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Abstract 

INTRODUCTION 
Painful diabetic peripheral neuropathy affects 40-50% of patients with diabetic neuropathy, leading to 
impaired quality of life and substantial costs. Duloxetine and pregabalin have evidence-based support, 
and are formally approved for controlling painful diabetic peripheral neuropathy. 
 

METHODS 
We used a 12-week decision model for examining painful diabetic peripheral neuropathy first-line 
therapy with daily doses of duloxetine 60mg or pregabalin 300mg, under the perspective of the Instituto 
Venezolano de los Seguros Sociales. We gathered model parameters from published literature and 
expert´s opinion, focusing on the magnitude of pain relief, the presence of adverse events, the 
possibility of withdrawal owing to intolerable adverse events or due to lack of efficacy, and the quality-
adjusted life years expected in each strategy. We analyzed direct medical costs (which are expressed in 
Bolívares Fuertes, BsF) comprising drug acquisition besides additional care devoted to treatment of 
adverse events and poor pain relief. We conducted both deterministic and probabilistic sensitivity 
analyses. 
 

RESULTS 
Total expected costs per 1000 patients were BsF 1 046 146 (26%) lower with duloxetine than with 
pregabalin. Most of these savings (91%) corresponds to the difference in the acquisition’s cost of each 
medication. duloxetine also provided 23 more patients achieving good pain relief and a gain of about 
two quality-adjusted life years per 1000 treated. Model was robust to plausible changes in main 
parameters. Duloxetine remained the preferred option in 93.9% of the second-order Monte Carlo 
simulations. 
 
CONCLUSIONS 
This study suggests duloxetine dominates (i.e., is more effective and lead to gains in quality-adjusted 
life years), remaining less costly than pregabalin for treatment of painful diabetic peripheral neuropathy. 
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Introduction 

Painful diabetic peripheral neuropathy (PDPN) is a chronic 
neuropathic pain condition that affects patients with 
diabetes mellitus and its main symptoms are aching, 
burning, stabbing or tingling sensations which generally 
begin in the feet and are often worse at night [1],[2]. The 
reported prevalence of chronic pain with neuropathic 
characteristics is 10% to 20% in overall diabetic population, 

and ranges from 40% to 50% in those with diabetic 
neuropathy [3]. 
 
Painful diabetic peripheral neuropathy is a major public 
health problem as it is associated with sleep disturbances, 
anxiety, depression, and interference with daily activities; 
all of them cause lower physical and mental functioning as 
well as impaired quality of life [3],[4],[5]. In addition, 
painful diabetic peripheral neuropathy imposes a 
substantial economic burden in terms of both direct medical 
costs and indirect costs related with work productivity 

losses due to absenteeism and/or poor work performances 
(presenteeism)[6],[7],[8]. 
 
Pharmacological management for painful diabetic 
peripheral neuropathy includes treatment with tricyclic 
antidepressants, other types of antidepressants, 
anticonvulsants, and opioids and opioid-like drugs [9]. 
However, only duloxetine (a re-uptake inhibitor of both 
serotonin and norepinephrine) and pregabalin (an 
anticonvulsant) have evidence-based support for 
controlling painful diabetic peripheral neuropathy[10] and 
are formally approved for the management of this condition 

both in Europe [11] and United States of America 
(US) [12]. The Venezuelan Consensus on Neuropathic Pain 
recommends the use of these two agents [2]. 
 
Examining the pharmacoeconomic profile of newer drugs is 
necessary to make an optimal allocation of available 
resources and to maximize the clinical and economic 
benefits to society [13]. We aimed to evaluate the costs 
and outcomes of duloxetine and pregabalin when used as a 
first-line treatment of painful diabetic peripheral 
neuropathy from the perspective of the Instituto 

Venezolano de los Seguros Sociales(IVSS). 
 

Methods 

We performed both a cost-effectiveness and a cost-utility 

analysis. We defined the target population as those adults 
diagnosed with painful diabetic peripheral neuropathy 
whom first-line therapy with duloxetine or pregabalin was 
prescribed to for addressing moderate to severe pain. 
 
We evaluated the following competing interventions: 
Duloxetine (DUL) 60 mg once daily and pregabalin (PGB) 
150 mg twice daily (i.e., 300 mg per day); all given orally. 
These doses are generally recommended for the 
management of painful diabetic peripheral 
neuropathy [1],[2],[14],[15] and have also been used in 

some recently published studies [16],[17]. Moreover, these 
schemes were also validated by three specialists from 
the Instituto Venezolano de los Seguros Sociales. 

 
As in other economic analysis of pharmacological 
treatments for painful diabetic peripheral 
neuropathy[16],[18], we considered a time horizon of 12 
weeks, which is consistent with the duration of the blinded 
phase of the randomized placebo-controlled clinical trials of 

duloxetine in painful diabetic peripheral 
neuropathy [19],[20],[21] and reflects the usual time 
devoted to evaluate a first-line therapy for this 
condition [18]. Therefore, costs and benefits were not 
discounted at any rate since all of them occur within the 1-
year time-frame [22]. 
 
Decision model 
We used a decision tree with a very similar structure as that 
published by Carlos et al [16] (Figure 1). Briefly, the model 
consists of seven different pathways defined according to 
the magnitude of pain relief, the presence of adverse 

events, and the possibility of withdrawal owing to 
intolerable adverse events or due to lack of efficacy 
whether combined with tolerable adverse events or not. 
Poor pain relief and adverse events lead to additional costs 
and disutility (i.e., loss of utility). We assumed that all 
health states resulting from treatment are present for the 
entire horizon and that pain relief is related to a reduction 
in the symptoms, and not the duration of pain [16],[18]. 
 
Resource use and costs 
We analyzed three different categories of direct medical 
costs: 

 
1. Cost acquisition of the medication considered in each 

competing intervention 
2. Additional costs derived from treating tolerable and 

intolerable adverse events 
3. Additional costs due to poor pain relief. 

 
Since the analysis was conducted from the perspective of 
the Instituto Venezolano de los Seguros Sociales, we 
excluded indirect costs related to productivity losses as well 
as the intangible costs. 

 
We calculated the cost of medication in each competing 
intervention as the product of three factors: the duration of 
therapy (expressed in days), the adherence rate, and the 
daily cost of that medication. We assumed that patients 
achieving good pain relief completed the 12-week 
treatment either if they experienced no adverse events or 
a tolerable adverse events. We also assumed that a 
proportion of patients with poor pain relief may remain in 
the assigned therapy for the whole period because of the 
perception of having achieved certain degree of pain relief. 
In contrast, other patients with poor pain relief may stop 

the assigned therapy prematurely. This drop-out can be 
attributable to lack of efficacy alone or to the coexistence 
of tolerable adverse events and lack of efficacy. By 
definition, all of the patients experiencing intolerable 
adverse events withdraw the treatment early. We set the 
mean duration of treatment for those patients stopping 
therapy owing to intolerable adverse events and due to lack 
of efficacy at 7 and 14 days, respectively. Patients with both 
lack of efficacy and tolerable adverse events also spend 14 
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days on therapy. These assumptions were all validated by 
three specialists from the Instituto Venezolano de los 
Seguros Sociales. 

 
 
 

 

 
 
Figure 1. Structure of the model. 
 

 

Treatment adherence depends on the daily frequency that 
each agent must be taken and estimates on adherence 
were used to calculate the expected costs of medication. 
We derived the estimates of adherence from a systematic 
review performed by Saini et al [23]. According to an 
analysis of that source, the proportion of correct number of 
doses taken (i.e., the proportion of total correct openings) 
is higher for once daily dosing schemes (mean adherence 
rate of 93%) than for schemes that need two 
administrations (mean adherence rates of 87%) [16]. We 
obtained the average prices for medications to the Instituto 

Venezolano de los Seguros Sociales from personal 
communication of wholesalers. 
 
We carried out an interview to three experts from 
the Instituto Venezolano de los Seguros Socialesin order to 
define the typical resource use given additionally to painful 
diabetic peripheral neuropathy patients experiencing 
tolerable and intolerable adverse events or failing to 
achieve good pain relief. For instance, in comparison to 
patients achieving good pain relief who remained free of 
adverse events, those with good pain relief but tolerable 

adverse events had one extra visit (20% with a general 
practitioner and 80% with a specialist). We estimated the 
unit cost for a visit to the general practitioner or to the 
specialist by dividing the average monthly income in each 
case [24] by the frequency of outpatient visits they give 
during a typical month. The unit cost per visit to the 
Emergency Department was calculated similarly. 
 
We estimated the cost per day of hospitalization as the sum 
of monthly payroll staff and charges owing to acquisition of 
goods and services devoted to inpatient care divided by the 

number of days of active beds held by the Instituto 
Venezolano de los Seguros Sociales in a typical month. 
Table 1 shows the resource use, the unit cost per resource, 
and the additional expected cost per type of patient. All 
costs were calculated and are expressed in 2014 Bolívares 
Fuertes (BsF; current exchanges rates: 6.30 BsF per 1 US 
dollar and 7.89 BsF per 1 euro) [25]. The expected cost per 
resource is calculated as the product of three factors: the 
probability of use, the frequency if used, and the unit cost. 
In the end, all the expected costs per resource in each type 
of event are summed down for the grand total. 
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Table 1. Resource use and expect cost associated to adverse events and lack of efficacy. 
 
 

Health outcomes 
We selected the achievement of good pain relief (here and 

after good pain relief) as the effectiveness measure. 
Carlos et al [16] describe in detail the methods followed by 
them to define this outcome. Briefly, those authors 
calculated the pooled proportion of patients achieving good 
pain relief in all the placebo arms in 14 clinical trials 
(including three studies for duloxetine [19],[20],[21] and 
seven for pregabalin [26],[27],[28],[29],[30],[31],[32]) 
identified through systematic review. That figure 
represents the “baseline risk”. Then, they conducted an 
indirect treatment comparison for estimating the specific 
intervention risk ratio (RR) of achieving good pain relief 
compared to placebo, so the probability of achieving good 

pain relief in each competing intervention is the product of 
the baseline risk and the correspondent risk ratio. A similar 
approach was followed by them to estimate the 
probabilities of experiencing any adverse events and 
withdrawal owing to intolerable adverse events [16]. We 
used all of those published values in the present model. We 
gathered the probability of stopping any therapy because 
of poor pain relief from O´Connor et al[18]. 
 
We selected the quality-adjusted life years (QALY) as the 
main health outcome for the cost-utility analysis and used 
the same pain-state utility weights than Carlos et 

al [16] did. Therefore, patients with poor pain relief (the 

baseline pain state, which includes moderate and severe 
pain states) had a utility value of 0.38 while those achieving 

good pain relief (i.e., improving to mild pain) had a utility 
value of 0.64. Both utilities values are located in a scale 
from 0 to 1 where 0 is equivalent to be dead and 1 
represents the perfect health state. The 0.38 value is a 
weighted average of the mean EuroQol 5 Dimensions (EQ-
5D®) utility values reported in three 
studies [4],[33],[34] for moderate (0.48) and severe 
(0.22) health-pain states by using a 63%/37% ratio for the 
probabilities of being experiencing moderate/severe pain, 
which is based on the report of a cross-sectional survey of 
255 patients with painful diabetic peripheral neuropathy 
performed in the US [4]. The 0.64 is the simple average of 

the utility values for mild pain reported in the 
aforementioned studies [4],[33],[34]. As in other 
papers [16],[17],[18], we used RR of 0.95 and 0.90 for 
indicating that tolerable and intolerable adverse events are 
associated with a relative loss in health utility of 5% and 
10%, respectively.  
 
Statistical analysis 
We performed all the analyses in TreeAge software 
(TreeAge Pro Suite 2013, TreeAge Software, Inc., 
Williamstown, MA). Specifically, we calculated expected 
cost and effectiveness (utilities) for a hypothetical cohort of 

2000 patients divided into two groups of 1000 patients 
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each, assigned to any of the two competitive strategies. We 
supplemented the base-case estimates with both a 
deterministic and probabilistic sensitivity analysis. We 
summarized the results of the deterministic sensitivity 
analysis by using a tornado diagram for the net monetary 
benefit (NMB) of duloxetine, calculated as it follows: NMB 

= U * WTP – C; where U is number of expected QALY with 
duloxetine, WTP is the willingness to pay (i.e., the decision 
maker´s threshold) for each additional QALY, and C is the 
expected cost of duloxetine. We set the willingness to pay 

at BsF 106 615, which is the value of the gross domestic 
product (GDP) per capita projected for Venezuela in year 
2014 [35]. As part of the probabilistic sensitivity analysis, 
we conducted a second-order Monte Carlo simulation with 
1000 repetitions, which results are displayed graphically in 
terms of an incremental cost-utility scatter plot. Table 2 

shows the model parameters. Pain-state utility values were 
multiplied by the disutility factor adjustment to create the 
utility of the combined health state (presence of adverse 
events along with the extent of pain). 
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Table 2. Model parameters values: base-case, ranges and distributions. 
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Results 

Table 3 shows the summary of the economic evaluation. 
The acquisition of either duloxetine or pregabalin was the 
main cost driver, representing 44.9% and 56.6% of the 
total expected cost in each competing intervention. The 
additional care given to patients with poor pain relief was 
the second category in terms of costs, accounting for 
43.0% in the duloxetine group and for 33.6% in the 

pregabalin group. Total expected costs per 1000 patients 
were BsF 1 046 146 (26%) lower with duloxetine than with 
pregabalin. Most of these savings (91%) corresponds to the 

difference in the acquisition cost of each medication, 
followed by the differences in the costs due to poor pain 
relief and managing adverse events, which accounted for 
6% and 3% of the net savings in favor to duloxetine. 
 
Duloxetine was not only less costly than pregabalin but it 

was also more effective, providing 23 additional patients 
with good pain relief (per 1000 treated). The slightly better 
efficacy and safety profiles of duloxetineversus pregabalin 
yielded a gain of about 2 QALY per each 1000 treated. 
Therefore, duloxetine dominated pregabalin. 
 

 

 
 
Table 3. Outcomes from the base-case analysis (per 1000 patients). 
 
 

Figure 2 displays the tornado diagram for the net monetary 
benefit of duloxetine under the cost-utility analysis. For 
simplicity, only the ten parameters that influenced the most 
on the net monetary benefit are shown. The length of each 
bar indicates the effect of the respective variable on the 

calculated net monetary benefit. The net monetary benefit 
is expressed in BsF and was calculated for a willingness to 
pay of BsF 106 615 which corresponds to the gross 
domestic product per capita projected for Venezuela in year 
2014. 
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Figure 2. Tornado diagram for the net monetary benefit of duloxetine. 

 
The incremental cost-utility scatter plot is depicted in figure 

3, with each point representing a simulated economic 
evaluation of duloxetine versus pregabalin. We computed 
that 635 out of the 1000 simulations were located in the 
quadrant IV, indicating duloxetine was both less costly and 

associated with QALY gains when compared to pregabalin. 

According to a maximum willingness to pay equal to the 
gross domestic product per capita in Venezuela for each 
additional QALY, duloxetine was also the preferred option 
in other 304 simulations. 
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Figure 3. Incremental cost-utility scatter plot (DUL Vs. PGB). 

 
 

Discussion 
The current prevalence of diabetes mellitus in Venezuela is 
6.61% [36]. Both the prevalence and the economic burden 
due to diabetes mellitus and its complications are projected 

to grow considerably during next decades imposing a need 
for a more rational use of available resources [35],[36]. In 
this study, we evaluated the expected costs and benefits of 
duloxetine and pregabalin for managing painful diabetic 
peripheral neuropathy from the Instituto Venezolano de los 
Seguros Sociales perspective and found that the former is 
associated with 26% lower total costs. This relative 
decrease is comparable to the proportional overall savings 
favoring duloxetine reported with similar models in Mexico 
(22%) [16] and US (20%) [18]. duloxetine exhibited net 
saving in all the three cost categories we analyzed: BsF 947 
(41%) in drug´s acquisition, BsF 65 (5%) in additional care 

due to poor pain relief, and BsF 34 (8%) in treatment of 
emergent adverse event, per patient. 
 
We estimated 23 additional patients achieving good pain 
relief plus a gain of 2 QALY per 1000 treated with duloxetine 
instead of with pregabalin. These small differences are 
consistent with published literature showing the efficacy 

and safety profiles of these two agents are quite 
comparable [9],[16],[17],[18],[38]. Hence, even adopting 
a more conservative cost-minimization approach duloxetine 
would be selected as the preferred option. 

 
We found the model is robust to plausible changes in 
parameters. The acquisition of pharmacological agents was 
the main cost driver, while the probability of achieving good 
pain relief with duloxetine and the utility values assigned to 
good pain relief and poor pain relief were among the most 
influential parameters in the deterministic sensitivity 
analysis. The probability of duloxetine being dominant or at 
least cost-effective given a threshold value of 1 times the 
gross domestic product per capita in Venezuela was 93.9%. 
 
Patients may prefer medications with once-daily regimens 

instead of having multiple takings per day since these 
regimens are more comfortable and lead to higher 
compliance compared with twice-daily or thrice-daily 
treatment regimens [23]. Zhao et al reported that painful 
diabetic peripheral neuropathy patients initiating duloxetine 
had significantly higher medication adherence and lower 
healthcare costs than those initiating pregabalin [39]. In 
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another observational study, mean median daily dosage 
actually taken over 6 months with pregabalin was only 
173.5 mg (which is far from the recommended 300 mg), 
whereas, the daily dosage for duloxetine was close to the 
60 mg. This may explain the lower effectiveness shown by 
pregabalin in that study [40]. 

 
We believe good standards of quality were met when 
performing this study. However, there are some limitations 
that merit discussion. First, one can reasonably argue that 
a longer timeframe would better represent the chronic 
nature of painful diabetic peripheral neuropathy. Adopting 
a short timeframe avoids the need to make assumptions 
about titration schemes, the composition of the sequential 
treatments and sustainability of the effects [16]. 
Pharmacoeconomic evaluations that explored longer time 
frames and included sequential therapies also favored 
duloxetine over pregabalin [14],[17],[41]. Unit cost of 

services considered into the model rely on own calculations, 
so the specific amount of cost-savings might be taken with 
some caution. However, this not affects the dominant 
condition of duloxetine since more than 90% of the overall 
savings is attributable to the differences in the cost 
acquisition of the compared agents. The same applies for 
the resource use data derived from the panel of experts. 
We assigned utility values from published literature, which 
is common in Latin America because of the scarcity of data 
reflecting local preferences for health states [16]. Given the 
short time horizon and the small difference in expected 
QALY, the effect of this limitation on the results is 

negligible. 
 
The present study suggests that duloxetine 60 mg per day 
dominates (i.e., is more effective and lead to QALY gains, 
remaining less costly than) pregabalin 300 mg daily for the 
treatment of individuals with painful diabetic peripheral 
neuropathy affiliated to Instituto Venezolano de los Seguros 
Sociales. This is in line with previous studies based on 
modeling and with the evidence derived from recent real-
world observational studies. 
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