess the proportion of thera‐
peutic compliance in our popu‐
lation and, therefore, random
sampling was not carried out.
In addition, more than half of
the patients included had a
previous fracture, although
there were no significant diffe‐
rences in the percentage of pa‐
tients with previous fractures
between compliant and non‐
compliant subjects. The pre‐
sence of previous fractures is
associated with higher rates of
therapeutic compliance11.
One of every ten patients
errors was observed in the co‐
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Figure 2. Comparison of ROC curves to assess compliance using the Moriskyrrect way of taking the medica‐
Green questionnaire (MG) or the combination of MG and CTX
tion, a fact that in itself implies
therapeutic
noncompliance.
ROC curve
These patients were not excluded
1.0
from the analysis since in all cases
the MPR was less than 0.8 and all
0.9
would be classified as non‐com‐
0.8
pliant. As expected, the value of
0.7
the CTX in these cases was not di‐
0.6
minished since the absorption of
the drug would be diminished. In
0.5
the event that the MPR had been
0.4
equal to greater than 0.8, the pa‐
0.3
tient would have been considered
0.2
as a non‐compliant patient. As
this situation has not occurred,
0.1
they have not been excluded from
0.0
the study. Clear and concise infor‐
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
mation about the drug’s adminis‐
1 ‐ specificity
tration is required, as well as
MG
MG+CTX
ensuring correct understanding
of it, since an incorrect intake
considerably decreases the ab‐
sorption of the active principle and, therefore, the expected
Any patient with an MPR of less than 80% has been
anti‐fracture effect.
considered non‐compliant, but not whether the non‐
Unlike what was observed in previous studies carried
withdrawal of medication occurred in the first or last
out in the primary care field in Spain, where the diagno‐
months of the period prior to the CTX determination.
sis of osteoporosis was between 60‐70%17,18 and the
This fact could have an impact in the CTX value.
densitometry before diagnosis was approximately
Another limitation is that, once a CTX cut‐off point is
65%17‐ 19, in our study, both records were greater than
available to assess compliance, another patient sample
90%. This greater registry can be explained in part to a
should be checked to confirm that similar results are ob‐
better registry of diseases and results over time, and to
served.
the fact that the patients included were assigned to doc‐
As a strength, the fact that it is a single CTX determi‐
tors more aware of osteoporosis. This greater awareness
nation and that can be carried out at any time, together
of the professional with the condition could explain, in
with the completion of a compliance questionnaire, fa‐
part, higher observed rates of compliance than that des‐
cilitates better compliance assessment of patients trea‐
cribed in other population‐based studies7,10.
ted with bisphosphonates, although they have been
One of this study’s limitations is the way in which the‐
taking it for a long time.
rapeutic compliance is valued through pharmacy billing
CONCLUSIONS
data since they are not a direct indicator that the patient
actually takes the medication, but exclusively that it
The joint assessment of a single determination of the
withdraws from the medication. pharmacy. In the ab‐
CTX and the Morisky‐Green questionnaire presents a
sence of direct methods to assess compliance, this is the
better discriminative capacity to assess therapeutic
most approximate and recommended measure to assess
compliance. A CTX value of less than 0.196 ng/ml is the
compliance.
one with the best sensitivity and specificity.
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