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do not necessarily indicate inadequate pain
management: a cross-sectional study
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Abstract

Background: The Pain Management Index (PMI) is widely used in the assessment of pain management, and
negative scores are traditionally considered to indicate inadequate pain management. However, it is not known
whether negative PMI scores are always problematic.

Methods: In this prospective observational study, we examined the data of 1156 patients with cancer and pain who
were hospitalized in a cancer care hospital in Japan from July 2012 to January 2015 and compared the proportion of
patients with PI across various PMI scores in this cohort. We further evaluated the predictive validity of PMI scores for PI
using different cutoffs. This study aimed to examine the association between PMI scores and the proportion of
patients whose pain interferes with their daily lives (i.e., pain interference [PI]).

Results: We found that lower PMI scores were generally associated with a higher percentage of patients with
PI. A smaller proportion of patients with PMI scores of − 1 (567/1550, 36.6%) reported PI compared with
those with PMI scores of 0 (788/1505, 52.4%). The sensitivities of PMI scores < − 1 and < 0 for predicting PI were 0.16
and 0.37 and the corresponding specificities were 0.95 and 0.71, respectively.

Conclusions: These findings suggest that PMI scores are inversely associated with the proportion of patients with PI.
However, PMI scores of − 1 do not always indicate inadequate pain management; pain management should therefore
be evaluated from multiple perspectives.
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Background
A substantial proportion of patients with cancer experi-
ence pain [1], which sometimes interferes with their
daily lives and affects their mental health [2, 3]. As
stated in the World Health Organization (WHO) guide-
lines on pain relief and palliative care, assessment of
pain and providing appropriate treatment for it are
important aspects of pain management [4]. Systematic
evaluation is indispensable for ensuring appropriate
pain management.

The Pain Management Index (PMI) is used worldwide
to evaluate cancer pain management [5]. The PMI evalu-
ates pain management by reflecting the balance between
the class of the most potent analgesics used/prescribed
and the patient’s reported pain intensity. Analgesic drugs
and pain intensity are assigned scores of 0 to 3; subtract-
ing the latter from the former provides the PMI. Thus,
when the score for pain intensity is larger than the
analgesic drug score, the PMI is negative; this has trad-
itionally been considered to indicate inadequate pain
management [6]. In a systematic review published in
2008, the prevalence of negative PMI scores among pa-
tients with cancer was reported as 43% worldwide, and
higher in Asia [5]. A more recent report, published in
2014, showed slight improvement, the prevalence of
negative PMI scores being 31.8% [7]. However, according
to conventional criteria, this means that approximately
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one third of patients still do not receive pain medication
that is proportional to their pain intensity [7].
Another indicator for evaluating pain management is

pain interference [PI], defined as whether pain interferes
with daily life. The Brief Pain Inventory (BPI), another
popular instrument for assessing pain, assesses the in-
tensity of pain and interference from pain in seven areas
of daily life [8]. PMI and BPI scores are often used to as-
sess patients’ pain status and the adequacy of analgesia
[3]. The intensity of pain reflects only the pain, whereas
the PI assesses the effectiveness of pain management by
using measures like the PMI.
According to Deandrea et al., the process–outcome

link is an important validity check for any performance
measure [5]. However, the relationship between PMI
and PI scores in patients with cancer has not been evalu-
ated since the PMI was first developed in 1994, when
Cleeland et al. compared PI scores between patients with
negative PMI scores and those with scores of ≥zero [6].
However, a non-negative PMI value does not necessarily
mean that the patient’s pain management is appropriate,
because PMI only looks at the analgesic classes and the
levels of pain. [9–11]. The further steps of analgesic
choice and appropriate dosage are necessary to achieve
appropriate pain management. In addition, negative PMI
scores may not indicate inadequate pain management in
patients without PI. This possibility was raised during
the process of practice reviews of pain management in
our institution. Several clinicians whose pain manage-
ment practice was considered inadequate based on the
PMI are opposed to the criteria, claiming that “inad-
equate pain management” is a false accusation because
patients whose PMI scores were − 1 are not necessarily
troubled by pain.
We performed this study to test these clinicians’ claims

by analyzing in more detail the overall trend in PI scores
across various PMI and PI scores. We aimed to assess
the performance of the PMI as an indicator of the qual-
ity of pain management by relating the scores to PI, an
outcome measure of pain management. We also ex-
pected that differences in prevalence of PI across PMI
scores would provide insights on the how PMI scores
should be used to assess quality of pain management.

Methods
Setting, participants, and data collection
Participants were recruited for this study from patients
with cancer who were hospitalized at Aomori Prefectural
Central Hospital, a general hospital in rural northern
Japan, between July 2012 and January 2015. This hospital
has approximately 700 beds and provides care to ap-
proximately 1200 new patients with cancer annually. All
patients aged 20 years and older with a diagnosis of can-
cer who had cancer-related pain or had taken any

analgesic medications in the past 24 h were invited to
participate, provided their primary physicians assessed
that they were capable of participating in the study. Par-
ticipants were asked by staff nurses about pain and
cancer-related PI as part of routine care during morning
rounds every day. The patients’ reports on pain status
during hospital days 1 to 7 were analyzed. Medications
used were recorded by a staff nurse, who also documented
the cause of pain (e.g., cancer- or treatment-related).

Measures and definitions of variables
Pain and pain interference [PI]
Patients who had experienced cancer-related pain or
taken any analgesic drugs in the past 24 h were eligible
for the study. Given that patients with cancer can ex-
perience pain caused by various factors, including cancer
itself, treatment, and coexisting illness [12], patients with
pain other than cancer-related pain were excluded.
PI was defined as cancer pain that resulted in the

patient feeling troubled or being incapable of doing
something. Participants were asked a single question
“Do you have trouble with pain or is there anything
you cannot do because of pain?” They could respond
“yes” or “no” [13].

Pain management index
Pain intensity can be determined at its strongest, as the
average amount of pain in the past 24 h, or at rest and
in motion. The strongest pain in the past 24 h was
chosen as the basis for the PMI, in accordance with the
original method of Cleeland et al. [6]. Pain intensity was
reported on a numerical rating scale (NRS) from 0 to 10,
with zero denoting no pain and 10 the worst pain im-
aginable. Information on prescribed analgesics (name,
dose, frequency, and routes of administration) was col-
lected from the medical record and patients’ responses
to the staff nurses’ questions.
PMI scores were calculated by subtracting the pain

score from the analgesics score as in the WHO pain re-
lief ladder [6]. An NRS was used to ascertain the worst
pain intensity and these scores used to create the follow-
ing four categories of pain intensity: no pain (pain score
0; 0 on NRS); mild pain (pain score 1; 1–4 on NRS),
moderate pain (pain score 2; 5 or 6 on NRS), and severe
pain (7–10) [14]. An analgesic score based on the most
potent analgesic prescribed to the patient at the time
of the survey was assigned according to the WHO
pain relief ladder as follows: 0, no analgesic medica-
tion; 1, non-opioid analgesics, such as non-steroidal
anti-inflammatory drugs or acetaminophen; 2, weak
opioids; and 3, strong opioids. Analgesics not classi-
fied in the WHO pain relief ladder were assigned an
analgesic score of “0”.
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Data analysis
The proportion of patients with PI for each PMI score
from − 3 to + 3, overall, and stratified by hospital day
were calculated, after which the trend in proportion of
patients with PI for each PMI score was assessed by
using the Cochran–Armitage test. A P value of less than
0.05 was considered to indicate statistical significance.
To further clarify the relationship between PMI scores
and PI, the distribution of pain intensity experienced
within each PMI score category was calculated. For the
comparison of proportions of patients with the PI across
categories, Pearson’s chi-square test was used. Because
the ultimate target of pain management is to eliminate
PI, the PMI can be viewed as a tool that tests “inad-
equate pain management” and thus assesses the process
of achieving this target. Therefore, sensitivities and spec-
ificities of PMI < − 1 and PMI < 0 for predicting PI were
computed. Although PMI < 0 is the conventional criter-
ion for inadequate pain management, a PMI of − 1 is a
looser criterion. The sensitivity of the PMI score was de-
fined as the proportion of patients with PI who actually
scored positive (i.e., PMI < − 1 or PMI < 0), and the spe-
cificity was defined as the proportion of patients without
PI who scored negative (i.e., PMI > = − 1 or PMI > =0).
All analyses were performed with Stata version 13.1
(StataCorp LP, College Station, TX, USA).

Results
Characteristics of study patients
Of 7369 patients with cancer who agreed to be screened
for pain as potential participants in the study, 2692 re-
ported experiencing some pain on admission. Among
the 1200 patients whose pain was attributable to cancer,
1156 reported pain on the NRS and were eligible for
analysis. A total of 6732 responses about pain from these
1156 patients were analyzed (Fig. 1. On average, patients
reported pain on the NRS 5.8 times). Table 1 presents
these patients’ characteristics and condition on the first
hospital day. Their mean age was 62.9 years (SD,
11.6 years) and 500 (43.3%) were women, 71.9% of them
had a performance status of 0 or 1, 33.8% of them
were not given prescriptions for analgesics, a little
less than half of whom (41.2%) reported mild pain
and 20.1% no pain. The average NRS value of patients
with PI was 5.2, whereas that of patients without was
2.0 (P < 0.001).

Relationship between PMI scores and PI
Figure 2 shows the proportions of patients who reported
PI according to PMI score. Overall, there was a signifi-
cant trend toward lower PMI being associated with a
higher proportion of patients with PI (P < 0.001). A large
proportion of patients with PMI scores of − 2 or − 3 re-
ported PI, whereas this proportion was much smaller

among those with PMI scores of − 1, approximating
the proportions of those with positive PMI scores of
1 or 2; no patients with positive PMI scores of 3 re-
ported PI. The proportion of patients with PI was
lower for those with PMI scores of − 1 than for those
with PMI scores of 0 (P < 0.001). Figure 3 shows the
same analyses as Fig. 2, stratified by hospital day (1–
7); the graphs are of similar shape as that in Fig. 2.
Except for on days 3 and 6, the proportion of pa-
tients reporting PI was greater in those with PMI
scores of − 3 than in those with PMI scores of − 2;
on days 3 and 6 the findings for these PMI scores
were reversed.

Distribution of pain intensity and PI according to category
of PMI scores
Figure 4 shows the distribution of pain intensity in pa-
tients with PMI scores ≤0. Most (78.7%) patients with
PMI scores of − 1 had mild pain; 18.2% and 3.2% and
had moderate and severe pain, respectively. However,
38.0% of patients with PMI scores of 0 had severe pain
(38.0%). Table 2 shows the proportion of patients with
PI according to category of PMI score or pain intensity
group. At the same levels of PMI scores, there was a lar-
ger proportion of patients with greater pain intensity re-
ported PI, indicating correct estimation of PI.
The sensitivities of PMI scores < − 1, < 0 and < 1 for

predicting PI were 0.16, 0.37, and 0.67, respectively; the
corresponding specificities being 0.95, 0.71, and 0.53,
respectively.

Discussion
Negative PMI scores are widely accepted as indicating
inadequate management of pain, whereas non-negative

Fig. 1 Flow diagram of the study
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(0 to 3) scores are thought to denote acceptable pain
management [5, 7, 11, 15, 16]. Indeed, we found a trend
toward the proportion of PI decreasing as PMI scores
increased, and that a large proportion of patients with
PMI scores of − 2 or − 3 reported PI. However, we found
that a larger proportion of patients in the group with
PMI scores of 0 reported PI than in the group with PMI
scores of − 1. This finding indicates that patients with a
PMI score of − 1, traditionally considered as “treated in-
adequately”, were experiencing less interference with
daily living than those with PMI scores of 0, usually con-
sidered as receiving “acceptable pain management”.

This finding suggests caution must be exercised when
evaluating pain management using the PMI. A PMI
score of − 1 should be considered as ambiguous, rather
than denoting inadequate pain management, and treated
differently according to the purpose of the evaluation.
When the aim is to identify definitively inadequate care,
PMI scores of − 2 and − 3 should be considered, and not
scores of − 1. However, when the aim is to broadly cap-
ture potentially deficient care for further evaluation, pa-
tients with scores of 0 and − 1 should be included. In
previous studies that used the PMI to evaluate the
quality of pain management, all negative PMI scores
were considered to denote inadequate pain manage-
ment [5, 7, 11, 15, 16]. Thus, the criteria may need
to be re-assessed according to the purpose of admin-
istering the PMI. Additionally, to take the other per-
spective, non-negative PMI scores do not necessarily
indicate acceptable care: a substantial proportion of
patients with PMI scores of 0–2 reported PI. Al-
though we do not have information on the severity of
that PI, these patients warrant attention [9–11].
The explanation for fewer persons with PMI scores of

− 1 having PI than those with PMI of 0 may relate to the
difference in distribution of pain intensity experienced
by these patients. Most patients with PMI scores of − 1
had untreated mild pain, whereas those with PMI scores
of 0 had a more balanced distribution of mild and severe
pain. A possible reason for this finding is that patients
with some mild pain decline pain medications because
they have no PI, or because of cost or other reasons; this
may be true of the group of patients with PMI scores of
− 1 in our study. Scenarios such as patients with mild
pain receiving no analgesics versus patients with moder-
ate or severe pain taking appropriate classes of analge-
sics require more attention when exploring how to
improve pain management. Assessment of quality of

Fig. 2 Relationship between PMI scores and pain interference (sum
of all days). The percentages are of patients with PI at each level of
PMI score. P value: Cochrane-Armitage test for trend was performed

Table 1 Relevant clinical characteristics (n = 1156)

Age — mean ± SD 62.9 ± 11.6

Female sex — no. (%) 500 (43.3)

Hospitalized Department no. (%)

Surgery 227 (19.6)

Gastroenterology 400 (34.6)

Respiratory Meds 213 (18.4)

Hematology 87 (7.5)

ENT 71 (6.1)

Urology 58 (5.0)

Gynecology 86 (7.4)

Other 14 (1.4)

Analgesicsa — no. (%)

None 391 (33.8)

Non opioids 321 (27.8)

Mild opioids 47 (4.1)

Strong opioids 397 (34.3)

Performance Status — no. (%)

0 456 (39.5)

1 374 (32.4)

2 159 (13.8)

3 118 (10.2)

4 49 (4.2)

Treatment history — no. (%)

Surgery 463 (40.1)

Chemotherapy 671 (58.0)

Radiation therapy 244 (21.1)

NRS — no. (%)

0 (No pain) 232 (20.1)

1–4 (Mild pain) 476 (41.2)

5–6 (Moderate pain) 191 (16.5)

7–10 (Severe pain) 257 (22.2)
aClassification according to the WHO’s pain relief ladder. Non-opioids included
non-steroidal anti-inflammatory drugs or acetaminophen. Analgesics not
classified in the WHO’s pain relief ladder, such as adjuvant analgesics, were
assigned to “none” in this study
NRS numerical rating scale
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pain management by the PMI at best reflects only one
aspect of the multidimensional factors involved in pain
and pain management.
Our study has several limitations. First, it was con-

ducted in a single facility in rural Japan, is a cancer care
hospital that plays a central role in cancer diagnosis and
treatment in a prefecture of Japan. Most of the patients
with cancer were in the early stages and receiving active
anti-tumor treatment. Thus, our results may not be
generalizable to other settings, such as hospitals in large
cities that have a higher proportion of patients receiving
end-of -life care. However, even in different types of set-
tings, we consider that not all negative PMI scores indi-
cate inadequate pain management. Evaluation needs to
be more comprehensive and consider various factors.
Second, we used PI as a dichotomous variable, that is,
we did not take into account the extent of PI. PI may be
more severe in patients with large negative PMI scores
than those with other scores. Assessing only the propor-
tion of patients reporting PI may have resulted in missing
some important aspects of the problems. Additionally, the

simplicity of the single question used to assess PI meant
that it did not go through as rigorous a validation process
as when developing the measurement tool. It is possible
that some patients misunderstood the PI question. How-
ever, the mean value of the NRS of pain in the no PI pa-
tients was substantially lower (mean 2.0) than that of
patients with PI (5.4). Third, PI is a subjective measure
and can therefore be affected by patients’ personal percep-
tions of pain, expectations of their own function, their
ability to coping with their pain, and lifestyles. An example
of this is that bedridden patients may have low expecta-
tions concerning function and may therefore report no
interference by pain. Additionally, PI has the limitation
that patients sometimes have difficulty in distinguishing
interference by pain itself from limitation by other factors,
such as their general physical condition. Furthermore,
similar to other outcome measures (e.g., survival), PI is an
inclusive measure of care, and is sometimes influenced by
factors other than care. Finally, in the present study PI
was assessed from the patient’s response to a single ques-
tion. This could account for slight differences in results

Fig. 3 Relationship between PMI scores and pain interference (each PMI level stratified by hospital day). P value: Cochrane-Armitage test for trend
was performed
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between this study and other studies that assessed PI by
other means.

Conclusions
Lower PMI scores predict a large proportion of patients
who experience interference with their daily lives by
pain. However, negative PMI scores do not necessarily
indicate that pain is interfering with a patient’s daily life,
and non-negative PMI scores do not necessarily indicate
adequate pain management. The PMI is a useful tool for
quickly assessing pain management. However, it captures
only one aspect of pain management, namely the bal-
ance of pain intensity and analgesics used. The PMI mis-
ses other important factors that may affect patients’

wellbeing, such as dosage of analgesics and response to
breakthrough pain. Our findings also indicate that judg-
ing the quality of pain management solely on PMI scores
is an oversimplification of a complex issue. The PMI is
effective in promoting assessment of care in broad set-
tings; however, detailed interpretation by other means
would facilitate further improvement in assessment of
pain management.
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