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Abstract: Mounting evidence shows that functional constipation contributes to increased healthcare utilization, 
impairment in quality of life, and lost work productivity. Among those with functional constipation, relatively small dietary 
changes may alleviate symptoms and result in considerable constipation-related healthcare cost savings. The study 
objective was to estimate the economic impact of increased dietary fibre consumption on direct medical costs associated 
with constipation from a payer perspective. A decision-analytic spreadsheet model was created to perform the analysis. 
Literature searches identified sources for input parameters, including prevalence of functional constipation, dietary fibre 
intakes, proportion of the population meeting recommended intakes, and the percentage that would be expected to 
benefit from increased dietary fibre consumption. The model assumes that 25% of adults make no change in fibre intake, 
25% increase intake by 3 g/day, 15% increase intake by 4 g/day, 25% increase intake by 5 g/day, and 10% increase 
intake by 11 g/day. A dose-response analysis of published data was conducted to estimate the percent reduction in 
constipation prevalence per 1 g/day increase in dietary fibre intake. Annual direct medical costs for constipation were 
derived from the literature and updated to 2014. Sensitivity analyses explored robustness of the model. Under base case 
assumptions, annual cost savings were estimated at 127,037,383 in the United Kingdom, 8,791,992 / 7,244,513 in 
Ireland, and 121,699,804 in Spain. Increasing dietary fibre consumption is associated with considerable cost savings, 
with these estimates being conservative given the exclusion of lost productivity costs in the model.  
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INTRODUCTION 

Functional constipation, also known as chronic 

idiopathic constipation, is a bowel disorder that can 

cause considerable discomfort and is characterized by 

multiple symptoms, including defecation accompanied 

by straining, hard stools, incomplete evacuation, a 

sensation of anorectal obstruction, manual 

manoeuvers, and less than three stools per week [1]. 

The prevalence of functional constipation in the general 

population of Europe ranges from 5% to 35%, with a 

median value (16.6%) comparable to that of the 

worldwide population (16%) [2-4]. This variation in 

prevalence estimates is due, in part, to the methods 

and criteria used for case ascertainment (e.g., self-

report vs. clinical evaluation) as well as changing case 

definitions over time. In addition to documented 

prevalence based on clinical diagnostic criteria, there 

may be substantial additional burden associated with 

constipation identified by self-report or not meeting 

clinical criteria that is excluded from published  
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prevalence estimates; thus the impact of constipation 

may affect many more people than those identified by 

formal methods [5]. Risk factors for functional 

constipation include older age, sex (women are 

disproportionately affected), socioeconomic position, 

pregnancy, a sedentary lifestyle, and diet, among 

others [3]. Although functional constipation is rarely life-

threatening and easily treatable, if left untreated this 

condition can result in serious bowel malfunction (e.g., 

faecal impaction, perforation of the intestine) resulting 

in a reduced quality of life and increased healthcare 

utilization. In fact, accumulating evidence shows that 

functional constipation is a significant factor in health 

care utilization, impairment in quality of life, and lost 

work productivity [6-12].  

While some cases of constipation may indicate a 

more serious complaint, for many, functional 

constipation could be relieved by simple dietary 

management. Dietary modification presents a safe, 

effective, and economical option for improving gut 

health that can be a natural alternative to 

pharmacological treatment [13, 14]. Dietary fibre has 

been highlighted as a nutrient of concern and 

deficiency is common in many European countries. For 
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example 80% of UK diets are fibre deficient [13, 14]. 

Simple, yet effective dietary modifications such as 

increasing daily fibre intake via foods, like whole grain 

cereals, fruit and vegetables, potatoes, and nuts and 

seeds, may also have major economic implications with 

respect to health care utilization and productivity. In 

fact, a recent study using United States data reported 

that annual savings in direct medical costs associated 

with the treatment of functional constipation could 

exceed $12 billion (in 2013 dollars) with an incremental 

increase in the consumption of dietary fibre [15]. No 

such evaluation has been conducted in Europe, where 

current dietary fibre intakes for adults reportedly range 

from 18 g/day to 29.7 g/day, on average, in men, and 

from 15.7 g/d to 21.7 g/day, on average, in women, 

across the 22 countries included in the survey [16]. The 

current fibre recommendation by the European Food 

Safety Authority’s Panel on Dietetic Products, Nutrition 

and Allergies for adults with normal bowel movement is 

25 g/day [16].  

The objective of this study was to identify potential 

cost savings in terms of direct medical expenditures 

(i.e., medical encounters and prescriptions) associated 

with increased intake of dietary fibre in the United 

Kingdom, Ireland, and Spain. The model presented 

was designed to be flexible and capable of exploring a 

wide range of inputs. A base case as well as multiple 

sensitivity analyses were evaluated and are discussed.  

METHODS 

A decision-analytic economic model requires a 

number of different types of input in order to populate 

all the input parameters. First, in this case, estimates 

about the size of the population are needed. These can 

be identified from standard sources. Second, clinical or 

epidemiological inputs are required to identify the 

proportion of people who might benefit from an 

intervention. For example, in this case it is necessary to 

understand the proportion of the population that has 

constipation as well as the proportion that has sub-

optimal dietary fibre intake. These types of data 

typically are derived from peer-reviewed, published 

literature or national surveys. If pharmaceutical 

interventions were being compared, data might be 

derived from clinical trials and/or meta-analyses of 

published literature. Finally, the third major type of input 

for this type of model is the cost of illness, in this case, 

constipation. These costs are often available in the 

literature or can be collected prospectively or built-up 

from expected resource utilization rates multiplied by 

the cost per unit. Care needs to be taken that estimates 

are relevant in terms of perspective (eg hospital costs 

versus the total cost of care) and that currency is 

adjusted to the same fiscal year.  

As a model with so many types of inputs from 

various sources is subject to multiple sources of 

uncertainty, it is important to conduct sensitivity 

analyses to explore the influence of various model 

inputs and the extent to which each may affect the 

model’s results. However, the use of published and/or 

validated sources is considered best practice [17, 18], 

and often preferred to primary data collection in that the 

findings tend to be more generalizable. 

The decision-analytic model estimates the direct 

medical cost savings associated with constipation 

among adult men and women based on the following 

factors: (1) baseline dietary fibre consumption, 

specifically, the proportion of the population not 

meeting intake recommendations; (2) the prevalence of 

constipation among those not meeting dietary fibre 

intake recommendations; (3) the proportion of those 

likely to respond, in terms of alleviation of constipation-

associated symptoms, to increased dietary fibre 

intakes; (4) the estimated decrease in constipation 

prevalence associated with each 1 g/day increase of 

dietary fibre intake; and (5) the expected change in 

dietary fibre intake. The medical costs for constipation 

prior to and following the hypothetical intervention (i.e., 

increased dietary fibre intake) are compared.  

All inputs used for this model were extracted from 

the peer-reviewed literature and no original research 

involving human subjects was conducted; therefore, 

the study was not subject to institutional review board 

review and did not require written informed consent.  

The model focuses on adults because while there 

appears to be substantial prevalence of constipation 

among young children, increasing dietary fibre intake 

as a first-line treatment is less common in the pediatric 

population [2, 19, 20]. Since there is minimal 

opportunity for a change in diet to affect constipation 

rates for this population, they have been excluded from 

the model.  

Identification and Definition of Input Parameters 

The spreadsheet model includes inputs from 

multiple sources. A full list of these sources and base 

case parameters are presented in Tables 1-3. Many of 

the input parameters were obtained directly from the 

peer-reviewed literature. As the tables demonstrate, 

default values were provided, but the user can vary the 

inputs within a specified range or add a value that is 

more specific or is outside of the range. 
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Table 1: Input Parameters and Sources: United Kingdom 

Parameter Value (Base Case) Source(s) 

Population meeting fibre recommendations 

Male 33% North/South Ireland Study [24] 

Female 13% North/South Ireland Study [24] 

Population with constipation 

Male 9.2% Suares and Ford 2011 [26] 

Female 17.4% Suares and Ford 2011 [26] 

Percent of population expected to 
respond to fibre 

85% Voderholzer et al. 1997 [28] 

Percent reduction in constipation 
associated with each 1 g increase in fibre 
intake 

1.9% Dukas et al. 2003 [29] 

Constipation severity 75% require GP only; 

25% consult with specialist 

Assumption 

Annual cost 

GP 302.45/ 249.22 Guest and Varney [31], Guest et al. [32], Taylor and Guest [33] 

Specialist 388.15/ 319.83 Guest and Varney [31] 

Population, age 15 + 

Male 25,857,671 http://www.indexmundi.com/united_kingdom/demographics_profi
le.html 

Female 26,548,048 http://www.indexmundi.com/united_kingdom/demographics_profi
le.html 

 

Table 2: Input Parameters and Sources: Ireland 

Parameter Value (Base Case) Source(s) 

Population meeting fibre recommendations 

Male 33% North/South Ireland Study [24] 

Female 13% North/South Ireland Study [24] 

Population with constipation 

Male 9.2% Suares and Ford 2011 [26] 

Female 17.4% Suares and Ford 2011 [26] 

Percent of population expected to respond to 
fibre 

85% Voderholzer et al. 1997 [28] 

Percent reduction in constipation associated 
with each 1 g increase in fibre intake 

1.9% Dukas et al. 2003 [29] 

Constipation severity 75% require GP only;  

25% consult with 
specialist 

Assumption 

Annual cost 

GP 302.45/ 249.22 Guest and Varney [31], Guest et al. [32], Taylor and Guest [33] 

Specialist 388.15/ 319.83 Guest and Varney [31] 

Population, age 15+ 

Male 1,864,216 http://www.indexmundi.com/ireland/demographics_profile.html 

Female 1,891,244 http://www.indexmundi.com/ireland/demographics_profile.html 
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Table 3: Input Parameters and Sources: Spain 

Parameter Value (Base Case) Source(s) 

Population meeting fibre recommendations 

Male 6% Evaluacion Nutricional de la Dieta Espanola [25] 

Female 3% Evaluacion Nutricional de la Dieta Espanola [25] 

Population with constipation   

Male 5.5% Garrigues et al. [27] 

Female 22.0% Garrigues et al. [27] 

Percent of population expected to respond to 
fibre 

85% Voderholzer et al. 1997 [28] 

Percent reduction in constipation associated 
with each 1 g increase in fibre intake 

1.9% Dukas et al. 2003 [29] 

Constipation severity 75% require GP only; 

25% consult with specialist 

Assumption 

Annual cost 

GP 302.45/ 249.22 Guest and Varney [31], Guest et al. [32], Taylor and Guest 
[33] 

Specialist 388.15/ 319.83 Guest and Varney [31] 

Population, age 15+ 

Male 19,734,451 http://www.indexmundi.com/spain/demographics_profile.html 

Female 20,457,816 http://www.indexmundi.com/spain/demographics_profile.html 

 

Population data were taken from Index Mundi [21-

23]. Values for baseline dietary fibre intakes were 

derived from publicly available estimates [24, 25]. For 

example, the base case of the model assumes that 

33% of the adult male population and 13% of the adult 

female population meet dietary fibre recommendations 

in the United Kingdom and Ireland [24]. In Spain, as 

few as 3% (women) to 6% (men) of adults meet 

Spanish dietary fibre recommendations [25].  

Estimates of constipation prevalence based on 

Rome III diagnostic criteria whenever possible, were 

identified from a systematic review of the epidemiologic 

literature available in PubMed through March 2014. For 

the United Kingdom and Ireland, it was assumed that 

9.2% of men and 17.4% of women have functional 

constipation [26], while for Spain it was assumed that 

5.5% of men and 22.0% of women have functional 

constipation [27].  

The proportion of adults with functional constipation 

who would be expected to respond to dietary fibre is 

set at 85% in the base case [28]. This accounts for the 

possibility that some patients might not have functional 

constipation, that is, constipation that would be 

expected to respond to increased fibre intake; some 

proportion may be misdiagnosed and have IBS or 

another cause. Only one epidemiologic study provided 

sufficient data to estimate the percentage reduction in 

constipation prevalence associated with an increase in 

dietary fibre intake [29]; this study was conducted 

among women 36 to 61 years of age in the Nurses’ 

Health Study. The dose-response estimate generated 

from this study was used as the default value in the 

model for each country (i.e., for each 1 g increase in 

dietary fibre intake, the prevalence of constipation 

decreases by 1.9%).  

A literature search was conducted to identify the 

costs of treatment for patients with functional 

constipation. Multiple studies were identified [30-33]. 

Given the absence of differential cost data for men 

versus women, the base case assumes that annual 

costs are equivalent for adults in the United Kingdom, 

Ireland, and Spain. Costs were inflated to 2014 values 

using price index information as reported by Eurostat 

(epp.eurostat.ec.europa.eu/), and subsequently 

converted to Euros or pounds using exchange rates as 

reported by the Oanda Corporation (www.oanda.com). 

Tables 1-3 present the sources for cost inputs for the 

country-specific models. 

Important challenges in identifying costs are that 

most available studies are focused on opioid-induced 
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constipation, are for patients with constipation 

predominant irritable bowel syndrome (IBS-C), or are 

for very specific populations (i.e., adults in long-term 

care or infants). Thus, although many peer-reviewed 

publications appear to be relevant based on title review 

alone, only a limited number of cost studies are 

available for our study purpose, that is, estimating the 

cost associated with treatment for functional 

constipation specifically. Of the studies reporting direct 

medical costs for functional constipation, they included 

costs associated with physician visits (either a general 

practitioner or a specialist), diagnostic tests, and 

pharmacologic treatment [31-33]. The publications that 

provided cost estimates also presented rates of 

success—that is, the lack of need for additional 

treatment at either 3- or 6-month intervals [31-33]. 

Treating each study individually, the model applied the 

proportion of successfully-treated patients at each time 

interval, thus if 20% of patients could discontinue 

treatment after 3 months, the remaining 80% would 

have the cost of constipation treatment applied for 

months 4-6, while 20% would have no cost for the next 

quarter. Similarly, the same success rate was applied 

to the patients who required treatment for a second 

quarter. Of those patients, who represent 80% of the 

original population, 20% of those patients would be 

able to discontinue treatment in the next quarter and 

the remainder would require additional treatment (i.e., 

80% of 80%, or 64% of the original population at 

baseline). The annual costs for each study were then 

averaged to estimate the annual costs for patients with 

physician-diagnosed functional constipation. 

A base case was created to reflect a plausible 

scenario given existing information. The base case is 

limited to the adult population (age 15 and older), and 

distributes the population as follows: 25% make no 

change in fibre intake, 25% increase daily fibre intake 

by 3 g/day, 15% increase daily fibre intake by 4 g/day, 

25% increase daily fibre intake by 5 g/day, and 10% 

increase daily fibre intake by 11 g/day. An increase of 

as little as 3 g/day was included in accordance with 

evidence that suggests small changes in dietary fibre 

intake have been shown to produce measurable 

changes in digestive symptoms in the short-term [13]. 

The proportion of cases treated by general practitioners 

(GP) versus specialists is an assumption. The base 

case assumes that 75% of adults who present for care 

are treated by a GP and the remainder present at a 

specialist. There is no evidence in the literature to 

inform this parameter, but guidelines for constipation 

typically suggest a treat-then-test approach [34], 

implying that primary care providers are an important 

first step in treatment [35]. These values can be 

modified by the user and were tested in sensitivity 

analyses. 

For each input parameter, sensitivity analyses were 

conducted assuming a range of plausible values. The 

model is designed to allow the user to specify the 

distribution of the population based on the following 

categories: no additional dietary fibre, or an additional 

3, 4, 5, 6, 7.5, 8, 9, 10, 11, or 15 g/day of dietary fibre. 

A key sensitivity analysis case assumed that all adults 

with dietary fibre intake below recommended levels 

would increase their dietary fibre intakes by 11 g/day, a 

value that is consistent with the addition of a bowl of 

bran cereal to the diet daily. Actual intake amounts 

vary, with more men meeting daily intake requirements 

than women [24]. In addition, sensitivity analyses 

explored the results if all patients were successfully 

treated at three months (i.e., accrued no additional 

constipation treatment costs after three months) or if all 

required treatment for the entire 12-month period. 

RESULTS 

Country-specific results for the base case show that 

the annual cost savings were estimated at 

127,037,383 in the United Kingdom, 8,791,992 / 

7,244,513 in Ireland, and 121,699,804 in Spain 

(Table 4). 

Univariate sensitivity analyses show that the largest 

change (increase) in cost savings corresponds to the 

scenario in which every adult increased daily fibre 

intake by 11 g/day (Table 5). For example, in the 

United Kingdom, this corresponds to a 197% increase 

from the base case results, or 377.3 million. Another 

influential parameter was the percent of population with 

functional constipation. Sensitivity analyses explored 

setting the proportion of men and women who report 

constipation to 5.5% and 22.0%, respectively; these 

Table 4: Results 

Annual Cost Reduction 
Key Parameters and Change(s)  

United Kingdom Ireland Spain 

Base case: 25% of adults make no change, 25% 
increase 3 g daily, 15% increase 4 g daily, 25% increase 
5 g daily, 10% increase 11 g daily 

127,037,383 8,791,992/ 

7,244,513 

121,699,804 
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values were the lowest prevalence found in the 

literature. Given the few studies and small difference in 

costs between GP and specialist care, assuming that 

all patients received care from one type of physician 

versus the other had little influence on the results. All 

results are presented in Table 5. 

Multivariate Sensitivity Analyses 

Extreme scenarios were explored with multivariate 

sensitivity analyses. A high-impact scenario, in which 

there was a large increase in fibre intake and a large 

proportion of the population with constipation who 

could respond to increased fibre, was assessed. This 

scenario estimates the constipation-related cost 

savings that would be realized with the worst baseline 

population health and the most substantial increase in 

fiber intake, thus maximizing the potential benefit of the 

dietary change. This high-impact scenario assumes an 

increased fibre intake of 11 g/day to the diet for all 

adults, that only 5% of adults (applied to men and 

women) currently meet fibre intake recommendations, 

that 33% have functional constipation, that 100% are 

responsive to fibre increase, that every 1 g increase in 

intake results in a 3% decrease in constipation, and 

that 100% of adults require specialist care. To explore 

the limits of cost savings, this scenario also assumes 

that patients require ongoing treatment for the entire 

year. An extreme high-impact scenario like this resulted 

in cost savings of more than 3.6 billion / 3.0 billion in 

the United Kingdom (data not shown). In the other 

direction, an extreme low-impact scenario (75% of 

adults meeting intake requirements, 75% do not 

change their diet, 25% increase their intake by 3 g/day, 

1% have constipation, 25% are responsive to fibre, 

there is a 1% reduction in constipation for each gram of 

fibre, patients are treated in three months, and all 

treatment is by a GP) showed a cost savings in the 

United Kingdom of 31,959 / 26,334 (data not shown).  

DISCUSSION 

Significant proportions of the population throughout 

Europe do not eat enough fibre and as a result are at 

risk of developing functional constipation and 

associated symptoms of digestive discomfort [13, 14]. 

Increased dietary fibre consumption for adults with 

functional constipation is associated with a significant 

cost savings in the United Kingdom, Ireland, and Spain. 

The direct medical cost savings estimated across 

countries are likely conservative estimates due to the 

exclusion of children and lost productivity costs in the 

model.  

Fibre is an essential part of a balanced diet. It is a 

collective term for a group of non digestible compounds 

found in plants which differ in their chemical structure 

and physical properties. They elicit a variety of 

physiological effects but share the ability to pass 

undigested into the large intestine [13, 14]. 

Wholegrains, fruits, vegetables, legumes and nuts are 

sources of fibre. Simple changes to dietary habits can 

have a big impact on fibre intakes. Promoting high fibre 

options of commonly eaten foods such as breads, 

breakfast cereals, and other grain based foods can be 

a simple strategy for improving fibre levels in the 

population. Foods can be labeled in Europe as “high in 

fibre” when they contain 6g or more fibre per 100g of 

food or “source of fibre” when they contain 3g or more 

Table 5: Sensitivity Analysis: Change in Cost Reduction 

Change in Annual Cost Reduction from Base Case 
a, b

 
Key Parameters and /or Change(s) 

United Kingdom Ireland Spain 

All adults (15 and older) add 11 g fibre to daily diet +197% +197% +197% 

10% of adults meet fibre intake recommendations +17% +12% +1% 

50% of adults meet fibre intake recommendations -35% -38% -9% 

5% of adults have functional constipation -68% -60% -61% 

25% of adults have functional constipation +44% +80% +78% 

25% of adults are responsive to fibre increase -71% -71% -71% 

100% of adults are responsive to fibre increase +18% +18% +18% 

100% require GP care -18% -18% -78% 

100% require specialist care +6% +6% +6% 

100% require 12 months of treatment +73% +73% +73% 

100% require 3 months of treatment -57% -57% -57% 

a
A lack of country-specific input information resulted in equivalent estimates across countries for some sensitivity analyses. 

b
The percent change in cost reduction is associated with the proportion of the population that may benefit from additional fibre consumption given the parameter in 

question. For example, if only 10% of adults in the United Kingdom meet the recommended intake for fibre, as opposed to approximately 22% under the base case, 
the proportion of the population that may benefit from additional fibre intake increases; therefore, we see a 17% increase in the possible cost reduction.  
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per 100g. Strategies to increase supply, availability and 

consumer demand of high fibre variants of commonly-

consumed foods could improve population intakes. The 

finding that a simple, realistic dietary change at the 

population level consisting of increased daily fibre 

intakes results in an economic benefit supports efforts 

to ensure that all individuals have access to fibre-rich 

foods as well as efforts to modify individual dietary 

intake behavior.  

Even though the model’s inputs were derived from 

published, peer-reviewed studies, there is always some 

amount of uncertainty around model inputs [17, 18]; we 

have tried to address uncertainty through sensitivity 

analyses when possible. For example, misclassifica-

tion, misdiagnosis, and failure to diagnose (as not all 

individuals who suffer from constipation seek medical 

care) have hampered efforts to ascertain accurate 

prevalence and incidence of functional constipation. 

Even when validated surveys have been used to define 

constipation, the estimates can differ greatly based on 

the method used and whether frequency, consistency, 

or a combination of the two are considered [26]. The 

diagnostic criteria for constipation have also changed 

over time, and dietary fibre intake estimates are based 

on self-report. By using a fairly strict criterion for 

constipation, the findings presented in the current study 

may underestimate the number of potential patients 

and thus the estimated cost savings. However, 

sensitivity analyses were conducted that varied the 

prevalence of constipation and thus help provide 

minimum and maximum results given different inputs. 

Also important to considering the broader 

applicability of these findings, for every input parameter 

possible, the model attempts to limit values to 

functional constipation and exclude inputs relevant to 

IBS. Prevalence estimates are specific to functional 

constipation, cost studies that included patients with 

IBS were excluded, and, by design, the model is only 

relevant for a population for whom increased fibre 

intake would be expected to minimize constipation. The 

effect of increasing fibre among patients with IBS could 

accomplish the opposite. The burden and costs of IBS 

are substantial [36, 37]; this model explicitly excludes 

patients and costs of IBS. 

Certain populations are often excluded from the 

types of surveys that estimate prevalence, including the 

institutionalized elderly and neonates, as well as 

patients who are suffering from opioid- or other drug-

induced constipation or for patients where 

polypharmacy is necessary [38-40]. These types of 

patients were specifically excluded from the model. 

While the relationship between fibre intake and 

constipation may be different for these patients, it 

should be cautioned that they still incur constipation-

related treatment costs. Prevalence, effectiveness, and 

costs may be different among the institutionalized 

elderly than in community-dwelling adults, and 

treatment patterns in the pediatric population are 

different from those among adults; as a result, the 

estimates reported are not generalizable to these 

specific populations.  

The estimate used for the decrease in constipation 

associated with each 1 g/day increase in dietary fibre 

intake was derived from a single study of adult women 

in the United States [29]. Future research to refine the 

value or to provide separate estimates by age, sex, and 

country would be welcomed.  

Population-level assumptions were made about the 

association between baseline dietary fibre intake and 

constipation prevalence. The model does not consider 

the distribution of intake and how that could affect the 

proportion of patients who would benefit from particular 

intake increases; this is due partly to the lack of 

complete data on population intake of dietary fibre. In 

reality, there may be adults with a daily intake just 

below the recommended amount who would benefit 

from as little as 1g additional daily, while there are also 

adults whose intake is so low that even an increase of 

11g daily would not be sufficient to eliminate the 

possibility of low fibre-related constipation. While the 

model could have considered various distributions of 

intake in the population, without sufficient data to 

inform which distributions should be used, the inclusion 

of this element would have added precision to the 

model without necessarily increasing accuracy. Based 

on stool weight, an average increase of 8 g/day of 

wheat bran fibre may be sufficient, on average [41]. 

Further understanding of the distribution of fibre intake 

may help refine the model. While it is not the intent of 

the model to demonstrate cost savings associated with 

other digestive symptoms, increased intake of fibre has 

been shown to improve other aspects of bowel function 

[13] and could be fully explored if more data were 

available. 

The simplifying assumption about the distribution of 

intake in the model is relevant for the likely changes in 

constipation prevalence and costs. Specifically, 

considering the population as a whole, the model 

assumes that the relationship between constipation 

prevalence and costs is linear (i.e., that a 1.9% 

decrease in constipation would result in a 1.9% 

reduction in constipation-related costs). Although 
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plausible, this assumption does not account for a 

variety of scenarios. For instance, this change in 

constipation might result in patients using prescription 

medications who were able to switch to over-the-

counter (OTC) treatments or it may mean an individual 

who had previously been using OTC treatments often 

will now use them only rarely. This change might also 

mean those with already close-to-acceptable dietary 

fibre intake might have no constipation-related costs at 

all. More likely it means a combination of these 

possibilities will exist in the population rather than just 

one. Additionally complicating the assignment of costs 

is that cost estimates are sparse and limited to direct 

medical costs, without consideration of indirect costs 

such as those related to lost work or school days per 

month [42, 43]. In addition, hospital and emergency 

costs may be incurred; a recent report suggests that 

hospitalization costs associated with constipation may 

be considerable and may be comprised substantially of 

emergency care, although the analysis did not mirror 

the population in this model and therefore is not directly 

comparable [44]. Hence, limiting the model to direct 

medical cost savings driven by outpatient care likely 

yields a conservative estimate for constipation-related 

costs. One might argue that there may be some 

amount of self-medicating with OTC medications 

among patients who would not qualify as having 

functional constipation based on survey or clinical 

criteria. While this may be true, costs for these patients 

are not borne by the healthcare system and therefore 

are beyond the scope of the present study. 

Many studies on the cost of constipation in the peer-

reviewed literature focus only on constipation 

associated with IBS. Since treatment costs for IBS-

related constipation are not a proxy for functional 

constipation, these studies and their cost estimates 

were not used in the model. Direct medical costs were 

also the only estimates considered, therefore yielding a 

conservative cost savings due to the exclusion of costs 

associated with lost productivity. Further, the model 

assumes that patients who present for treatment 

receive standard therapies. A multitude of alternative, 

complementary, and newer treatments, however, may 

have different costs and effectiveness rates [45-47]. 

The model can be adapted to accommodate data on 

other treatments as they become available, but they 

are not included at this point. 

Despite these limitations, the model addresses a 

potential reduction in constipation-related health care 

costs given the available data, and sensitivity analyses 

identify the input parameters to which the model is 

most sensitive. 

An important consideration from an economic 

standpoint relates to the types of foods that individuals 

would consume to obtain additional dietary fibre in their 

diets. This analysis did not assume an additional cost 

for increased dietary fibre consumption. Many foods 

that are available in both conventional and fibre-

enriched versions are comparably priced; in addition, 

there is a lack of data showing that fibre-rich foods are 

more expensive than lower-fibre foods [48]. Therefore, 

an additional cost was considered unnecessary for the 

model. In other words, the model assumes that 

consumers make simple substitutions of one product 

for another similarly-priced product that is otherwise 

nutritionally similar. This is supported by findings from a 

recent study that demonstrated how fibre intakes can 

be increased with simple, small-step substitutions 

without affecting caloric intake [49]. Further, the 

analysis assumed that individuals are increasing fiber 

intake in a reasonable manner, with care not to 

increase intake dramatically at once and with attention 

to adequate hydration. Failure to consider these 

measures could result in a need for healthcare 

resource use, counteracting the potentially beneficial 

effect of increasing fiber intake on constipation. 

It is possible that consumers may replace calorie-

dense food items with low energy-dense food items. In 

this case, dietary fibre intake is not the only factor that 

changes, but intakes of total energy and saturated fat 

may decrease, while intakes of other dietary 

components generally found in fibre-rich foods may 

increase [41]. Overall diet quality may therefore 

improve as a result of replacing calorie-dense foods 

items with lower energy-dense, fibre-rich food items 

[50, 51]. Thus, it is possible that unintended health and 

economic consequences of modifying fibre intake may 

occur. A substitution of a similar product might yield 

results such as this model calculated; in contrast, the 

replacement of one type of food for a dissimilar one 

may mean this model, which focuses only on 

constipation, grossly underestimates savings in direct 

medical costs that result from the unintended 

consequence of eliminating other products from the 

diet in favor of fibre.  

CONCLUSION 

Functional constipation, although not life threatening 

is a chronic condition that affects quality of life for many 

Europeans who are otherwise healthy. The public 

health implications of increasing dietary fibre intake to 

recommended levels for gastrointestinal health and 

chronic disease prevention may be considerable. While 

the vast majority of adults in Europe are not meeting 

recommendations, the potential benefits of increasing 
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intakes for both public health and cost savings are 

substantial. These efforts should include strategies to 

increase the supply, availability, and consumer demand 

of fibre-rich foods and higher fibre varieties of the foods 

individuals are already consuming.  
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