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Objective: The objective was to investigate the extent to which treatment benefits, risks and costs affected parturients’ preferences for
labor analgesia.
Methods: We recruited 248 healthy parturients prior to labor at an antenatal ward and administered a discrete choice experiment
survey. Parturients were asked to choose among four hypothetical forms of labor analgesia: epidural analgesia, pethidine, Entonox and
no analgesia, which were defined by: pain score, duration of second stage of labor, risks of instrumental delivery, back pain and
permanent nerve injury, and out-of-pocket cost. We used mixed logit model to calculate the relative importance of each attribute (out
of 100).
Results: Parturients preferred receiving labor analgesia over not receiving analgesia and those who had positive past experience with
epidural preferred epidural over other modalities. Out-of-pocket cost (28%), duration of second stage of labor (26%) and pain score
following treatment (18%) were the most important attributes.
Conclusion: Out-of-pocket cost was a major concern. Parturients prioritized having lower pain and shorter labor experience over
risks associated with epidural analgesia. Parturients should be presented with realistic range of risks of side-effects so that they can
decide how to balance risks against benefits and costs associated with child labor.
Keywords: analgesia, epidural analgesia, labor analgesia, patient preferences

Introduction
While childbirth can be extremely painful,1 labor analgesia including epidural analgesia, pethidine, and entonox can help
with pain mitigation. Epidural analgesia involves injecting local anesthetics and/or lipophilic opioids into the lumbar
epidural space.2 It is considered the gold standard for labor analgesia at reducing pain and improving maternal
satisfaction compared to the other non-epidural analgesia.3 Pethidine or meperidine hydrochloride is an opioid injected
into the thigh or buttocks and takes about 20–30 minutes to start working. However, it is associated with neonatal
respiratory depression.4 Entonox is a nitrous oxide-oxygen mixture that can be inhaled via a mouth mask and takes about
20–30 seconds to work.5

Use of epidural analgesia has increased in recent years.6,7 While epidural analgesia provides effective pain relief, its use
has been associated with increased duration of second stage of labor and increased risk of instrumental delivery compared to
non-epidural analgesia.3 However, the result of recent studies demonstrate no difference in duration of second stage labor
between epidural analgesia and non-epidural analgesia8 or no analgesia,9 and no difference in the risk of instrumental
delivery between epidural analgesia and no analgesia.3 Parturients may also be also concerned about developing back
pain10,11 and risk of permanent nerve injury12 although evidence shows that the risk of long-term back pain following
epidural analgesia was not significantly different than non-epidural analgesia.3 The risk of permanent nerve injury is also
very rare.13
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Parturients may be interested in epidural analgesia to control labor pain, while others prefer to avoid it due to their
perceived concerns and risks.14,15 There might also be other factors contributing to parturients’ preferences for and
satisfaction with childbirth and labor process.16 Past labor experience may also affect parturients’ future choice of
analgesia. For example, women who used epidural analgesia during past labor may prefer epidural analgesia in future
labor.17 The demand for epidural analgesia may also be affected by its out-of-pockettrade off benefits with the risks and
cost of epidural analgesia, compared to other forms of labor analgesia (or no analgesia) remains to be explored.

Our primary objective was to investigate to what extent benefits, risks and cost affect parturients’ preferences for
epidural analgesia compared to pethidine, Entonox and not receiving analgesia. We hypothesized that the predicted
demand (ie, probability of choosing) for epidural analgesia would be higher for lower pain score following treatment,
shorter second stage of labor, lower risks of instrumental delivery, back pain and permanent nerve injury, and lower out-
of-pocket cost. The secondary objective was to investigate whether parturients’ past experience with epidural analgesia
affected their preference for epidural analgesia. We hypothesized that parturients who had positive previous experience
with epidural analgesia would be more likely to choose epidural analgesia over other forms of labor analgesia or not
receiving analgesia. We used a Discrete Choice Experiment (DCE), a survey research method for assessing preferences
for health care products and services, to achieve the objectives of this study.

Methods
Study Setting
The study was conducted from June 2018 to November 2020 in KK Women’s and Children’s Hospital (KKH), the largest
maternity care institution in Singapore, as part of a larger study. Epidural analgesia is utilized in approximately 50% of
the parturients undergoing labor at KKH.18 The other methods of labor analgesia commonly administered in the hospital
include intramuscular pethidine and Entonox. Non-pharmacological methods such as massage and water therapy are not
commonly used in Singapore, including the study setting. The care of delivery is mainly hospital based with private
specialist care or team-based obstetric care.

Optional antenatal classes are available for parents to receive education on pregnancy and postpartum care at the
study site. Women are briefed on the form of labor analgesia that they requested, including procedures, possible side
effects, and risks. Parturients are asked to sign a separate consent form if they request epidural analgesia. Partners are
allowed to stay in the delivery suite during labor, and midwives are available to offer support and guidance at all times.
The organization of care did not change during the COVID-19 period.

The inclusion criteria included being 1) healthy women based on American Society of Anesthesiologist physical
status and 2) at 36 weeks gestation or more (both nulliparous and multiparous) with a singleton fetus. The exclusion
criteria were having 1) multiple gestations, 2) non-cephalic fetal presentation, 3) obstetric complications (eg, preeclamp-
sia, premature rupture of amniotic membranes for more than 48 hours, gestational diabetes requiring insulin, pregnancy-
induced hypertension on anti-hypertensive medications) and medical conditions that require regular management and
close surveillance (eg, cardiac disease), and iv) elective caesarean section. These exclusion criteria are confounding
factors that may increase the risk of neonatal complications or result in lack of labor pain experience. Trained research
coordinators screened the medical records for eligibility and approached eligible parturients who were admitted to the
antenatal ward prior to labor and delivery. After receiving written consent, participants were then asked to complete the
survey in English as it has been the primary language for teaching in public schools in Singapore since 1987.19

Ethical Considerations
Ethical approval for this study was provided by the SingHealth Centralized Institutional Review Board in Singapore before the
data collection commenced (SingHealth CIRB Reference: 2017/2090). The study was also registered on clinicaltrials.gov
(NCT03167905). All participants were given a clear and detailed description of the study before they voluntarily signed
informed consent forms. This study complies with the Declaration of Helsinki and adheres to the applicable Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines.
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Survey Development
DCE is a research methodology used to assess individuals’ preferences via a series of choice tasks where individuals are
asked to select the utility-maximizing (ie, most preferred) alternative from two or more alternatives.20 trade off different
attributes associated with a healthcare product or service, and to calculate its predicted demand given the characterizing
attributes.21,22

We conducted a literature review to determine the labor analgesia attributes that mattered most to parturients.
A list of attributes was shortlisted based on the literature review and through consultation with physicians. We then
pretested the initial draft of the survey instrument with 10 eligible parturients following a “think-aloud” protocol23 to
investigate if parturients were able to understand the questions, whether all relevant attributes were captured in the
design, whether there are any important missing attributes and whether parturients were able to make trade-offs
between the attributes. We refined the framing of the questions and descriptions based on the feedback from these
interviews.

The final list of six attributes used in the study were 1) pain score following treatment [1: lowest possible pain, 2, 3
or 4 (out of 10: highest possible pain)]; 2) duration of second stage of labor (ie, time taken from cervical to full
dilatation to delivery of fetus) (0.5, 1, 2 or 3 hours); 3) risk of instrumental delivery (15%, 30% or 50%); 4) risk of back
pain (25%, 35% or 45%); 5) risk of permanent nerve injury (0.01%, 0.05% or 0.10%); and 6) out-of-pocket cost
(Singapore dollars (SGD) 300, 600, 1200 or 2000). The attribute levels were derived based on the evidence from
literature and discussions with clinicians.3 The levels for the cost attribute were identified based on the out-of-pocket
cost that subsidized and unsubsidized parturients pay in Singapore. However, as commonly done in DCE studies, the
ranges also included larger than real-life values to investigate whether patrutients were willing to accept higher risks or
costs.

For each DCE task, four hypothetical forms of labor analgesia were provided: 1) epidural analgesia, 2) pethidine, 3)
Entonox (introduced as “laughing gas” in the questionnaire), and 4) not receiving labor analgesia. Each form of labor
analgesia was first briefly explained at the beginning of the questionnaire. To reduce the cognitive burden on respondents,
the profiles for the non-epidural alternatives were kept fixed across the DCE tasks (ie, they had the same levels for each
attribute in all DCE tasks). Attribute levels differed across the DCE tasks only in the case of epidural analgesia. We also
added “risk of respiratory distress for the baby” as one of the attributes for pethidine, which was kept fixed across the
DCE tasks. The parturients were asked to select their preferred form of labor analgesia in each DCE task (sample DCE
task illustrated in Figure 1).

The DCE tasks were created based on an experimental design using SAS software, which chose a design based on optimal
D-efficiency.24 We allowed interaction effects between pain score following treatment and duration of second stage of labor.
The design generated 48 DCE tasks, which were divided into six blocks of eight tasks. To reduce cognitive burden, each
parturient was randomized to receive one of the six blocks. To test for validity of responses, we also added a manually
designed DCE task where parturients were shown the best levels of each attribute for epidural analgesia. Parturients were
considered not attentive if they chose epidural in any one of the eight tasks they had seen but did not choose epidural when it
was presented with the best attribute levels. Each parturient was asked to answer nine DCE tasks in total.

The questionnaire first provided information about labor-pain management and the attributes used in the study. A sample
DCE task was then presented providing instructions on how to answer the questions. The questionnaire also included
questions on demographics (eg, age and ethnicity), parturients’ perceptions about various forms of labor analgesia (epidural,
pethidine, and Entonox), previous labor experiences, and their satisfaction with previous labor experience (if any).

Sample Size
Based on Orme’s formula,25 the required minimum sample size is dependent on the number of maximum attribute level
(m=4), the number of non-fixed alternatives (a=1), and the number of choice tasks per respondent
(q=8): N � 500�m

a�q ¼ 250.
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Statistical Analysis
We used random utility model to analyze the responses to the DCE tasks [16]. For each analgesia alternative j, the utility
(uj) is determined by the observable component (vj) and unobservable component, random error term (ej):

uj ¼ vj þ ej

Respondents will choose the option that gives them the highest expected utility such that the probability of alternative
j being chosen over option m is

Pr uj > um
� �

¼ Prðem � ej < vj � vmÞ

We used a mixed logit model (also known as a random parameters logit model) to analyze the DCE choice data to
allow for preference heterogeneity (ie, variation across individuals).26 The model also accounted for multiple observa-
tions from each respondent. The observable component of utility (vitj) of an individual i in choice task t for labor
analgesia j is approximated by a linear combination of pain score following treatment, duration of second stage of labor,
risks of instrumental delivery, back pain and permanent nerve injury, and out-of-pocket cost.

The final model did not include the interaction effects between pain score and duration of second stage of labor
attributes as they were found to be not significant. We also specified an alternative specific constant (ASCj) for labor
analgesia j where j indicates epidural analgesia, pethidine or Entonox. Not receiving analgesia option was set as the
reference level. ASCs represent preferences for the respective alternatives that were not captured by the attributes. The
risk of respiratory distress for the baby was not included in the analysis since it was kept at the same level across the
DCE tasks. Any effect of “risk of respiratory distress for the baby” on preferences would be captured by the ASC
associated with pethidine. The empirical model is defined as follows:

vitj ¼ β
0

iXtj þ α
0

iASCj

Figure 1 Sample DCE task.
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Vectors βi and αi contain individual-level random parameters for all attributes and ASCs, respectively, which are
assumed to be independently and identically distributed normal with a mean and standard deviation estimated by the
model. All the attribute levels were dummy coded. The worst level for each attribute was set as the reference level with
a numerical value of 0. The coefficients can be interpreted as preference weights for each attribute level or specified
alternative.

To address the second aim of the study, we created a dummy variable indicating having positive previous experience
with epidural analgesia. Positive epidural experience was defined as using epidural in a previous labor and reporting at
least 80 out of 100 in satisfaction score. Since respondent characteristics cannot enter into the model directly, we created
an interaction effect between this dummy variable and ASC for epidural to denote preferences for epidural analgesia
given a positive previous experience with epidural.

We calculated relative attribute importance based on the attributes and levels used in the study. The relative attribute
importance shows which attributes of labor analgesia modalities are more or less important when choosing one. It is
calculated as the utility difference between the best and worst levels of an attribute divided by the sum of utility
differences for all attributes.27 We then scaled it out of 100 so that the relative attribute importance for each attribute can
be interpreted as its contribution to the overall utility out of 100.

To calculate predicted demand for a form of labor analgesia, we calculated the utility associated with epidural analgesia,
pethidine, Entonox and no labor analgesia for each respondent using individual-level random parameters. Each individual
was then assigned to the form of analgesia that provided the highest utility for them. We then calculated the proportion of
respondents assigned to epidural analgesia, pethidine, Entonox and no labor analgesia. For example, the predicted demand
for epidural analgesia was the proportion of respondents who received the highest utility with epidural analgesia over the
other alternatives. The epidural analgesia profile was selected based on the evidence on average outcomes from the literature.
Accordingly, the average epidural profile had a pain score of 3, duration of second stage of labor of 1-hour, instrumental
delivery risk of 15%, back pain risk of 35%, permanent nerve injury risk of 0.01%, and out-of-pocket cost of SGD600.13 We
also investigated how predicted demand for epidural analgesia changes based on changes in each epidural attribute while
assuming the other attributes at their values at average epidural profile. We used NLOGIT software for all statistical analysis.

Results
Sample Characteristics
Two parturients did not complete their surveys and were excluded from the analytical sample. Ten parturients failed the
survey validity test; however, they were not excluded as sensitivity analysis demonstrated their exclusion did not affect
the main findings (results of this sensitivity analysis are available upon request). The final analytical sample consisted of
248 parturients with complete responses to the questions used in the analysis. The majority of the parturients were
Chinese (59%), married (98%), had university degrees (81%) and nulliparous (73%). The mean age of the parturients
was 30.9±3.7 years. About three-fourths (73%) of the women were nulliparous parturients.

About 16% (N=41) of the parturients used epidural analgesia, 16% (N=40) used Entonox and 2% (N=5) used
pethidine in their past labor experience. Those who used pethidine also used either Entonox and/or epidural analgesia.
Among parturients who used Entonox, more than half used at least one of the other forms of analgesia. Among those who
used epidural analgesia, 31 (out of 41) reported positive previous experience with epidural analgesia, while 21 (out of 40)
and 2 (out of 5) reported positive experience with Entonox and pethidine, respectively (Table 1).

Preferences for Labor Analgesia
In Table 2, the first three columns show the estimated mean preference weights for each attribute level and form of
analgesia. Reference levels were fixed at zero and attribute levels associated with larger values indicate greater
preference. As expected, parturients, on average, preferred lower pain score following treatment, shorter second stage
of labor, lower risks of instrumental delivery, back pain and permanent nerve injury, and lower out-of-pocket cost. Those
who reported positive previous experience with epidural preferred using epidural analgesia over not receiving analgesia
(β=1.77, P=0.017) while the remaining parturients did not have a preference between epidural analgesia and not
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receiving analgesia (β=−0.39, P=0.529). Parturients, on average, also preferred pethidine (β=1.53, P<0.001) and Entonox
(β=4.21, P<0.001) over not receiving analgesia. The last three columns in Table 2 show the standard deviation of the
preference weights. In the final model, we assumed fixed (ie, nonrandom) distribution for the risks of instrumental
delivery and back pain since all the standard deviations associated with these attributes were not significant when we
assumed them random. The standard deviations were significant (P<0.050) for most (11 out of 14) variables, revealing

Table 1 Participant Socio-Demographic Information

Characteristics Mean (SD)/Count (%)a

Age 30.9 (3.7)

Race

Chinese 146 (59%)

Malay/Indian/others 102 (41%)

Marital Status

Single 6 (2%)

Married 242 (98%)

Education

University and above 202 (81%)

Junior College and below 32 (13%)

Missing 14 (6%)

Housing Type

Public 195 (79%)

Private 20 (8%)

Missing 33 (13%)

First-Time Parturient

Yes 178 (73%)

No 67 (27%)

Previous Labor Experience

Used epidural 41 (16%)

Used Entonox 40 (16%)

Used pethidine 5 (2%)

Satisfaction with Previous Analgesiab

Used epidural and satisfied 31 (out of 41)

Used Entonox and satisfied 21 (out of 40)

Used pethidine and satisfied 2 (out of 5)

Total 248

Notes: aPercentages rounded off to nearest whole number and therefore may not add
up to 100%. bA respondent was classified as satisfied if they reported at least 80 out of
100 score for their satisfaction with their previous experience with labor pain relief
method.
Abbreviation: SD, standard deviation.
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Table 2 Mixed Logit Model Estimates

Preference Weights Standard Deviations of the Preference
Weights

Coefficient Standard Error P value Coefficient Standard Error P value

Pain score following treatment (out of 10)

1 2.124 0.315 0.000 1.102 0.503 0.029

2 0.932 0.324 0.004 1.580 0.544 0.004

3 0.630 0.306 0.039 0.559 0.851 0.512

4* 0.000

Duration of second stage of labor

0.5 hour 3.058 0.367 0.000 0.900 0.745 0.227

1 hours 1.985 0.339 0.000 1.055 0.392 0.007

2 hours 1.697 0.333 0.000 0.685 0.421 0.104

3 hours* 0.000

Risk of instrumental delivery (fixed)

15% 1.319 0.284 0.000 – – –

30% 0.851 0.265 0.001 – – –

50%* 0.000 – – –

Risk of back pain (fixed)

25% 1.224 0.262 0.000 – – –

35% 1.028 0.280 0.000 – – –

45%* 0.000

Risk of permanent nerve injury

0.01% 0.678 0.285 0.017 1.285 0.372 0.001

0.05% 0.054 0.263 0.837 0.897 0.435 0.039

0.10%* 0.000

Out-of-pocket cost

SGD300 3.309 0.418 0.000 2.337 0.408 0.000

SGD600 2.731 0.390 0.000 1.432 0.452 0.002

SGD1200 1.484 0.339 0.000 1.279 0.548 0.020

SGD2000* 0.000

Alternative specific constant

Epidural −0.391 0.622 0.529 4.082 0.405 0.000

Epidural × (used epidural before and satisfied) 1.775 0.741 0.017 – – –

Pethidine 1.532 0.353 0.000 4.490 0.445 0.000

(Continued)
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variation of preferences across parturients. They were the largest for the ASCs for Entonox and pethidine, indicating that
these variables had the highest variation in preferences.

Figure 2 shows the relative attribute importance (excluding the ASC for forms of labor analgesia) out of 100%. Out-
of-pocket cost had the greatest importance (28%), closely followed by duration of second stage of labor (26%) and pain
score following treatment (18%). They were followed by risk of instrumental delivery (11%) and risk of back pain (10%)
where the risk of permanent nerve injury (6%) was the least important given the levels used in this study.

Figure 3 shows the predicted demand for epidural, pethidine, Entonox and no labor analgesia when epidural had the
average outcomes. The predicted demand for epidural was 67%; followed by 24% for Entonox and 2% for pethidine. The
predicted demand for no labor analgesia was 8%.

Figure 4 shows the predicted demand for epidural analgesia based on the changes in each epidural outcome. For pain
score following treatment, the predicted demand ranged from 63% to 74% for a pain score of 4 to 1 (out of 10). The
predicted demand ranged from 50% to 73% when second stage labor lasts from 3 hours to half an hour. The predicted
demand ranged from 59% to 70% when the risk of back pain ranged from 45% to 25%. In the case of risk of instrumental
delivery, we observed a predicted demand of 56% to 67% for risks ranging from 50% to 15%. The predicted demand of

Table 2 (Continued).

Preference Weights Standard Deviations of the Preference
Weights

Coefficient Standard Error P value Coefficient Standard Error P value

Entonox 4.209 0.422 0.000 6.487 0.591 0.000

No analgesia* 0.000

Log likelihood −1296

Notes: *Indicates the reference category which is set to a numerical value of 0. The other categories of each attribute can be interpreted in relative to the reference level.
Positive coefficients indicate higher utility and negative coefficients indicate lower utility compared to the reference category.

Figure 2 Relative attribute importance.
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epidural remained around 61% to 67% when the risk of permanent nerve injury ranged from 0.01% to 0.10%. The
predicted demand ranged from 42% to 70% for SGD2000 to SGD300 out-of-pocket cost.

Discussion and Conclusion
Discussion
We assessed parturients’ preferences for labor analgesia using a DCE survey. Our findings suggest that, on average,
parturients preferred using a form of labor analgesia to not receiving any analgesia. When epidural analgesia was
associated with average outcomes (based on the literature), the predicted demand for epidural was about 67%. The
predicted demand for Entonox was 24%, followed by 8% for no labor analgesia while it was very low at 2% for
pethidine.

Figure 4 Predicted demand of epidural analgesia based on changes in epidural outcomes.

Figure 3 Predicted demand of epidural analgesia, pethidine, Entonox and no-labor-analgesia.
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Our findings also suggest that previous positive experience with epidural analgesia affected preferences for epidural
analgesia and other forms of labor analgesia, regardless of the levels shown for each attribute. This finding confirms the
evidence from previous studies17,28 that past experience with labor influences future choices or intentions for labor analgesia.

Results also indicated that out-of-pocket cost (28%) was the most important attribute based on the attributes and
levels used in the study. Cost was also reported to be one of the reasons of not utilizing epidural analgesia in other
countries.14,29,30 The range of out-of-pocket costs we used covered the costs paid by parturients at the study site based on
subsidy schemes. The high importance of cost attribute could be attributed to the significant maternity and labor
costs.31,32 Although Singapore has a healthcare system that provides subsidies for maternity expenditures based on
means-testing, it is often that only those from lower-income families quality for these subsidies. Most families pay out-of
-pocket costs.33 Private insurance plans specifically targeting maternity are also available in the country since typical
private health insurance plans may not cover maternity costs.

We also found that duration of second stage of labor (26%) and pain score following analgesia (18%) were important
attributes when considering whether parturients would use epidural analgesia. Although epidural analgesia was found to
be associated with prolonged second stage of labor in earlier studies,3 the delay might be because of reduced contractions
due to low or no pain. A recent systematic review on epidural experience in labor also shows that desire to have pain-free
labor and duration of labor are the main considerations for women to choose epidural analgesia.34

Risk of instrumental delivery and risk of back pain had similar importance to parturients (about 11% and 10%,
respectively). These risks, however, were of secondary importance to out-of-pocket cost, pain score and duration
of second stage of labor. Although risk of permanent nerve injury was a significant predictor of preferences for labor
analgesia, it had the smallest importance. This may be because the risk of permanent nerve injury (ie, 0.01%)35 is low as
presented in this study. However, literature indicates that women are misinformed or not fully informed about the risks
and complications associated with epidural analgesia.14,36 If so, our findings suggest that although concerns regarding
adverse events or complications may influence medical choices, when provided with the necessary (and accurate)
information, parturients are able to balance their concerns regarding permanent nerve injury against the likelihood of
these negative consequences realistically occurring.

Our study had several limitations. The parturients in this study were recruited from a single institution; thus, our
results may not be generalizable to other pregnant populations. However, the study site is the largest hospital in the
country specializing in healthcare for women and is the primary hospital for maternity care and childbirth. The study also
did not collect information on household income, which could be correlated with preferences. Future research could
investigate whether parturients from different income groups would have different preferences regarding out-of-pocket
medical costs associated with labor. Lastly, findings on relative attribute importance and predicted demand are specific to
the range of attribute levels used in this study. These limitations should be considered while interpreting the results of this
study.

Despite these limitations, our study was one of the few to utilize a DCE method to assess parturient preferences for
managing labor pain. This allowed us to systematically quantify how predicted demand for different forms of labor
analgesia changes based on the changes in outcomes such as pain, duration of second stage labor, risks and out-of-pocket
costs.

Conclusion
In conclusion, our study showed that parturients preferred controlling labor pain via a form of labor analgesia. Past labor
experience had a significant impact on parturient preferences showing that past satisfaction with epidural analgesia had
a positive influence in choosing it again. Our findings also show that out-of-pocket cost could be a major concern for
parturients as it was the most important attribute. Duration of second stage of labor and pain score following treatment
were more important than the risks of instrumental delivery, back pain and permanent nerve injury associated with
epidural, indicating that parturients prioritized having low pain and shorter labor experience than the possible adverse
event risks.
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Practice Implications
Our study demonstrates the importance of providing information regarding the risks associated with epidural analgesia
and specific information on how it could best support a parturient’s needs in her labor experience. When presented with
realistic range of risks of side-effects, parturients focused more on other attributes: out-of-pocket cost, duration of second
stage labor and pain score following treatment. We suggest that parturients’ knowledge of and preferences for labor
analgesia should be assessed and any misconceptions clarified during antenatal consultations. These efforts would help
parturients to develop realistic expectations and improve satisfaction with their labor experience.
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