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Background: Lactulose is the first-line drug for hepatic encephalopathy (HE), but its acceptance widely differs
between Western and Eastern studies. Patient preference for lactulose between different parts of the world has
not been examined systematically. Aim: To define the preferences and reasons behind acceptance of lactulose in
patients from USA and India. Methods: A discrete-choice questionnaire with six hypothetical scenarios was
constructed. Situations 1–3 studied preference for lactulose vs no-lactulose, while 4–6 studied preference for
high-dose vs low-dose lactulose varying the overt HE prevention at 6 months and adverse event rates in each
situation. This was administered to outpatient cirrhotics without prior/current experience with lactulose after
dedicated education. Results: 100 patients (50 Indian, 50 USA) with similar MELD scores were included. A
significantly higher proportion of Indian respondents agreed to lactulose in all situations compared to
Americans. While their acceptance of lactulose decreased in the situation with the least difference in overt
HE prevention, it was consistently higher than Americans. In the high-dose vs low-dose scenario, the relative
proportion of American respondents accepting high-dose increased with the higher presented protection
against overt HE. On the other hand, Indian respondents remained largely consistent with low-dose lactulose
option. Conclusions: There are significant variations in the acceptance of lactulose in Indian and American
populations. The acceptance increases with a more favorable perceived benefit/risk profile, which is strongly
influenced by socio-cultural factors. These results have important implications when designing, comparing and
interpreting HE trials from different parts of the world. ( J CLIN EXP HEPATOL 2018;8:109–115)

Hepatic encephalopathy (HE) is a common and
disabling neuropsychiatric manifestation of cir-
rhosis.1 Even its mildest forms i.e. covert HE

(CHE) is associated with higher progression to overt
HE (OHE), poor quality of life, driving difficulties, and
poor workplace productivity.2–4 Moreover, each episode of
OHE is associated with an additive/cumulative effect on
cognitive decline and can increase mortality independent
of other cirrhosis complications.5,6

Non-absorbable disaccharides like lactulose are the
cornerstone of the treatment and prophylaxis of HE across
the spectrum for decades.7 Lactulose is indicated for the
treatment of an acute OHE episode and the secondary
prophylaxis of OHE.1 However, recommendations for
treatment of CHE and for prevention of first episode
are less clear.1 Lactulose is metabolized by colonic lactose
fermenters, producing short chain fatty acids, colonic
acidification and faster intestinal transit. This can lead
to diarrhea, bloating, and abdominal pain. Though lactu-
lose therapy has been shown to improve CHE, health-
related quality of life and prevent the first episode of OHE,
its adverse effect profile limits its utility in clinical practi-
ce.8,9 Between 12 and 28% patients on lactulose therapy
discontinue due to adverse effects, which varies between
Western studies and those from India.10–12 This range of
patient discontinuation of lactulose may stem from socio-
cultural differences and perceptions related to bowel
movement frequency. Given the importance of continued
adherence and importance of cultural factors in medical
effectiveness, it is relevant to define reasons behind poten-
tial non-adherence systematically, as called for in recent
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publications.1,13 Discrete choice experiments (DCE) are
a widely used quantitative technique for eliciting pref-
erences that can be used in the absence of revealed
preference data.14 This is based on Lancaster’s economic
theory of value and involves asking subjects to define
their preferences designed around hypothetical alterna-
tive scenarios.

Our aim was to elucidate the preference and reasons
behind acceptance of lactulose in cirrhotic patients from
USA and India who have never experienced overt HE using
a discrete choice questionnaire (DCQ).

MATERIALS AND METHODS

We designed a cohort study with risk factor being two
different cultural backgrounds and outcomes being the
responses to the use of lactulose. We then presented
educational materials and questionnaires that changed
according to their risk/benefit of lactulose therapy to
elucidate a potential dose response relationship of this
preference between patients from India and USA.

We prospectively recruited patients with cirrhosis
between the ages of 21 and 65 years from two institutions,
Virginia Commonwealth University Medical Center and
PGIMER after informed consent. Cirrhosis was diagnosed
using liver biopsy, liver elastography or using varices/
radiologic features of cirrhosis in patients with chronic
liver disease. Subjects were excluded if: (1) they never had
an episode of HE and/or were ever treated, (2) were cur-
rently on therapy for overt or covert HE, (3) had an unclear
diagnosis of cirrhosis, (4) were actively abusing alcohol or
illicit drugs, (5) were already on lactulose for constipation,
(6) suffered from diseases in which lactulose would not
ordinarily be prescribed due to pre-existing gastroentero-
logical issues (Inflammatory bowel disease, irritable bowel
syndrome-diarrhea predominant, other diarrheal ill-
nesses) or (7) were unable to consent or follow the direc-
tions of the DCQ.

After informed consent, all patients were provided a
standardized patient education presentation regarding
HE and lactulose through printouts from the Uptodate
website.15,16 After their questions regarding HE and lac-
tulose were answered, a gambler’s choice DCQ was then
administered with the scenarios outlined in Table 1. This
questionnaire was constructed under neuropsychological
guidance (JBW). The DCQ (Appendix) focused on six
hypothetical situations with the ultimate goal of using
lactulose to prevent the first episode of overt HE.

Situations 1–3 studied lactulose vs. no-treatment, while
situations 4–6 studied the comparison between high vs.
low-dose lactulose. Assumptions were made as to the
development of overt HE in all of these situations using
published literature and the rates of adverse events (diar-
rhea, gas, bloating) with lactulose were correspondingly
changed between the high and low-dose states. Specific

reasons for their decisions were presented and respond-
ents were asked to rank the reason behind their decisions.
Those who declined lactulose in situations 1–3 were not
administered the DCQ for situations 4–6. Comparisons
were made between Indian and American respondents at
each stage of the questionnaire process using Chi-square
tests, while demographic variables were compared using
parametric and non-parametric tests as applicable. The
sample size was based on prior studies of acceptance of
lactulose in clinical trials from India that was >90%, and
that from a real-life experience in the USA after HE
development that was around 50–60%.8,11 We would
require 32 subjects in each group for 80% power and
a = 0.05. To extend this into patients who had never
had HE before, we increased the sample size to 50 per
group.

RESULTS

We recruited 100 consecutive cirrhotic patients, 50 each
from India and USA, without prior OHE. The severity of
liver disease and etiology pattern was similar between
groups. Patients in the Indian cohort were younger, had
lower years of formal education, and more likely to be men
(Table 2).

Choice Between Lactulose and No Lactulose
(Situations 1–3)
When given a choice between accepting lactulose or reject-
ing prophylaxis for prevention of the first HE episode, a
significantly higher proportion of Indian respondents
agreed to lactulose (Figure 1). This pattern was uniform
across the three hypothetical risk-situations. Americans
were more likely to decline lactulose prophylaxis. The
difference between the populations was the most when
presented with situation 3, where the difference in risk of
developing OHE between the two choices was the lowest
and the chances for adverse events were presented as the
greatest between lactulose and no-lactulose.

The main reasons for choice of lactulose vs no lactulose
in Indian and American populations were similar across
situations 1–3 (Figures 2 and 3).

Choice Between Low-dose and High-dose
Lactulose (Situations 4–6)
When given a choice between high-dose vs low-dose lac-
tulose for preventing the first HE episode, the proportion
of American respondents accepting higher-dose lactulose
was significantly higher than Indians. This number fur-
ther increased with the higher presented protection
against OHE (Figure 1). Indian respondents were largely
consistent with low-dose lactulose option. The leading
reasons to accept higher dose were “to prevent
OHE” 50% and “improve how I feel” 20%, while to reject
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high-dose lactulose were “don’t want to have diarrhea”
60% and “don’t believe I am at risk” 20% and “I feel fine”
16%.

The main reasons for choice of high dose vs low dose
lactulose in Indian and American populations were similar
across situations 4–6 (Figures 2 and 3).

DISCUSSION

Our results demonstrate that the two separate popula-
tions of cirrhotic patients, who were not yet exposed to
lactulose, had very different responses to prescription of
this medication. Specifically, the cohort in India was more
accepting of lactulose compared to the US-based group.
Moreover, the acceptance rates varied with changes in the
scenarios presented between the groups, with the US-
based cohort more likely to change their acceptance based
on the assumptions provided.

These two cohorts were chosen because of the pub-
lished differences in adherence to lactulose, which can
affect adoption of trials published in India into clinical
practice in the USA and vice-versa.10,11,17–20 Lactulose use

Table 2 Demographics.

India (n = 50) USA (n = 50) P value

Age (mean � SD) 50.3 � 10.5 60.0 � 6.2 <0.0001

Gender (male) 45 33 0.004

Education (years) 9 � 4 14 � 3 <0.0001

MELD (mean � SD) 11.5 � 5.1 10.1 � 3.5 0.12

Etiology of cirrhosis

Alcohol 20 10 0.17

Viral hepatitis 17 23

NASH 8 11

Other 5 7

Table 1 Discrete Choice Questionnaire Situations Presented to the Subjects.

Presented
Situation number

Theoretical OHE development rates Theoretical rates of adverse events with lactulose

With lactulose Without lactulose Specific issues With lactulose Without lactulose

1 8–12% 20–30% Daily bowel movements 2–3 1 or <1

2 8–12% 30–40% Bloating and gas 40–50% None

3 8–12% 10–20% Unpleasant taste 10–20% None

Presented
Situation number

Theoretical OHE development rates Theoretical rates of adverse events with lactulose

With low-dose
lactulose

With high-dose
lactulose

Specific issues With low-dose
lactulose

With high-dose
lactulose

4 8–12% 8–20% Daily bowel movements 2–3 4–5

5 10–20% 5–10% Bloating and gas 40–50% 50–70%

6 10–20% 0–5% Unpleasant taste 10–20% 20–30%

OHE: overt hepatic encephalopathy. These were the decision points presented to the American and Indian cohorts at each situation for them to make
their choices for accepting lactulose or not and if accepting lactulose, then high-dose or low-dose.

Figure 1 Acceptance of lactulose between the cohorts. Y-axis shows
percentage of patients in both cohorts who accepted lactulose (situations
1–3) and high-dose lactulose (situations 4–6). X-axis demonstrates the
specific situations. A significantly higher proportion of Indian respondents
accepted lactulose, however the proportion of Americans accepting high-
dose lactulose increased as the risk/benefit ratio became more favorable.
Solid bars: American respondents, striped bars: Indian respondents.
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involves the patients and caregivers titrating dose based
on alteration of mental status in conjunction with bowel
movement frequency.1 This requires constant feedback
and education between the clinical team and caregivers.
If not properly carried out, this can result in HE episodes
either due Lactulose overuse or underuse.11 Given its
success in preventing and treating HE, and its relatively
low cost compared to alternatives such as rifaximin, it is
often considered first-line therapy.1 Therefore, factors that
can affect its adherence, especially in covert HE, are impor-
tant to determine.

The existing evidence on lactulose compliance is quite
heterogeneous between Western and Eastern medical lit-
erature. Studies from the USA and Sweden emphasize
lactulose discontinuation due to diarrhea severity, overt
HE precipitation and/or deterioration in quality of
life.11,12,20 Conversely, in various Indian trials, while diar-
rhea has been associated with lactulose in almost a
quarter of the cases, it was reported to improve with
dose-reduction alone, and none of the patients required

cessation of drug9,10,18 and lactulose improved quality of
life in Indian patients.8 Therefore, reconciliation of these
extremes in patient acceptance rates requires study of the
medical and socio-cultural issues that underlies these
differences.

Most patients in either cohort, who wanted lactulose
therapy, cited the prevention of overt HE and feeling
better as the major reason behind their decision. This
was also similar for those who accepted higher doses of
lactulose. These are important considerations because the
DCQ was administered after a dedicated educational ses-
sion about HE and lactulose therapy, and shows that time
spent on education helps patients make informed deci-
sions regardless of social cultural differences.

However, it was also clear that a significantly higher
proportion of Indian patients accepted lactulose com-
pared to the US-cohort. Apart from knowledge imparted
from the clinical interview, socio-cultural factors, includ-
ing formal educational status, can profoundly affect
acceptance of medications and also the patient-doctor

Figure 2 Reasons for acceptance of lactulose in each situation. The reasons for accepting lactulose in situations 1–3 and accepting high-dose
lactulose in situations 4–6 is shown in this figure. Data is shown as the percentage of patients who accepted lactulose in situations 1–3 or high-dose
lactulose in situations 4–6. Solid bars: American respondents, striped bars: Indian respondents.
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relationship.21 This was evident in our comparison of the
cohorts. When specific reasons for acceptance of lactulose
were studied, the Indian cohort believed that it would help
their baseline constipation, which was not the case in most
US-based respondents. This could partly be due to the
perception of normal stool frequency for each population.
A study done in healthy, asymptomatic subjects from
eastern India found the median frequency to be as high
as 14 stools per week.22 Such a frequency may be perceived
as diarrhea in many western countries and is indeed much
higher than what is found in the US population.23 This
may be a strong reason for relative ease in accepting
lactulose treatment in the Indian population. Indians
would therefore likely perceive constipation as a greater
change in their quality of life compared to any resultant
diarrhea from lactulose.

Socio-cultural differences may also affect the doctor–
patient relationship.24 In Western countries such as the
USA, most healthcare delivery puts the patient in the

center of the decision-making process after counseling
and education regarding the alternatives. This patient-
centered model of healthcare was reflected by the ability
of the US-based cohort to modify their acceptance of
lactulose when the theoretical the risk-benefit ratio tilted
toward benefit, even in the high-lactulose level. In addi-
tion, the reasons behind rejection of lactulose were largely
based on their personal risk perception for overt HE
development and them “feeling fine”. This indicates a
population that is largely used to making their decisions
regarding their clinical outcomes and medication strate-
gies based on processing available data. On the other
hand, it is likely that a doctor-centric model, where the
patients follow the clinicians’ recommendations regarding
therapy compounded by a relatively lower formal educa-
tional status, results in a potentially paternalistic health-
care delivery, was seen in the Indian cohort.24,25 This is a
socio-cultural phenomenon, which could explain the very
few Indian respondents who refused lactulose and their

Figure 3 Reasons for not accepting of lactulose in each situation. The reasons for not accepting lactulose in situations 1–3 and accepting high-dose
lactulose in situations 4–6 is shown in this figure. Data is shown as the percentage of patients who did not accept lactulose in situations 1–3 or high-
dose lactulose in situations 4–6; less than 10% of Indian respondents rejected lactulose. Solid bars: American respondents, striped bars: Indian
respondents.
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constant acceptance of high-dose vs low-dose lactulose
despite changes in the theoretical risk-benefit ratio.

Recent systematic reviews have determined lactulose to
be an efficacious therapy for HE but most recent trials
included have been from Indian centers.7 While this cer-
tainly reflects practice there, these positive results may not
be as applicable to centers in Western countries. The
factors demonstrated in our study could give insight into
the difference between efficacy and effectiveness of lactu-
lose in Indian versus Western studies. As the scope of HE
goes beyond inpatient and secondary prophylaxis into the
primary prophylaxis or CHE treatment realm, these results
have a substantial bearing on the formulation of prophy-
laxis guidelines. Instead of a blanket approach based on a
single population group, it sets the stage to allow a more
liberal use of lactulose prophylaxis in populations more
likely to accept it and a lower threshold for using alter-
natives or short-term trials in other populations that would
have an a priori high likelihood of rejecting the therapy.
However, while the results are striking, these remain theo-
retical opinions of a selected patient group that could
change once they are actually faced with overt HE develop-
ment. We avoided including patients already on lactulose
and rifaximin because their experience of the drugs, the HE
severity, the precipitating factors and its impact of their
daily life could potentially cloud their opinion. However
future studies are required in already experienced patients
between Eastern and Western countries. Given the excellent
adherence to rifaximin in most patients, we focused on
lactulose alone, which because of the cost-differential, is
used as the de facto first line therapy for HE.

We conclude that there are significant variations in the
acceptance of lactulose between Indian and American
cirrhotic patients for the prevention of the first episode
of overt HE. This is likely due to socio-cultural differences
centered on bowel movement frequency and the doctor–
patient relationship. These results have important impli-
cations when designing, comparing and interpreting HE
trials from different parts of the world.
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