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Abstract

Background: Coeliac disease affects many aspects of quality of life and treat-

ment can be burdensome. Access to healthcare services is necessary for the

diagnosis and management of coeliac disease. The present study aimed to

investigate the healthcare experiences of adults with coeliac disease and

explore the relationship between experiences and quality of life.

Methods: A cross-sectional postal survey was sent to 800 members of Coe-

liac UK and contained questions about diagnosis, dietary advice, follow-up

appointments, prescriptions, knowledge and information provision, and

quality of life [Coeliac Disease Assessment Questionnaire (CDAQ)].

Descriptive statistics were calculated. A total problem score summarised the

number of problems experienced with healthcare services. Multiple linear

regression analyses were conducted to investigate experiential and demo-

graphic factors associated with quality of life.

Results: An average of 5.5 problems with healthcare services was reported,

with females reporting significantly more problems than males (6.5 versus

5.0, P = 0.003). The total problem score was significantly related to the

CDAQ overall index score and all CDAQ dimension scores (stigma, dietary

burden, symptoms, social isolation, and worries and concerns) (P < 0.001).

The analyses highlighted four key areas of healthcare experiences that were

significantly related to quality of life: information provision, general prac-

tioners’ knowledge, communication with health professionals and access to

prescriptions.

Conclusions: Poorer experiences of healthcare services in coeliac disease are

related to worse quality of life. Improving services in the four key areas iden-

tified may help adults with coeliac disease to achieve a better quality of life.

Introduction

Coeliac disease is a chronic autoimmune condition in

which the immune response is triggered by the consump-

tion of gluten, a protein found in wheat, barley and rye.

The prevalence of coeliac disease in the UK and Europe

is approximately 1% (1,2,3), with studies estimating that

many more people are living with undiagnosed coeliac

disease (2,4,5). The only current treatment is a lifelong glu-

ten-free diet (6), which can be challenging, particularly

when eating outside of home and at work (7). The burden

of following a gluten-free diet is comparable to or greater

than the treatment burden of chronic conditions such as

hypertension and end-stage renal disease (8). Coeliac dis-

ease can impact many aspects of quality of life, including

emotional health, and daily and leisure activities (9). Fur-

thermore, there is a small increased risk of malignancy

and mortality compared to the general population (10,11),

and an increased likelihood of developing other autoim-

mune diseases (12). Hence, it is important that people can

access health services to diagnose and manage their

condition.

In the UK, various bodies have developed guidelines

for the diagnosis and management of coeliac disease,

based on the best available evidence (13–17). For example,

the National Institute for Health and Care Excellence
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(NICE) guidelines state that people with coeliac disease

should be offered an annual review, although they do not

specify which health professional should conduct this (14).

Furthermore, a Quality Standard (18) for coeliac disease

sets out five key areas for healthcare improvement,

including receiving dietary advice from a knowledgeable

health professional. At the time of the study, people with

coeliac disease were also supported with access to gluten-

free foods on prescription. Prescriptions are free for those

meeting eligibility criteria (e.g. 60 years or older), whereas

others must pay prescription charges (currently £9 per

prescription, or £104 for a 12-month prepayment certifi-

cate that covers all prescriptions received within that per-

iod). National guidelines outline the quantities and types

of foods that can be prescribed (19). However, after the

present study was completed, as a result of financial pres-

sures on the National Health Service, access to prescrip-

tions has been restricted or stopped in some geographical

areas (20).

Asking patients about their healthcare experiences pro-

vides important information that allows providers and

commissioners to assess whether guidelines are followed

and standards met. Patient experience data focusing on

the factual aspects of the processes of care allow areas for

service improvement to be identified (21,22), whereas eval-

uations of care can help identify problematic aspects of

healthcare that are most important to patients (23), or

allow the acceptability of issues, such as waiting times, to

be assessed (24). In England, the Government is commit-

ted to providing patients with a positive experience of

care (25–26).

In coeliac disease, patient experience surveys have

tended to focus on specific aspects of healthcare, such as

follow-up (27), consultations with dietitians (28) and diag-

nosis (29). As far as we are aware, no studies have

explored broader experiences of healthcare services (from

diagnosis to follow-up), as investigated in, for example,

neurological conditions (30). Research exploring the rela-

tionship between experiences and quality of life in coeliac

disease has found significant associations between infor-

mation provision and outcomes (31,32), although few stud-

ies have investigated this. The present study aimed to

investigate patients’ experiences of healthcare services in

coeliac disease, from before diagnosis to the time of the

survey, as well as explore the relationship between experi-

ences of healthcare and quality of life.

Materials and methods

Study design

A cross-sectional postal survey of 800 members of Coeliac

UK, a charity for people with coeliac disease, was con-

ducted (September 2014). Members were eligible to

participate if they were aged 18 years or older; lived in

the UK; and self-reported a medical diagnosis of coeliac

disease. To increase the likelihood of achieving a diverse

sample, a random sample, stratified by ethnicity, age, and

gender, were selected from Coeliac UK’s membership

database and invited to participate (for sampling strata,

see Supporting information, Table S1). The number of

respondents invited to participate was based on the

assumption that a 30% response rate would be achieved,

thus providing a sufficiently large sample on which to

perform the analyses. The survey included the Coeliac

Disease Patient Experience Questionnaire (developed for

this study and described below) and demographic and

disease-related questions (e.g. time since diagnosis, dietary

adherence). The Coeliac Disease Assessment Question-

naire (CDAQ) (9,33) was also included and assesses

health-related quality of life in adults with coeliac disease.

It has 32 items addressing five dimensions: stigma; social

isolation; symptoms; dietary burden; and worries and

concerns. Dimension scores and an overall index score

can be calculated (0–100), with higher scores indicating

better quality of life. Ethics approval was obtained

through the University of Oxford Central University

Research Ethics Committee (Reference: MSD-IDREC-C1-

2014-031).

The Coeliac Disease Patient Experience Questionnaire

The Coeliac Disease Patient Experience Questionnaire

contains 53 questions about experiences of healthcare in

relation to coeliac disease from pre- to post-diagnosis,

which address diagnosis, dietary advice, follow-up

appointments, prescriptions, and knowledge and informa-

tion provision (for the questionnaire, see Supporting

information, Appendix S1). Questionnaire items were

derived from a thematic analysis of qualitative interviews

with 23 adults with coeliac disease. The purpose of the

interviews was two-fold: (i) to explore patients’ experi-

ences of healthcare services in relation to the diagnosis

and management of coeliac disease and (ii) to understand

how living with coeliac disease impacts on the health-re-

lated quality of life of adults, as reported elsewhere (9).

Interviews were conducted until data saturation was

reached. Details regarding participant recruitment and

characteristics have been reported previously (9). Some

minor adjustments to questions were made following a

review of guidelines for the diagnosis and management of

coeliac disease (13,15,17,34). Questionnaire items were sys-

tematically assessed and refined using the Question

Appraisal System (QAS-99) (35) and reviewed by experts

(healthcare professionals, researchers, and Coeliac UK

employees). Finally, cognitive interviews (36,37) with 12

people with coeliac disease (round 1, n = 5; round 2,
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n = 7) were conducted to finalise the questionnaire. Two

key issues identified from the cognitive interviews were

the difficulty of capturing the diversity of experiences

across respondents and respondents’ difficulty in retriev-

ing certain information relating to more distant events.

Revisions to the questionnaire were made following each

stage to address any issues identified (see Supporting

information, Figure S1).

Analysis

Problem scores, missing data and summary variables

To analyse healthcare experience data, items were coded

as dichotomous problem scores (i.e. ‘no problem’ = 0 or

‘a problem’ = 1) (Fig. 1), where a problem was consid-

ered by the patient to be an aspect of healthcare that

could be improved upon (38). Certain items were unsuit-

able for coding as problem scores because they acted as

filter questions or added context to answers of other

questions (e.g. ‘Who was your most recent follow-up

appointment with?’). Thirty-one (of 53) items were coded

as problem scores.

Missing data as a result of a nonresponse were low

(<4%) with the exception of two items, ‘not offered a

blood test to diagnose coeliac disease’ (14.2%) and ‘pneu-

mococcal vaccination not offered’ (10.1%) (see Support-

ing information, Table S2). Furthermore, ‘skipped data’

occurred as a result of skip patterns in the questionnaire

(i.e. respondents were instructed not to complete certain

questions if deemed not applicable based on previous

answers) (see Supporting information, Table S2). Missing

and skipped data were coded as ‘no problem’ based on

the assumption, as adopted in other patient experience

surveys (38), that (i) any problems occurring would have

been reported, and (ii) if questions were not relevant,

individuals could not have experienced problems with

those aspects of care.

A total problem score was created to explore how expe-

riences varied between respondents and investigate associ-

ations with quality of life. Not all questions were relevant

to all respondents, and therefore a sum of items could

result in bias in the total problem score (i.e. those receiv-

ing fewer services may achieve lower total problem

scores). To minimise bias, dichotomous summary vari-

ables for dietary advice and follow-up care were created

(i.e. ‘no problems’ = 0 or ‘one or more problems’ = 1),

and two remaining items where missing and skipped data

totalled ≥20% were excluded from the total problem

score. The total problem score was the sum of problems

for the remaining dichotomised items and summary vari-

ables (0–21), where a higher score indicates a greater

number of problems. In summary, 29 of 31 dichotomised

problem scores contributed towards the total problem

score (see Table 1).

Statistical analysis

Descriptive frequencies and proportions were calculated

to show respondents’ overall experience of healthcare ser-

vices. Proportions are presented as the ‘number of people

affirming an item/number of people who were asked the

question’. Associations between CDAQ scores and the

total problem score were assessed using Pearson’s correla-

tion coefficients.

Bivariate analyses were conducted to explore the rela-

tionship between the total problem score and gender,

ethnicity, age, time since diagnosis, number of comor-

bidities, gluten consumption and marital status. Number

of comorbidities was calculated as the sum of comorbidi-

ties that the respondent selected from a list of conditions

associated with coeliac disease, plus any additional self-re-

ported medical conditions. Chi-squared was used to

explore differences in follow-up between those diagnosed

for less than 10 years, and for those diagnosed for

10 years or more. Backwards stepwise multiple linear

regression analyses were conducted to explore the associa-

tion between quality of life (CDAQ overall index score or

dimension scores) and experiences of healthcare services

(‘total problem score’ or dichotomised experience items).

Included as potential confounders were: age, years since

diagnosis, number of comorbidities, gender, ethnicity,

marital status and gluten consumption. Regression coeffi-

cients for significant variables are shown in tables.

Q11. Did you receive enough information throughout the diagnostic process?

1 Yes, I received enough information

2 No, I did not receive enough information

3 No, I did not receive any information

4 I did not want any information

5 I can’t remember

Note: Boxes shaded black indicate a problem (coded as 1), unshaded boxes indicate no reported 
problem (coded as 0).

Figure 1 An example of coding experience questions as problem scores.
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P < 0.05 (two-sided) was considered statistically signifi-

cant for all analyses. Data were analysed using SPSS, ver-

sion 20 (IBM Corp., Armonk, NY, USA).

Results

Characteristics of study participants

Two hundred and seventy-six (34.5%) questionnaires

were returned. Eight respondents were excluded from the

analysis as they had not received a medical diagnosis. The

majority of respondents were female (61.9%), married

(59.3%), working (55.2%), white British (84.0%) and had

not purposefully consumed gluten within the past

12 months (72.0%). Respondents had a mean (SD) age of

49.5 (18.9) years and had been diagnosed for a mean

(range) of 7.5 (1–50) years, of which approximately 50%

were diagnosed within the past 4 years (see Supporting

information, Table S3).

Descriptive statistics

Diagnosis

The majority of respondents (93.3%, n = 250/268)

received a diagnosis of coeliac disease aged 16 years or

older, with 97.6% (n = 244/250) experiencing symptoms

prior to diagnosis. On average, respondents received their

diagnosis 4.0 years (range <1–50 years) after first seeking

medical advice about their symptoms, with many report-

ing the time to diagnose as fairly or very slow (48.0%,

n = 110/229). The majority had (94.0%, n = 235/250) or

were offered (1.2%, n = 3/250) an endoscopy to diagnose

their coeliac disease, with 12.8% (n = 32/250) reporting

waiting times as slow. Most (88.8%, n = 222/250) were

informed of their diagnosis by a hospital doctor/consul-

tant or their general practioner (GP), with 26.4%

(n = 66/250) reporting their diagnosis was communicated

in a somewhat unprofessional or inappropriate manner.

Some felt they did not receive enough information

throughout the diagnostic process (20.0%, n = 50/250) or

at the time of diagnosis (27.6%, n = 69/250).

Prior to diagnosis, most respondents spoke to a GP

(70.3%, n = 161/229) or a hospital doctor/consultant

(21.8%, n = 50/229) the most often. One-fifth reported

that they lacked confidence in this health professional

(21.8%, n = 50/229), that they did not feel their symp-

toms were taken seriously (20.5%, n = 47/229) or that

the professional did not listen carefully (16.2%, n = 37/

229).

Dietary advice

After diagnosis, 92.4% (n = 231/250) had a consultation

with a dietitian, although a few reported no access to a

dietitian when needed (3.6%, n = 9/250) or that access

was slow (21.6%, n = 50/231). The majority (82.7%,

n = 191/231) found their initial appointment helpful.

Some (17.3%, n = 40/231) did not receive a second diete-

tic appointment but would have liked one.

Follow-up appointments

More than one-half (59.3%, n = 159/268) reported receiv-

ing follow-up appointments, with the majority (94.3%,

n = 150/159) seen within the past 2 years. Receipt of fol-

low-up care was not significantly associated with time

since diagnosis (P = 0.055). Most appointments were

with a hospital doctor/consultant (46.5%, n = 74), GP

(20.8%, n = 33) or dietitian (18.9%, n = 30). Follow-up

appointments most frequently involved (i.e. more than

50% reported) blood tests (78.0%, n = 124/159), being

weighed (69.8%, n = 111/159) and the discussion of

symptoms (55.3%, n = 88/159). Few (<25%) reported a

discussion around food labelling (11.3%, n = 18/159), an

assessment of emotional well-being (17.6%, n = 28/159)

or a review of prescriptions (21.4%, n = 34/159). Respon-

dents generally found appointments helpful (84.3%,

n = 134/159). Of those not in receipt of follow-up care,

17.2% had been diagnosed within the past year and there-

fore the opportunity for follow-up may not yet have

arisen.

The majority (84%, n = 225/268) wanted follow-up

appointments in the future, with those diagnosed within

the past 10 years more likely to want follow-up appoint-

ments than those diagnosed for 10 years or more (88.4%

compared to 77.0%, P = 0.021). The preferred choice was

to receive annual appointments (60.4%, n = 136/225) with

a hospital doctor or consultant (48.4%, n = 109/225).

One-quarter were not receiving follow-up appointments

when they would have liked to (25.4%, n = 68/268).

Prescriptions

Prescriptions for gluten-free food were obtained by 70.1%

(n = 188/268) of respondents during the past 12 months,

with the most commonly prescribed items being bread or

rolls (61.6%, n = 165), pasta (42.9%, n = 115), and flour

or bread mixes (41.4%, n = 111). Of those receiving pre-

scriptions, 65.4% (n = 123) were entitled to free prescrip-

tions. Of those who pay for their prescriptions, 47.7%

(n = 31/65) considered the cost ‘fairly’ or ‘very’ expen-

sive. One-third (30.2%, n = 81/268) felt they had not

received enough information about obtaining gluten-free

food on prescription, with 20.1%, (n = 54/268) describ-

ing the process as ‘difficult’.

Knowledge and information provision

Many respondents perceived that GPs weren’t always

knowledgeable about coeliac disease (66.4%, n = 178/268)

or did not have a good understanding of the condition
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(42.5%, n = 114/268). Fewer people felt dietitians (19.0%,

n = 51/268) or specialist hospital doctors (10.8%, n = 29/

268) lacked this knowledge. In the past 12 months, 67.5%

(n = 181/268) had spoken to a health professional specifi-

cally about coeliac disease, of whom 41.0% (n = 110)

consulted their GP, 38.4% (n = 103) a hospital doctor/

consultant and 29.1% (n = 78) a dietitian. Some (30.6%,

n = 82/268) were not always able to get the information

and advice needed. When information was received,

16.4% (n = 44) reported problems with its consistency.

Problem scores and their relationship to quality of life

The number of respondents reporting problems with

healthcare services is shown in Table 1. Respondents

reported an average of 5.5 problems [interquartile range

(IQR) = 3–10; range 0–19], with females (6.5, IQR = 3–
10, n = 166) reporting significantly more problems than

males (5.0, IQR = 2–8, n = 97, P = 0.003). Single respon-

dents reported significantly more problems than those

who were married or in a civil partnership (P = 0.005).

An increase in the total problem score was significantly

associated with younger age (rs = �0.39, P < 0.001) and

a shorter time since diagnosis (rs = �0.16, P = 0.01). No

significant differences in the total problem score were

found by number of comorbidities, ethnic group, and

self-reported frequency of gluten consumption.

An increase in the number of problems with healthcare

services were significantly related to greater stigma

(r = �0.48, P < 0.001), increased dietary burden

(r = �0.35, P < 0.001), more symptoms (r = �0.39,

P < 0.001), greater social isolation (r = �0.48,

P < 0.001), more worries and concerns (r = �0.45,

P < 0.001), and worse overall quality of life (r = �0.51,

P < 0.001). Mean CDAQ scores are provided in the Sup-

porting information (see Supporting information,

Table S4), with further details, such as differences

between groups, available elsewhere (33).

Regression analysis

Association between total problem score and quality of life

The total problem score was significantly related to the

CDAQ overall index score (P < 0.001) after adjusting for

confounding factors (Table 2). The relationship between

total problem score and CDAQ dimensions were all

significant (P < 0.001) (see Supporting information,

Table S5).

Association between individual experience items and quality

of life

Healthcare experiences that were significantly related to

lower CDAQ overall index scores are shown in Table 3.

Healthcare experiences and demographic factors signifi-

cantly associated with CDAQ dimensions are shown in

Table 4. The consistency and provision of information

and advice were strongly related to all dimensions. Com-

munication with health professionals was significantly

related to stigma, social isolation, and worries and con-

cerns. Difficulty obtaining prescriptions was significantly

related to dietary burden and social isolation. Respon-

dents’ perceptions of GPs’ knowledge was significantly

related to dietary burden. Furthermore, a lack of confi-

dence in the health professional seen most often prior to

diagnosis, usually a GP, was related to stigma.

Discussion

Asking people about their experiences of health services can

provide valuable information to guide the improvement of

services (39). Furthermore, exploring the relationship

between experiences of healthcare and quality of life high-

lights key aspects for service improvement that are most

likely to result in quality of life gains. The present study

aimed to identify problems with healthcare experiences of

people with coeliac disease and investigate the relationship

between healthcare experiences and quality of life.

This research found moderate to strong correlations

between experiences of health services and quality of life,

with problems found in four key areas: (i) the consistency

and provision of information; (ii) perceived knowledge of

GPs; (iii) communication with health professionals; and

(iv) difficulties obtaining prescriptions. A strong relation-

ship between the consistency and provision of informa-

tion and quality of life is consistent with a German study
(31) reporting that dissatisfaction with information pro-

vided by doctors was predictive of reduced quality of life.

In the present study, quality of life was also related to the

accessibility and quality of dietary advice. Although most

respondents were able to see a dietitian following diagno-

sis, for some access was slow, an issue identified to a

greater extent in a Finnish study (32). Respondents report-

ing slow or no access to a dietitian reported worse quality

of life. Coeliac disease requires significant dietary changes,

and therefore, to maximise quality of life, it is important

that people receive adequate information about the glu-

ten-free diet, particularly at the point of diagnosis.

Because dietetic service provision has been previously

found to be insufficient (40), alternative methods of infor-

mation provision should be explored, for example, dieti-

tian-led group clinics (41), and web-based and mobile

technologies (such as those developed for Chronic

Obstructive Pulmonary Disease (42)).

Poor information provision from GPs could in part be

explained by the perception of many respondents (66.4%)

that GPs lack knowledge of coeliac disease. Similarly, a
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Finnish study (32) identified a key priority for patients was

the improvement of physicians’ knowledge. GPs are typi-

cally the primary point of contact prior to diagnosis, and

therefore a lack of knowledge may contribute to lengthy

diagnostic delays (43,44). GPs are also frequently consulted

following diagnosis, including for annual review (17).

Therefore, initiatives aimed at increasing awareness and

knowledge of coeliac disease among GPs are needed; for

example, through training and the modification of IT sys-

tems to support GPs with diagnosis and management (45).

Difficulty obtaining prescriptions was significantly

related to quality of life, specifically dietary burden and

social isolation. Fewer respondents (70.1%) reported

obtaining gluten-free food on prescription than a previ-

ous UK study (89%, n = 111) (27). Almost one-third

(30.2%) felt they had not been given enough information

Table 1 Respondents reporting problems with healthcare services (n = 268)

Healthcare experience

Respondents reporting

problems
Contributed to total

problem score?†n %*

Diagnosis

Felt their diagnosis of coeliac disease was slow 110 41.0 Yes

Health professional did not always inspire confidence 105 39.2 Yes

Health professional did not always listen carefully 98 36.6 Yes

Health professional did not always take symptoms seriously 94 35.1 Yes

Did not receive enough information at time of diagnosis 69 25.7 Yes

Informed of diagnosis in a somewhat unprofessional or inappropriate manner 66 24.6 Yes

Did not receive enough information throughout diagnostic process 50 18.7 Yes

Slow wait to receive an endoscopy 32 11.9 Yes

Not offered blood test to diagnose coeliac disease 8 3.0 –

Not offered an endoscopy to diagnose coeliac disease 4 1.5 Yes

Dietary advice

Dietary advice summary score‡ 99 36.9 Yes

Slow access to see dietitian following diagnosis 50 18.7 –

Not offered second appointment with dietitian when needed 40 14.9 –

Unhelpful first dietetic appointment 36 13.4 –

No access to dietitian following diagnosis when needed 9 3.4 –

Follow-up appointments

Pneumococcal vaccination not offered 141 52.6 Yes

Follow-up summary score‡ 116 43.3 Yes

Follow-up appointments not occurring (but individual would like to have follow-up)§ 68 25.4 –

Questions at follow-up appointment not always answered adequately 31 11.6 –

Unhelpful follow-up appointment 23 8.6 –

Regular follow-up is infrequent 8 3.0 –

No opportunity to ask questions at follow-up appointment 5 1.9 –

Prescriptions

Expensive cost of prescriptions 31 11.6 –

Not given enough information about prescriptions 81 30.2 Yes

Difficulties obtaining prescriptions 54 20.1 Yes

Knowledge and information

Felt GPs weren’t always knowledgeable about coeliac disease 178 66.4 Yes

GP did not always have good understanding of coeliac disease 114 42.5 Yes

Information and advice not always available from health professional when needed 82 30.6 Yes

Not given enough information about medical test results 78 29.1 Yes

Felt dietitians lacked knowledge about coeliac disease 51 19.0 Yes

Health professionals provided inconsistent information and advice 44 16.4 Yes

Felt specialist hospital doctors lacked knowledge about coeliac disease 29 10.8 Yes

GP, general practitioner.

*Percentage of respondents reporting problems calculated as a proportion of the whole sample (n = 268).
†

Indicates whether the item contributed towards the total problem score.
‡

The follow-up and dietary advice summary scores are dichotomous variables where 0 = ‘no problems’ and 1 = ‘one or more problems’ based on

whether problems were reported in the individual follow-up and dietary advice items.
§

Two items were combined to create this dichotomised problem score.

746 ª 2020 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd on behalf of

British Dietetic Association

Experiences of healthcare in coeliac disease H. Crocker et al.



about prescriptions. People are likely to benefit from

receiving clearer information about prescriptions and the

prescribing process at diagnosis and follow-up. This is

particularly important because prescribing policies at a

local level have not always been consistent with national

guidance (20), as well as with the introduction of new

policies (46).

Further to the four key areas identified above, many

respondents reported problems with follow-up care, such

as not receiving appointments. These findings support

those of another UK study (27) (62.0% received follow-up

compared with 59.3% in the present study). The NICE

guidelines (14) and quality standard for coeliac disease (18)

both state that people should be offered an annual review,

and therefore access to follow-up needs to be improved.

For those receiving follow-up care, emotional well-being

was rarely assessed (17.6%). Because there is a relation-

ship between coeliac disease and mental health problems

such as depression and anxiety (47–49), assessing emotional

well-being as part of review appointments could help to

reduce mental health problems in this population.

There are some limitations to the present study. A

cross-sectional design means causality cannot be deter-

mined. However, the data appear to suggest that poorer

experiences of services lead to poorer quality of life, or

those with poorer quality of life are not getting the sup-

port that they need, or a combination of these factors.

Either way, it follows that improving health services is

likely to result in improvements to quality of life. Pre-

senting patients’ experiences as dichotomous problem

scores is common with experiential data (30,38); however,

the proportions reported for questions not relevant to all

respondents are likely to be conservative estimates. As

such, although problem scores are a useful way of sum-

marising patients’ experiences to provide an indication of

what we know to be a problem, they may be an underes-

timate. Furthermore, the calculation of a ‘total problem

score’ assumes that all reported problems are equal.

Table 2 Multiple linear regression analysis of factors associated with Coeliac Disease Assessment Questionnaire (CDAQ) overall index score, with

‘total problem score’ as an independent variable

Dependent variable

Independent variables

Unstandardised

coefficients

b t Pb SE (b)

CDAQ overall index score

Constant 56.79

Age 0.19 0.056 0.20 3.38 0.001

Male 6.04 1.98 0.16 3.05 0.003

No of comorbidities �2.87 0.68 �0.23 �4.20 <0.001

Black and minority ethnicities �6.47 2.91 �0.11 �2.23 0.027

Total problem score �1.49 0.22 �0.37 �6.64 <0.001

Table includes significant variables only, adjusted r2 = 0.37, P < 0.001.

Table 3 Multiple linear regression analysis of factors associated with Coeliac Disease Assessment Questionnaire (CDAQ) overall index score, with

dichotomous experience items as independent variables

Dependent variable

Independent variables

Unstandardised

coefficients

b t Pb SE (b)

CDAQ overall index score

Constant 52.49

Age 0.17 0.58 0.17 2.83 0.005

Male 8.01 2.06 0.21 3.90 <0.001

No of comorbidities �2.68 0.72 �0.21 �3.73 <0.001

Years since diagnosis 0.23 0.11 0.11 2.09 0.038

Black and minority ethnicities �7.16 2.98 �0.13 �2.40 0.017

Health professional did not listen �6.40 2.04 �0.17 �3.14 0.002

Difficulties obtaining prescriptions �5.71 2.44 �0.13 �2.35 0.020

Inconsistent information and advice �7.01 2.60 �0.15 �2.70 0.008

Dietary advice score �5.05 2.02 �0.14 �2.50 0.013

Table includes significant variables only, adjusted r2 = 0.37, P < 0.001.
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Table 4 Multiple linear regression analysis of factors associated with Coeliac Disease Assessment Questionnaire (CDAQ) dimension scores, with

dichotomous experience items as independent variables

Dependent variable

Independent variables

Unstandardised coefficients

b t Pb SE (b)

CDAQ stigma score

Constant 40.87

Age 0.38 0.06 0.34 6.16 <0.001

Male 6.95 2.36 0.16 2.95 0.004

No of comorbidities �2.66 0.81 �0.18 �3.29 0.001

Informed of diagnosis unprofessionally �7.01 2.60 �0.14 �2.70 0.008

Inconsistent information and advice �11.83 2.97 �0.21 �3.99 <0.001

Lack of confidence in health professional �5.83 2.33 �0.13 �2.51 0.013

CDAQ dietary burden score

Constant 43.87

Male 5.95 2.37 0.15 2.51 0.013

Years since diagnosis 0.41 0.13 0.19 3.27 0.001

Consumes gluten

Never Reference

Rarely �3.12 3.08 �0.06 �1.01 0.312

Sometimes �7.81 3.75 �0.12 �2.08 0.038

Often or always �20.44 7.81 �0.15 �2.62 0.009

Difficulties obtaining prescriptions �5.56 2.78 �0.12 �2.00 0.047

Information and advice not available �5.84 2.51 �0.14 �2.33 0.021

GPs lack knowledge of coeliac disease �5.20 2.60 �0.13 �2.00 0.047

Dietary advice score �4.81 2.38 �0.12 �2.02 0.045

CDAQ symptoms score

Constant 53.89

Age (years) 0.33 0.07 0.26 4.53 <0.001

Male 9.72 2.73 0.19 3.56 <0.001

Black and minority ethnicities �10.72 4.15 �0.14 �2.58 0.010

Consumes gluten

Never Reference

Rarely �0.47 3.57 �0.01 �0.13 0.894

Sometimes �9.91 4.31 �0.12 �2.30 0.022

Often or always 15.24 9.58 0.09 1.59 0.113

No of comorbidities �4.86 0.94 �0.29 �5.16 <0.001

Inconsistent information and advice �7.96 3.57 �0.12 �2.23 0.027

Dietary advice score �8.82 2.74 �0.18 �3.22 0.001

CDAQ social isolation score

Constant 69.44

Age (years) 0.22 0.07 0.18 3.10 0.002

Male 5.18 2.60 0.11 1.99 0.047

No of comorbidities �3.60 0.91 �0.22 �3.97 <0.001

Health professional did not listen �11.21 2.61 �0.24 �4.29 <0.001

Not enough information throughout diagnosis �8.62 3.21 �0.15 �2.69 0.008

Difficulties obtaining prescriptions �6.65 3.15 �0.12 �2.11 0.036

Information and advice not available �7.13 2.81 �0.14 �2.54 0.012

CDAQ worries and concerns score

Constant 46.15

Age (years) 0.25 0.07 0.22 3.68 <0.001

No of comorbidities �2.44 0.85 �0.17 �2.87 0.005

Consumes gluten

Never Reference

Rarely 7.23 3.29 0.13 2.20 0.029

Sometimes 4.89 4.02 0.07 1.22 0.224

Often or always 4.49 8.63 0.03 0.52 0.603
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However, certain problems may be perceived by respon-

dents as more bothersome than others, yet this may vary

between respondents. As such, a sum of problematic

experiences provides a good estimate and is common

practice in the literature. Survey respondents were all

members of Coeliac UK and therefore it is possible that

this population differs from the wider population of peo-

ple with coeliac disease, although we are not aware of any

evidence to support this. Finally, the survey achieved a

response rate of 34.5%. Although similar to other studies
(44), the results should be interpreted with caution

because they may not be representative of the full popula-

tion of people with coeliac disease.

This research is the most comprehensive study of

patients’ experiences of healthcare services in coeliac dis-

ease. The study has identified four key areas (information

provision, GPs’ knowledge, communication with health

professionals and access to prescriptions) in which service

improvements are most likely to result in quality of life

gains for adults with coeliac disease.
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Abstract

Background: Short bowel syndrome (SBS) is a malabsorptive condition that

can result in intestinal failure (SBS-IF). Many patients with SBS-IF require

home parenteral nutrition (PN) for survival. However, PN has profound

effects on patients and their family members. The present study aimed to

understand the lived experience of SBS-IF for patients and their families.

Methods: In-depth semi-structured qualitative interviews were conducted

with 15 patients with SBS-IF and five adult family members living with some-

one with SBS-IF. A patient-centric approach was taken, with a patient steer-

ing group providing input and guidance to develop the interview guide. Key

concepts were identified using thematic analysis of interview transcripts.

Results: Patients’ lives were dominated by having SBS-IF. They described

physical impacts that included patient-reported signs and symptoms and

physical restrictions comprising of restrictions on daily life, actives of daily

living and physical functioning. In addition, they encountered emotional

impacts with a plethora of negative feelings and social impacts, such as diffi-

culties socialising and maintaining relationships. Patients coped by adapting

their life around SBS-IF, having support and adopting an attitude of grati-

tude and acceptance. Family members were also affected and, along with

patients, appreciated the respite of a night off from infusions.

Conclusions: Patients and families face many difficulties with SBS-IF.

Healthcare professionals can support patients by facilitating them explore

what others have found beneficial; adapting their life around PN, viewing

PN with acceptance and trying to cultivate gratitude. Further research into

the support required for families may be beneficial.

Introduction

Short bowel syndrome (SBS) is a malabsorptive condition

caused by surgical resection of the gastrointestinal tract as

a result of disease and many patients have a stoma (1).

SBS can cause intestinal failure (SBS-IF). These patients

need to have parenteral nutrition (PN) to meet their

nutritional or fluid requirements (2).

The prevalence of SBS-IF is difficult to establish and so

a proxy measure of number of patients receiving PN is

frequently reported. In Europe, this varies by country

with approximately 40 per million in the UK to approxi-

mately 80 per million in Denmark (3,4). However, these

figures are increasing because both Denmark and the UK

have reported increasing numbers of patients in recent

years (3,4). With this expanding patient population, it is

essential that patients and family experiences are under-

stood so that appropriate support can be offered.

Much of the available literature tends to be quantitative

in nature using generic quality of life patient-reported
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outcomes, which lack content validity for specific disease

populations (5), or using quality of life instruments

focused on PN rather than on SBS-IF (6,7). This research

indicates that patients on PN have a reduced health-re-

lated quality of life compared to matched controls (5),

with psychological symptoms, as well as sexual and social

dysfunction (8–10), and describe an inability to act sponta-

neously because daily life involves considerable planning

around infusions (11).

Both family members and patients are impacted by PN,

with them experiencing significant psychosocial burdens
(12–15). Families also face imposing financial restraints,

including decreased employment, and, more relevant to

private or insurance-based health economies, large

expenses for non-reimbursed medications (13).

Qualitative research, in contrast to quantitative, allows

for an in-depth exploration of a patient’s and family’s

experience. Currently, qualitative research has explored

the experiences of patients with cancer who take PN and

their families (16,17), as well as the experience of patients

with mixed benign conditions having PN (18,19). Patients

with cancer and family members are appreciative of the

treatment because it is a life line (16), whereas those on

long-term PN report impacts on functioning and overall

health status (13). However, the patients’ and family mem-

bers’ experiences of SBS-IF involve more than just PN.

The present study was to understand the patient and

family experience of living with SBS-IF by taking a holis-

tic approach. This will enable the true impact on patients

and family members to be explored, adding to the overall

knowledge of life on PN with SBS-IF.

Materials and methods

Study design

This was a qualitative, non-interventional interview study

involving patients with SBS-IF and family members. Each

participant was involved in a 1-h, face-to-face concept

elicitation interview at one time-point. To provide rigour

and support for a ‘patient-centric approach’, a separate

group of patients provided input in the development of

the interview guide (20). The interviews from the present

study were used in further work to create health utility

scores (21).

Rigour

Rigour was introduced by having a patient steering group,

comprising seven members from a support group for

individuals receiving home PN, provide input into the

development of the interview guide. The steering group

were asked whether the questions were easy to under-

stand, relevant to a person with SBS-IF, comprehensive

(captured all relevant concepts) and appropriate. Amend-

ments to the interview guide were made incorporating

their feedback. To avoid bias, patients involved in the

steering group were excluded as participants in the study

sample.

Sample

Patients were recruited via physicians from one specialist

intestinal failure unit. Psychological support was provided

by multidisciplinary team members with patients referred

to a clinical psychologist if required. Eligible patients had

to be aged ≥18 years, literate, fluent in English, have a

diagnosis of SBS-IF and to have received PN for at least

1 year. Eligible patients were asked whether they wanted

to nominate a family member to participate in a separate

interview about their experience of living with someone

with SBS-IF. A purposive sampling approach was taken,

with categories determined to ensure a range of clinical

and demographic characteristics were captured in the

study cohort (see Supporting information, Table S1).

Ethical considerations

The study was submitted for NHS ethical consideration

and approved by the National Research Ethics Committee

North West (Ref: 15/NW/0576) and received Research &

Development approval. Eligible participants were sent

written information prior to attending their routine clinic

appointment and had the chance to discuss the study

with a member of staff before deciding whether they

wanted to take part. All participants provided their writ-

ten informed consent.

Data collection

Face-to-face, semi-structured interviews were conducted

by two trained interviewers in the UK with patients and

family members; each interviewer conducted 10 inter-

views. Interviews lasted approximately 1 h, were audio

recorded and were conducted using detailed semi-struc-

tured interview guides. The interviews were conducted

using concept elicitation techniques such that open-ended

exploratory questions were asked to facilitate spontaneous

content (22–24), followed by direct, focused questions. The

interviews explored symptoms of SBS-IF, the broader

impact of the condition and the need for PN, as well as

future outlook.

Statistical analysis

Interviews were transcribed verbatim and analysed the-

matically. A software package, ATLAS.TI (25), was used to
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aid coding. The coding scheme was devised by discussion

between the project leader and project researchers review-

ing two interviews. This coding scheme was then used

throughout the coding process. As an iterative analytic

process, new codes were organically added throughout

the coding process. Words, sentences and key phrases

were identified from the transcripts and placed within the

formulated codes. The themes were generated by reading

through the codes and participant quotations. Quotations

have been used to illustrate the themes; each quotation

has been labelled with a pseudonym and, for patients, age

and the number of nights on PN is included (for exam-

ple, 5PN denotes 5 nights of PN).

Results

Participant sample characteristics

Seventy patients met the inclusion criteria and 37

agreed to be interviewed. From these, 15 patients were

chosen to give a diverse sample that most closely

matched the purposive sampling criteria. The criteria

were not met in three areas because either there were

no or very few patients matching the categories who

had clinic appointments during the recruitment period.

Five family members also took part and there was a

maximum of one family member per patient. All

patients were Caucasian with a mean age of 53.9 (range

32–76) years and most were living with a partner

(67%). Patients had PN between 3–7 nights per week,

although most were on 5–7 nights per week (73%).

Overall, there was a variety of demographic and clinical

characteristics (Tables 1 and 2).

Patient interviews

SBS-IF impacted on all aspects of patients’ lives; these

have been grouped into physical, emotional and social

impacts. Patients also spoke about coping with life having

SBS-IF.

Theme 1: Physical impacts

Physical impacts have been grouped into two subthemes,

patient-reported signs and symptoms, and physical

restrictions, which included physical restrictions on daily

life, restrictions on activities of daily living and physical

functioning.

Subtheme 1: Patient-reported signs and symptoms

Patients reported a variety of signs and symptoms as a

result of SBS-IF, such as dehydration, tiredness and fati-

gue, and pain (for other signs and symptoms discussed,

see Supporting information, Table S2).

Dehydration. Dehydration was a problem for patients;

‘Being thirsty is horrendous . . . all I want is a glass of

water, but I can’t have it’ (Sally, 52 years, 6PN). A variety

of factors triggered dehydration including eating and

drinking: ‘you have this dreadful thirst. Your body is tell-

ing you to drink . . . and you do and then it just is that

vicious circle that you just can’t get out of’ (Helen,

44 years, 4PN). Dehydration could be a daily occurrence;

‘All the time. Every day’ (Julie, 44 years, 6PN). Other

patients talked about severe episodes in the past.

Tiredness and fatigue-related symptoms. Patients

described tiredness and fatigue, which could leave them

unable to carry out their usual activities. ‘Sometimes I

just can’t even get up the stairs’ (Dora, 47 years, 7PN).

However, for some, the tiredness improved over time.

One patient commented that she had it ‘quite rarely now’

(Helen, 44 years, 4PN).

Pain. Pain was also described by patients particularly

stomach pain ‘It’s like someone’s got your insides and

knotting them up . . . it’s horrible, the pain. I mean really

bad’ (Julie, 44 years, 6PN). Others described burning pain

Table 1 Patient and family member demographics

Description

SBS patient

sample (n = 15)

Family member

sample (n = 5)

Age (years)

Mean (range) 53.9 (32–76) 53.8 (32–69)

Gender,

Male 5 3

Female 10 2

Living status,

Live alone 4 0

Live with husband/wife/partner 10 5

Live with parents/family

or friends

1 0

Ethnicity,

Caucasian 15 5

Highest level of education,

GCSEs (or equivalent) 6 3

A-level (or equivalent) 2 1

Undergraduate degree 1 0

Postgraduate degree 1 0

Other 2 1

Missing data 3 0

Work status,

Working full time 2 0

Working part-time 1 1

Full-time homemaker 1 0

Not working as a result of SBS 4 1

Retired 6 2

Other 1 1

SBS, short bowel syndrome.

769ª 2020 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd on behalf of

British Dietetic Association

A. M. Sowerbutts et al. Impact of short bowel syndrome



around the stoma, associated with their stoma bag leak-

ing. Generally, the experience of pain was variable and

depended on the cause of pain; patients could have pain

a few times a year, whereas others had it every week. The

length of pain also varied from a few seconds to up to a

whole day. ‘I think the worst ones are the

cramps . . . even if it’s only just sort of 20 seconds, it’s

really, really severe’ (Sarah, 45 years, 6PN).

Subtheme 2: Physical restrictions

Patients could find that their life was confined as a result

of their SBS-IF and the need for PN. Patients described

being limited in activities or experiencing a lack of free-

dom. ‘It impacts it a lot when . . . I’m having a bad day,

because I can’t do nothing. And then I go on the TPN

and then I’m stuck here’ (Dora, 47 years, 7PN).

In addition to restrictions from disease symptoms, the

patients had to be at home at a particular time to start

the feed ‘It’s difficult because you need to . . . be home at

a certain time to get it’ (Mark, 31 years, 3PN). The con-

stant need for the stoma bag to be emptied was also lim-

iting.

Patients sleep was curtailed as a result of having to pass

urine as a result of the fluid from the PN and needing to

empty the stoma bag ‘If I am on TPN I don’t sleep as

well, um, one because I go to toilet a little bit more, um,

from weeing . . . Unfortunately my bag will leak during

the night’ (Frank, 35 years, 3PN).

Patients were also restricted in self-care; having a bath

instead of a shower, showering every couple of days or

showering cautiously. ‘I tend to just have baths, so just to

try and avoid that – the line getting wet . . . You tend

not to have any showers because of that . . . it’s just a risk

of infection’ (John, 31 years, 3PN). By contrast, one

patient showered more often to maintain the sterile con-

ditions required with PN, as she wanted to be ‘extremely

clean’ (Sarah, 45 years, 6PN).

Patients also discussed impacts on physical functioning

such as their ability to take part in exercise and their

mobility being curtailed. As one patient said ‘I’ve

tried . . . by walking, by like trying to get yourself like a

bit stronger. I, I can’t go with it . . . it’s too exhausting’

(Julie, 44 years, 6PN).

Theme 2: Emotional impact

Patients discussed wide ranging emotional and psycholog-

ical impacts such as feelings of sadness, worry and frus-

tration.

Sadness

Patients expressed sadness due to having SBS-IF. They

could feel different from other people ‘It makes me feel

upset that I’m not just like everybody else’ (Sally,

52 years, 6PN) and not understood: ‘You’re feeling quite

low and . . . it’s almost like nobody else understands what

you’re going through’ (Helen, 45 years, 6PN). As well as

sadness for themselves, patients were also sad for their

spouses ‘makes me feel, uh, upset really, upset for her.

And when you’ve planned all your poor working life to

do this, that, and the other’ (Bill, 67 years, 5PN).

Worry

Patients commonly worried about getting a central

venous catheter infection; one patient described it as ‘the

only thing that worries me’ (Sally, 52 years, 6PN). This

concern was heightened for patients responsible for the

connection and disconnection of the central venous

catheter from the PN and wanted to be ‘always doing the

right thing . . . and were . . . frightened of going wrong’

(Joan, 70 years, 7PN). The stoma bag was another con-

cern; ‘I’ve just worried about my stoma leaking’ (Frank,

35 years, 3PN). Patients could also be worried about

being admitted to a non-specialist hospital ‘nobody else

understands my condition really. So it’s that lack of

understanding in the, the medical world’ (Helen,

44 years, 4PN).

Frustration

Patients discussed feeling frustrated. This could be a result

of restrictions of the PN regimen and amount of

Table 2 Patient clinical characteristics (n = 15)

Description

Total daily volume of PN use (ml)

Mean (range) 2643 (2000–3500)

Time since first on PN (months)

Mean (range) 100 (11–395)

Use of stoma bag, n

Yes 11

No 4

Type of bag, n n = 11

Colostomy 1

Ileostomy 8

Other 1

Missing data 1

Cause of SBS, n

Crohns 6

Surgical complications 3

Ischaemic bowel 1

Surgical interventions for ulcerative colitis 1

Avulsion injury to mesentery 1

Radiation enteritis 1

Ischaemic gut 1

Missing data 1

PN, parenteral nutrition; SBS, short bowel syndrome.
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equipment; for others, it was the symptoms of the condi-

tion or factors relating to their stoma, such as the appear-

ance of it or the bag leaking or needing frequent emptying.

Theme 3: Social impact

Patients experienced impacts on their social relationships

as a result of SBS-IF such as difficulties in socialising.

This was related to their constant need for the toilet or

checking the stoma bag. ‘I’ve always got to know where a

loo is and it puts me off going out for a meal’ (Paul,

67 years, 5PN). Events involving food and drink were a

particular problem because patients could not eat the

same quantity of food as prior to their illness and had to

be careful about what they ate and drank. This could lead

patients to avoid such events. ‘It’s normal for a person to

eat. That’s why I avoid going out with friends . . . They

all sat there eating, drinking beer . . . and I can’t’ (Julie,

44 years, 6PN).

SBS-IF impacted on patient’s relationships, in particu-

lar with their partner. ‘If you’re having sort of sex . . . I’m

embarrassed by it even with him’ (Sally, 52 years, 6PN).

There were also impacts on other family members with

patients being limited to what they could do with chil-

dren and grandchildren. Friends might not understand

the condition and this put strain on the friendship. ‘They

don’t understand . . . you try to explain and they

don’t – one of my friends just doesn’t understand . . . the

problems I have because . . . I look normal.’ (Dora,

47 years, 7PN).

Patients described hiding elements of their condition

from friends or family. Patients could feel embarrassed by

having a stoma so did not discuss it. Other patients did

not want to worry their family and wanted to be seen as

normal by their friends.

Theme 4: Coping with life having short bowel syndrome

with intestinal failure

The elements that helped patients cope with their condi-

tion were adapting their life around their illness, emo-

tional attitudes, support from others and having a night

off from PN.

Adaptation

Patients had adapted their life around their SBS-IF, in

particular tailoring their day around the PN regimen

‘Sometimes I need a bit longer in the morning to take

my feed off . . . I’ve just sort of accommodated it’ (Lisa,

45 years, 5PN). They had also adapted to having the

stoma bag and learnt to manage it ‘It’s something I’ve

got, I’ve got to learn to cope with it and I just get on

with it’ (Mary, 66 years, 7PN).

Emotional attitudes

The attitudes that helped patients manage with their con-

dition were gratitude and acceptance. Although the PN

regimen was restrictive, patients recognised that it was

keeping them alive and were grateful for it. ‘I’m really,

really grateful that there is such a thing as PN because I

couldn’t survive [without] it, literally’ (Sally, 52 years,

6PN). Patients came to a place of acceptance that helped

them cope with their life having SBS-IF; ‘you either can

work with the problem, you know, or you can be against

it and it’ll just make your life harder . . . You have to find

that happy medium’ (Frank, 35 years, 3PN).

Support

Support was another element which patients cited as

helping them cope with SBS-IF. Support came from vari-

ous sources; friends and family, nurses or specialist hospi-

tal staff, and patient support groups. Most patients were

satisfied with the support they received.

Night off from parenteral nutrition

Patients who were able to have a night off from PN dis-

cussed it as having a positive impact on their well-being. It

allowed them to participate in social activities and meant

that they could feel free and normal for that one night; ‘It

just makes me feel that that one day I can be a normal per-

son and just get up.’ (Sally, 52 years, 6PN). Although they

enjoyed having a night off from PN, some patients

acknowledged that it had a detrimental impact the morning

or day after in that they felt tired, dehydrated or hungry.

Despite the difficulties, all patients identified that a

reduction in nights on PN would make a big difference

in their lives. When asked about what they would con-

sider as an ideal treatment, a typical comment was for a

reduction in the hours or nights on PN; for example, one

patient said ‘If I didn’t have to be on it 7 nights a

week . . . just allow me, I suppose to feel normal’ (Mary,

66 years, 7PN).

Family member interviews

SBS-IF affected both family members and patients. Family

routines and activities could be affected. So, outings

needed to be planned around it and could be delayed ‘the

biggest upset . . . is that she may have to go to the toilet.

She might be there for quite a while . . . it does create a

delay then on things’ (Andrew).

There were particular impacts on holidays as a result of

the amount of equipment and planning needed. One

family member commented that when they went away

‘literally the whole car [is] taken up with medical equip-

ment . . . anything we do has to be planned around it’
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(David). This was stressful and could mean that the

patient and their family did not go on holiday; ‘We

haven’t been on holidays in a very long time . . . it’s

mainly the [PN]’ (Fiona). One family adapted by buying

a motorhome and commented ‘We’re going away more

now than we did before’ (Martin).

In addition, the patients’ SBS-IF could cause financial

constraints as a result of family members taking time off

work, which one participant described as a ‘financial

blow’ (Martin). Another participant gave up work leading

financial problems. ‘I don’t work anymore. I’m fulltime

carer for her now . . . [resulting in] mortgage

arrears . . . that is another massive stress’ (David). There

were no financial impacts reported by two participants; in

one case because they were retired.

Although, it caused problems, relatives expressed grati-

tude for the availability of PN: ‘I prefer that he didn’t

have to do it, but I’m delighted that it’s available, because

he would be dead if he didn’t have it’ (Michelle). Partners

would get involved and try to help patients with their

PN. ‘I actually try and help him out . . . maybe shorten

the time of the preparation for him . . . clean up the

kitchen for him just to, to come and set up his trolley,

do his med’ (Fiona). However, this could sometimes

cause friction between them; ‘I know that if I try and go

and get involved she gets agitated’ (David).

Their partner having PN had psychological impacts on

family members. Family members could be worried: ‘I

may be worried . . . about his line infections and him

feeling bad . . . because of course it affects . . . me psycho-

logically’ (Fiona). Family members could also be irritated

by the constraints of PN; ‘honestly in the beginning I did

feel slightly . . . irritated because there’s things that I

wanted to do that . . . didn’t happen’ (Fiona).

Family members, as well as patients, discussed the ben-

efit of reducing nights on PN. One participant noted that

it would improve the mood of them both. Others dis-

cussed that they would be less restricted in going out and

going on holiday.

Discussion

The present study aimed to understand the impact of

SBS-IF on patients and family members. Patients’ lives

were affected by symptoms from the disease and its con-

sequences; having a stoma and the PN regime. All aspects

of patients’ lives were affected by their condition; with

patients reporting physical symptoms and physical restric-

tions, as well as effects on emotional wellbeing, their

social life and relationships. Family members living with

the patient also were affected in multiple ways. Patients

described ways of dealing with their condition by adapt-

ing their life around the PN, adopting emotional attitudes

of gratitude and acceptance, having support from others,

and a night off from PN.

Previous research into patients’ perspective of SBS-IF is

limited; thus, the present study used qualitative methods

to gain an in-depth view of the patients’ perspective of

SBS-IF, as well as family members living with someone

with SBS-IF. Much of the literature has focused on the

patient experience of PN rather than considering the

effect of SBS-IF in its entirety on patients and their fami-

lies (26–28). Quantitative research using patient-reported

outcome questionnaires has found that patients have

diminished health-related quality of life (5,29). The data

collected from the interviews conducted in the present

study illustrate why this might be the case with patients

talking about a range of physical symptoms such as diar-

rhoea and abdominal pain, and the restrictive nature of

PN, all of which have a negative impact on quality of life.

Patients’ lives were limited as disease symptoms,

restrictions from the PN regime and living with a stoma

curtailed what they could do. Given the overwhelming

nature of the disease and the constraints it imposed,

patients had a plethora of negative emotions. This is

unsurprising because previous research using a validated

questionnaire with patients on PN has shown that belief

about lack of personal control leads to emotional distress

in these patients (30).

The constraints of living with SBS-IF and PN regimen

curtailed patients’ social lives and impacted on patients’

relationships. This is keeping with other research that has

demonstrated the impact of home PN on social life
(18,31,32), whereas other studies report that social life is

not effected (28). It is unclear why there was discrepancy,

although it does highlight the need to provide person

centred care for all patients.

Both family members and patients are affected by SBS-

IF and an important element of the present study was

uncovering that impact. Other research using a validated

questionnaire has investigated family member experience

of PN (14), although the present study is the first to use

qualitative interviews so that family members could freely

express their views. Family members wanted to help their

relative, although they could be worried about them and

be irritated with impositions from PN regimen.

As well as considering the impact of SBS-IF, we investi-

gated what helped patients cope. Patients described a num-

ber of elements, which could be classified as having a

positive outlook – adapting to their situation, seeing the

benefit of the PN and being thankful that it was keeping

them alive. Patients also cited the support they received

from others as a factor that helped them cope. Although

other studies have commented on how patients coped with

PN, such as trying to integrate it into daily life, they have

not drawn strategies together as a coherent theme (32,33).
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Another element having a positive impact on patients’

on general well-being was a night off from PN because

this gave them more freedom and feelings of normalcy,

although they could have an increase in symptoms the

following day. With the advent of treatments to improve

gastrointestinal absorption, such as glucagon-like peptide

(GLP)-2 and GLP-1, number of nights on PN is a poten-

tially modifiable factor (34–36). Patients’ desire for greater

freedom and normalcy was further reinforced when dis-

cussing a perfect or ideal treatment with a reduction in

hours or nights on PN being the most commonly

reported theme. This aligns with other research demon-

strating that health-related quality of life is related to the

number of nights patients receive PN (6).

Limitations and future research

The family member sample was small and further

research into the impact on family members is required;

in particular, exploring the adequacy of the support they

receive and whether additional support is required.

Conclusions

Patients with SBS-IF and their family members were

severely impacted by the condition. Healthcare profes-

sionals can help to support patients by facilitating them

explore what others have found beneficial; adapting their

life around PN, viewing PN with acceptance and trying

to cultivate gratitude. Further research into the support

required for family members may be beneficial.
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Abstract

Background: Coeliac disease (CD) is a chronic, autoimmune disease that

prevents individuals from processing gluten, leading to adverse health

effects. People with CD should adhere to a gluten-free diet (GFD); however,

adherence rates are well below optimal in adults with CD, ranging between

42% and 91%. To date, limited evidence is available on the nature and

magnitude of factors that affect adherence to GFD. The present study aimed

to develop a systematic review that critically appraises and synthesises evi-

dence on facilitators and barriers that affect adherence to GFD among

adults with CD.

Methods: Four databases were searched (Ovid Medline, CINAHL, PsychInfo

and Embase) using variant keywords to identify empirical studies meeting

the inclusion/exclusion criteria. A coding scheme was developed to extract

relevant information from each article.

Results: Forty articles were included. Grounded in the bioecological theory

of development, we synthesised the facilitators and barriers in the literature

into a social ecological model with multiple levels: system, community,

organisational, interpersonal and individual. The studies varied by design

and level of evidence; only one randomised trial was identified. The most

significant facilitators include (% of studies): increased education (22.5%);

increased knowledge of a GFD (20%); increased intention/self-regulatory

efficacy (17.5%); and coeliac association membership (12.5%). The most

significant barriers include: lower knowledge of CD (35%); restaurant/super-

market shopping (30%); poor patient education from practitioner (17.5%);

and low intention/motivation to adhere to a GFD (17.5%).

Conclusions: Improving knowledge of a GFD, becoming a member of a

coeliac association, and improving practitioners’ abilities to educate patients

on CD will create opportunities for improved adherence to GFD among

adults with CD.

Introduction

Coeliac disease (CD) is a chronic, autoimmune disease

that negatively impacts an individual’s digestive system.

Approximately 1% of the population worldwide live with

CD (1). For individuals who have CD, there is an environ-

mental trigger that leads to adverse health outcomes,

known as gluten. Gluten is a storage protein found in

many grains, including wheat, barley, rye, oats and triti-

cale (2). When an individual is exposed to gluten, the

gluten will customarily transfer through the individual’s

digestive system until it reaches the small intestine. At

this point, the gluten particles are recognised as foreign

invaders, leading to the release of immune cells that

attempt to destroy the gluten particles (3). As a result, the

lining of the small intestine also gets damaged, causing

possible villous atrophy responsible for many complica-

tions, including significant levels of nutrient malabsorp-

tion, leading to comorbidities (4). Although the majority

of individuals living with CD will display classic
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symptoms, such as diarrhoea, malabsorption and abdo-

men discomfort, some individuals can show atypical

symptoms or even no symptoms at all (5).

Because there is no known cure for CD, stringent

adherence to a gluten-free diet (GFD) is necessary to pre-

vent adverse health effects (6,7). Despite this, prior

research has shown that the adherence to a proper diet is

not always maintained, with dietary compliance ranging

from 42% to 91% (8,9). The low adherence rates may

compromise the health and well-being of individuals liv-

ing with CD, leading to comorbidities such as anemia,

severe malabsorption and various forms of malignancies
(10). Hence, it is important to obtain a better understand-

ing of the factors that can influence the ability of a per-

son with CD to adhere to a GFD.

To date, although some studies have investigated vari-

ous factors that may enhance, and/or limit an individual’s

ability to adhere to a GFD, limited knowledge is available

on the existing evidence in this area, which may inform

future research, practice and policy changes. Grounded in

the Bio-Ecological Theory of Development (BETD) and

the Social Ecological Model (SEM), the present study

contributes to this area and reports the results of a sys-

tematic review of the literature that identifies, critically

appraises and synthesises existing evidence on the facilita-

tors and barriers to adherence to GFD among adults liv-

ing with CD.

Bio-ecological theory of development/social ecological

model

The BETD originated from Urie Bronfenbrenner (11), pro-

gressing from his original ecological systems theory. The

theory’s main underpinnings dictate that, to understand

human development and decision-making, one needs to

explore the entire ecological system that encompasses

their life.

Derived from the BETD is the SEM, which incorpo-

rates the different components of the former into a visual

that describes the development of individuals as they go

through their lives, faced with both facilitators and

barriers at the different ecological layers that encompass

their lives. In the context of this systematic review, the

SEM is used to help explain the factors that are present

in peoples’ lives, which impact their adherence to a GFD.

Several facilitators and barriers impact their ability to

cope with their diagnosis. These facilitators and barriers

are expected to exist at various ecological levels. The rela-

tionship among these categories will help portray the

experience of an adult with CD attempting to adhere to a

GFD.

Materials and methods

Following the PRISMA guidelines (12), a systematic review

was conducted that synthesises existing evidence on the

facilitators and barriers for adherence to GFD among

adults with CD. Four major databases were searched

(November 2017): Ovid Medline (http://ovidsp.ovid.c

om), CINAHL (http://www.ebscohost.com/nursing/pro

ducts/cinahl-databases/the-cinahl-database), PsychInfo

(https://www.apa.org/pubs/databases/psycinfo) and

Embase (https://www.embase.com/) (for a detailed search

example, see Appendix A). These databases were used to

identify empirical studies that met the inclusion/exclusion

criteria (Table 1), which allowed a wide range of potential

studies to be identified, helping guarantee a saturated

search. The search strategy keywords included: coeliac,

adherence, gluten-free, gluten, treatment, coeliac, mainte-

nance, compliance, barrier(s), facilitator(s), factor(s) and

impacts. Reference lists of the retrieved articles were fur-

ther hand-searched.

Search strategy

Figure 1 presents the steps used in the search and screen-

ing process of articles. A coding scheme was developed to

extract relevant information from the included empirical

studies, including:

▪ Country of origin

▪ Age range and mean of participants

▪ Population sample including subsequent groups

Table 1 Inclusion/exclusion criteria

Term Inclusion criteria Exclusion criteria

Date of articles Published until 15 November 2017 –

Age of participants Adult population Children studies

Study design and

reporting

Empirical studies that report on facilitators

and barriers

Non-empirical studies (e.g. opinion papers, policy papers, review)

Participant population

Condition

Studies that solely focus on patients with CD Studies where comorbid disorders are present that influences

adherence to a GFD

Language English studies Non-English studies
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▪ Design of the study

▪ Barriers identified

▪ Facilitators identified

▪ Barriers influencing adherence to GFD

▪ Facilitators influencing adherence to GFD

▪ Summary of results

▪ Potential types of bias presented

Data extraction and analysis

The facilitators and barriers reported in each study were

classified according to the SEM. Hence, the facilitators/

barriers are presented according to the nature of each fac-

tor: Individual factors, Interpersonal factors, organisa-

tional factors, community factors and system-level

factors.

For all of the included articles, a critical appraisal was

conducted to assess the strength and rigour of the study.

Depending on the design of the study, a specific checklist

was used to assess the quality of each particular study.

Based on these validated checklists, the quality of evi-

dence and degree of recommendation of the article was

evaluated (13). The investigator was responsible for coding

all of the included articles. To ensure reliability, five were

randomly selected and also coded by another investigator.

The coding between the two researchers has high inter-

rater reliability, with 85% agreement.

Following recommended guidelines (14), a systematic

narrative synthesis was conducted; the results and specific

characteristics are reported and summarised for each of

the included studies. As per the PRISMA guidelines (15),

all of the information was compared across each of the

included studies, as well as within each study. The

reported facilitators/barriers were placed into different

ecological layers. These ecological layers are described in

the sections below.

Results

Table 2 presents a general overview of the studies

included in this review. Nineteen studies were conducted

in Europe, 15 in North America, five in Australia and

one in Asia. The studies were conducted from 1992 to

2017. The strength of evidence of each study is based on

the JBI levels of evidence (LOE) tool, which assesses the

quality of the study based on its design (15). It includes

Figure 1 Search and selection of articles.
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five levels, with multiple sublevels, including 1.a [system-

atic review (SR) of Randomised controlled trials (RCT)],

1.b (SR of RCT and lower studies), 1.c (RCT), 1.d

(Pseudo RCT), 2.a (SR of quasi-experimental studies), 2.b

(SR of quasi-experimental and lower studies), 2.c (quasi-

experimental prospectively controlled study), 2.d (pre-

test/post-test control group), 3.a (SR of cohort studies),

3.b (SR of cohort and lower studies), 3.c (cohort with

control group), 3.d (case-controlled), 3.e (observational

study without control), 4.a (SR of descriptive studies),

4.b (cross-sectional), 4.c (case series), 4.d (case study), 5.a

(SR of expert opinion), 5.b (expert consensus) and 5.c

(single expert opinion). The LOE of the studies included

in this systematic review ranged from 1.c to 4.c, with

1.c�3.d referring to a high level of evidence compared to

3.e–4.c. The majority of the studies had observational/an-

alytic designs, including case–control, cohort, and analyti-

cal cross-sectional studies. Only one randomised

controlled trial was found and included in the review; 10

studies had nonrandomised control groups and six stud-

ies were descriptive in nature. The sample sizes ranged

from 30 participants to 5912 participants. As a result of

the nature of CD, purposive sampling was used in the

majority of the studies.

Synthesis of facilitators and barriers

Tables 3 and 4 summarise the studies that reported evi-

dence on each facilitator and barrier that impacted GFD

adherence in adults with CD. Taking into consideration

the magnitude of the significance, the LOE, and the qual-

ity of each study, which takes into consideration partici-

pant selection, data collection/analysis and study biases,

the facilitators and barriers with the most supporting evi-

dence at each ecological layer were identified.

The individual layer represents factors that influence

dietary adherence based on personal characteristics, irre-

spective of individuals’ surrounding relationships and

environment. The interpersonal layer represents factors

that influence dietary adherence based on individuals’

direct relationships in their lives. The organisational layer

includes rules, regulations and influences from one’s sur-

rounding environment on adherence to a GFD. The com-

munity layer refers to factors that are based on

individuals’ influences by their relationships with their

surrounding society and social institutions. It also

includes any cultural influence on dietary adherence. This

layer also includes environmental boundaries. Last, the

system’s layer represents factors that impact dietary adher-

ence that originate from a macro, policy level (16).

Figure 2 synthesises and illustrates the results of this

systematic review using a social ecological model that

organises the various facilitators and barriers into

ecological layers and displays relationships that exist across

many layers in an individual’s life, and specifically within

the health system (17). When an individual is diagnosed

with CD, they are faced with many facilitators and barriers

that impact their ability to adhere to a GFD. This model

reports what area of one’s life each facilitator and barrier

fits into, highlighting where improvements can be made

to make positive changes. Beyond the individual layer, the

interpersonal layer includes factors that correspond to the

relationships that exist in an adult’s everyday life. As we

move externally, the organisational structure includes the

interactions adults make in their environment and how

those end up influencing GFD adherence. The community

layer is past the organisational level, and relates to soci-

ety’s impact on an adult with CD; it includes geographical

variables and cultural differences. Last, the final layer,

which is most distant from the individual, is the systems

layer. This layer encompasses laws and policies that may

impact an adult with CD. Although this layer is the most

distant, it also has the most substantial impact because the

structure of this layer has an impact on every other layer

of an individual’s life (10).

Individual facilitators/barriers

At the individual layer, four main factors were reported

in the literature that related to adherence to a GFD by

adults with CD: Education level/income, health status,

knowledge, and intention/motivation. The LOE of these

studies ranged from 1.c to 4.b.

First, individuals with a high level of education/income

were significantly associated with having higher GFD

adherence levels (18,19). These individuals were more

aware of the negative health impacts of non-adherence

and were less likely to be impacted by the high costs asso-

ciated with GF foods.

Second, an adult’s overall health and their adherence

levels to a GFD were shown to be correlated (18,20,21).

Adults’ perspectives on their health influenced their

adherence level to a GFD. This emphasises the impor-

tance of facilitating constant patient-practitioner commu-

nication to ensure patients are knowledgeable about their

health status.

Third, understanding how the consumption of gluten

can have adverse health risks to someone with CD was

linked to a higher ability to adhere to a GFD (22). If the

severity of CD is not known, someone may not be willing

to put in the effort to follow a GFD (23–28). Being edu-

cated on an illness allows individuals to be able to make

a more informed decision on how seriously they take

their treatment protocol.

Fourth, adults who had positive intentions when start-

ing out with a GFD were shown to have an increased
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Table 2 Overview of the studies included in the systematic review

Study Year Country Study design

Participants/sample

Size Age of participants

Level of

evidence

Twist & Hackett (46) 1992 UK Case–control Group 1: 46

Group 2: 46

14–40 3.d

Lamontagne et al. (37) 2001 Canada Analytical, cross-

sectional

230 Mean = 49.6 3.e

Ciacci, Iavarone, Siniscalchi,

Romano & Rosa (23)

2002 Italy Case–control Group 1:25

Group 2: 114

Mean = 29.62 3.d

Ciacci et al. (51) 2003 Italy Analytical, cross-

sectional

581 Mean = 31.47 3.e

Hogberg, Grodzinsky &

Stenhammar (52)

2003 Sweden Case–control Group 1: 15

Group 2: 14

Mean = 26 3.d

Butterworth et al. (45) 2004 UK Prospective, cohort Group 1: 66

Group 2: 21

Mean Group 1:

46.3

Mean Group 2:

28.95

3.c

Zarkadas et al. (41) 2006 UK Descriptive, cross-

sectional

2681 Mean = 56 4.b

Hauser, Stallmach, Caspary &

Stein (20)

2007 Germany Analytical, cross-

sectional

522 Mean = 46.3 3.e

Hopman, Koopman, Wit &

Mearin (53)

2009 Netherlands Case–control Group 1: 33

Group 2: 8

Group 3: 12

Mean Group 1: 57

Mean Group 2: 26

Mean Group 3: 30

3.d

Smith (42) 2009 USA Descriptive, cross-

sectional

156 Mean = 51.5 4.b

Barratt, Leeds & Sanders (18) 2011 UK Case–control Group 1: 348

Group 2: 225

18+ 3.d

Black & Orfila (24) 2011 UK Descriptive, cross-

sectional

146 18-70 4.b

Sainsbury & Mullan (38) 2011 Australia Analytical, cross-

sectional

265 Mean = 45.1 3.e

Biagi et al. (36) 2012 Italy Retrospective, cohort 141 Mean = 34 3.c

Casella et al. (54) 2012 Italy Prospective, cohort Group 1: 1166

Group 2: 59

Group 1: 18-64

Group 2: 65+

3.c

Ford, Howard & Oyebode (22) 2012 UK Analytical, cross-

sectional

274 19-85 3.e

Lee, Ng, Diamond, Ciaccio &

Green (43)

2012 USA Case–control Group 1: 1179

Group 2:1743

18+ 3.d

Ukkola et al. (25) 2012 Finland Prospective, cohort 698 Median = 50 3.c

Hall, Rubin & Charnock (19) 2013 UK Analytical, cross-

sectional

287 Mean = 56.17 3.e

Mahadev et al. (55) 2013 USA Analytical, cross-

sectional

413 18+ 3.e

Sainsbury, Mullan & Sharpe (56) 2013 Australia Analytical, cross-

sectional

390 Mean = 44.2 3.e

Sainsbury, Mullan & Sharpe (29) 2013 Australia Randomised Control

Trial

Experimental: 101

Control: 88

Mean = 46.5 1.c

Verrill, Zhang & Kane (39) 2013 USA Analytical, cross-

sectional

1583 18-98 3.e

Zarkadas et al. (49) 2013 Canada Analytical, cross-

sectional

5912 18+ 3.e

Dowd et al. (34) 2014 Canada Descriptive, cross-

sectional

203 Mean = 42.13 4.b

Rose & Howard (44) 2014 UK Descriptive, grounded

theory

130 Mean = 52.7 4.c

Shah et al. (35) 2014 USA Analytical, cross-

sectional

341 Mean = 51.14 3.e

790 ª 2020 The British Dietetic Association Ltd.

Adherence to a gluten-free diet: celiac disease N. Abu-Janb and M. Jaana



likelihood in following a GFD correctly (22,29–33). Studies

also showed that those who had poor intention/ a poor

level of self-efficacy were also found to have a lower like-

lihood of following a GFD (19,22,28). The belief an individ-

ual had, as to whether a GFD would improve their CD

outcomes impacted adherence levels. Individuals consid-

ered that a GFD will improve CD outcomes correlated to

an increase in GFD adherence (31) and individuals consid-

ering that a GFD will not improve CD outcomes corre-

lated to them being less likely to follow a GFD (19,23,34,35).

Individuals who were less careful with maintaining pre-

cautions, such as informing their cooks about their aller-

gies, were less likely to adhere to a GFD (36).

Interpersonal facilitators/barriers

At the interpersonal layer, four main factors were related

to adherence to a GFD by adults with CD: social fear,

confidence in practitioner, social activities and embarrass-

ment. The LOE of these studies ranged from 3.c to 4.c.

It is human nature to act differently when in the pres-

ence of others. It is common for people with CD to

engage in behaviour that can influence their adherence to

a GFD. Studies included in this review highlighted a

significant correlation between low levels of adherence to

a GFD and the social fear of having CD (18,23).

Confidence in the practitioner impacted GFD adher-

ence. If an individual was not confident in their treat-

ment advice provided by their specialist, they were less

likely to adhere to a GFD (37). In addition, individuals

with CD reported that it is easier to follow a GFD when

they had a high level of support from family and friends
(38–40). Having increased support from surrounding rela-

tionships lowers the risk of isolation and allows individu-

als to adhere to their health needs without feeling

alienated.

Last, several studies discussed that participating in

social activities played a negative role in relation to diet

adherence. Specifically, people reported that participating

in social activities, including dining outside of the home

and spending time with friends had a negative impact on

their ability to maintain a GFD (24,41–43). Reasons

included overly trusting others with food preparation (38)

and the overall ignorance of others in understanding the

severity of CD (44). It is common for an individual with

CD to feel isolated and different from those around them.

The need for inclusivity causes individuals to neglect their

illness and risk adverse health outcomes.

Table 2 Continued

Study Year Country Study design

Participants/sample

Size Age of participants

Level of

evidence

Casellas et al. (21) 2015 Spain Analytical, cross-

sectional

366 Mean = 40 3.e

Ferster, Obuchowicz, Jarecka,

Pietrzak & Karczewska (47)

2015 Poland Descriptive, cross-

sectional

30 19–71 4.b

Kothe, Sainsbury, Smith &

Mullan (30)

2015 Australia Analytical, cross-

sectional

228 Mean: 45.2 3.e

Rajpoot et al. (26) 2015 India Prospective, cohort Group 1: 54

Group 2: 92

Mean = 28.9 3.c

Sainsbury, Mullan & Sharpe (57) 2015 Australia Case–control Group 1: 88

Group 2: 101

Mean = 46.5 3.d

Villafuerte-Galvez et al. (31) 2015 USA Analytical, cross-

sectional

355 Mean = 53.6 3.e

Dowd, Jung, Chen & Beauchamp
(32)

2016 Canada Prospective, cohort 212 Mean = 42.08 3.c

Silvester, Weiten, Graff, Walker

& Duerksen (27)

2016 Canada Analytical, cross-

sectional

82 18+ 3.e

Silvester, Weiten, Graff, Walker

& Duerksen (40)

2016 Canada Analytical, cross-

sectional

222 18+ 3.e

Ramirez-Cervantes, Romero-

Lopez, Nunez-Alvarez &

Uscanga-Dominguez (28)

2016 Mexico Analytical, cross-

sectional

56 Mean = 59.4 3.e

Dowd & Jung (33) 2017 Canada Prospective, cohort 200 Mean = 44.02 3.c

Hughey et al. (50) 2017 USA Analytical, cross-

sectional

1832 19–65 3.e

Muhammad, Reeves, Ishaq,

Mayberry & Jeanes (48)

2017 UK Analytical, cross-

sectional

375 Mean = 48 3.e
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Organisational facilitators/barriers

At the organisational layer, four main factors related to

adherence to a GFD by an adult with CD: Membership in

a coeliac association, availability of GF foods in restau-

rants/supermarkets, clear labelling, and affordability. The

LOE of these studies ranged from 3.c to 4.c.

Membership in a coeliac association was considered as

a facilitator to adherence to GFD in several studies. Mem-

bership allowed for exposure to others with CD,

improved the lives of many people with CD, and as a

result, improved GFD adherence (19,27,38,45).

Furthermore, the presence of GF foods in restaurants/su-

permarkets play an important role in enabling access to GF

products. Studies showed correlations between the inability

to find GF products in stores and restaurants to a lower

likelihood of following a GFD (23–26,34,42–44,46). Even in situa-

tions where there are GF options, participants shared that

the poor taste of the items impacted adherence levels to a

GFD (36,43). Without access to sufficient food items, con-

sumption of products containing gluten is more likely to

occur. Availability of GF foods is linked to societies’ aware-

ness of CD. In societies where CD is not prevalent or well

known, availability of products will unlikely be sufficient.

Many individuals in multiple studies reported that dining

establishments were unable to provide a safe experience for

them correctly and, as a result, they made a mistake on their

GFD (18). These mistakes include the risk of cross-contami-

nation (34,47). Overall, lack of patient education can translate

to the individual’s ability to follow a GFD when choosing

food in restaurants and supermarkets. Using available tools

to get others to understand the severity of CD and to find

suitable food options can impact their ability to properly

follow a GFD. It is also important to note that the studies

that highlighted the lack of availability of gluten-free food

are older, and therefore not as relevant in today’s context.

Gluten is found in multiple, hidden ingredients. Hence,

clear food labelling can act as an important facilitator to

GFD adherence (38,45). Although gluten and its deriva-

tives must be disclosed on packaged labels in North

America, clear food labelling is not a requirement in all

countries/regions. If allergens are explicitly listed, individ-

uals will know to avoid certain products. Individuals with

CD can instantly identify a product as being safe to con-

sume if there is a GF claim on the product.

Finally, GF foods are often more expensive than non-

GF foods. Studies showed that the inability to afford GF

foods was linked to lower adherence to a GFD (34,42,43,45).

Community facilitators/barriers

At the community layer, two main factors were related to

adherence to a GFD by adults with CD: general society

awareness and culture. The LOE of these studies ranged

from 3.c to 4.c.

General society awareness was discussed in some stud-

ies, which showed a significant correlation between soci-

ety’s general knowledge of what gluten and CD are, as

well as an adult’s ability to maintain a GFD (19,32). In

more CD-friendly communities, individuals were able to

find better options on foods to eat and to communicate

their dietary restrictions. Improved society awareness

translates to improved knowledge of employees at restau-

rants and other food establishments. There is also an

increased chance that peers will be more knowledgeable

about CD as a result of them being a part of a CD-

friendly society. This translates to better support from

peers to those with CD (19,32).

Another important discussed factor was culture, with

individuals reporting that cultural factors lowered their

likelihood to follow a GFD (26,28,46). Being of South-Asian

background was shown to significantly be correlated to a

lower likelihood of following a GFD (45,48). Individuals

also reported relatives forcing them to eat foods contain-

ing gluten, not understanding how harmful they can be
(46).

System facilitators/barriers

At the system layer, three main factors were related to

adherence to a GFD by adults with CD: physician–patient
knowledge, poor communication post-diagnosis and

finances. The LOE of these studies ranged from 1.c to

4.b.

Physician–patient knowledge communication/follow-up

was considered as an important barrier is multiple studies

in the literature, and was significantly correlated with

lower adherence to a GFD (25–27,35,43). The most promi-

nent system-level barrier found in the systematic review

was the lack of knowledge that individuals recently diag-

nosed with CD had with their disease and the composi-

tion of a GFD. Although this is also an individual barrier,

this is rather a systematic issue. At a system level, this

lack of knowledge stems from patient-practitioner com-

munication, which may inadequately equip individuals

with CD with the educational tools and resources. Several

studies showed that providing recently diagnosed patients

with detailed descriptions of what CD was and what a

GFD entailed, correlated to them being more likely to be

able to accurately follow a GFD (31,34,37,45,49). These stud-

ies’ findings emphasise that there need to be proper com-

munication channels open with a patient once they are

diagnosed, to ensure that they entirely are aware of the

extent of their disease and that they know how to handle

their diet correctly.
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This systematic review found that many individuals are

left to manage their disease on their own without sup-

port. This lack of communication continues post-diagno-

sis. Studies have shown that when adults with CD are

looking for aid from a practitioner, they are not always

readily available, leading to lower adherence rates to a

GFD (47). Many studies also reported on the benefit of

consistent follow-up with practitioners, post-diagnosis
(19,41,45,50). Specifically, correlations existed that showed

that, when individuals had constant follow-up appoint-

ments with their physicians, they were more likely to con-

tinue adhering to a strict GFD (19,41,45,50).

Last, finance can impact multiple layers in an adult’s

life. Hence, lack of financial reimbursement to support

individuals with CD acts as a barrier, at the system level,

to adhering to a GFD. While certain individuals had

access to reimbursement plans to help offset the high

costs of GF foods, it was reported that the lack of ade-

quate reimbursement provided by the government low-

ered their ability to follow a GFD (46-47). Studies reported

correlations between the supply of prescription foods,

and an improved ability to maintain a GFD (19,48). Indi-

viduals who receive these subsidies do not need to worry

about finding safe foods.

Discussion

Systematic reviews provide the highest level of evidence

on a particular topic. This systematic review critically

appraised and synthesised evidence from primary studies,

which investigated the facilitators and barriers that influ-

ence dietary adherence for adults with CD. Several empir-

ical studies in the literature have analysed the factors that

influence an individual’s adherence to a GFD. However,

limited information was available to date on the evidence

on the impacts that these factors may have in relation to

GFD adherence. In light of the adverse events that may

result from poor adherence to GFD, and the potential

social and financial impacts at the individual and system

level, it is of utmost importance to understand what

changes and improvements can be made to facilitate GFD

adherence. Hence, the results of this review present rele-

vant information that can inform changes at the policy

and practice levels. To provide practical solutions to poli-

cymakers in the healthcare system regarding the lives of

adults with CD, a clear understanding of their day-to-day

lifestyle is needed. Fully understanding the lifestyle of

adults with CD can potentially improve dietary adher-

ence, and as a result, improve the health of individuals

with CD.

At the individual level, knowledge of CD/GFD was the

most significant factor identified in the literature. It was

reported in eight studies as a facilitator, and 14 studiesT
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indicated lack of knowledge of CD/GFD as a barrier. The

designs of the studies varied greatly; some studies had

strong designs, and others presented the results of

descriptive studies that employed rigorous methodologies.

At the interpersonal level, social support was the most

significant facilitator reported in four studies. All of these

studies had analytical designs. On the other hand, the

most significant barrier presented at the interpersonal

level was social fear. Although other interpersonal barriers

such as social activities were discussed by a higher number

of studies, as compared to social fear, the strength of the

designs and methodologies that reported significant effect

of social fear was higher, which is an indication of its sig-

nificance.

At the organisational/environmental level, membership

in a coeliac association was the most significant facilitator,

reported by five studies, which varied in the rigor of their

study designs. On the other hand, restaurant dining and

supermarket shopping were the most significant reported

barriers, with twelve studies presenting evidence on their

impacts on adherence to GFD. Despite the variation in

the LOE in this group of twelve studies, it is worth not-

ing that several of these studies were conducted in

Canada, and presented very rigorous methodologies.

At the community level, high society awareness was the

most significant facilitator, which was reported in three

studies, despite the limitations of their study weak

designs. Cultural factors were the most significant barriers

at the community level, with five studies (analytical and

descriptive) referring to them as important barriers to

adhering to a GFD. From our analysis, it was clear that

the study of and reporting on facilitators and barriers at

the community level was very limited.

Last, at the systems level, patient education/ physician–
patient communication was the most significant factor

reported. Ten studies reported that improved patient edu-

cation from physician to patient was a facilitator to GFD

adherence and seven studies reported that poor patient

education/lack of physician–patient communication was a

barrier to GFD adherence. These studies varied in their

designs and LOE, with one randomised clinical trial and

remaining descriptive studies; several studies were pre-

senting findings in the Canadian context.

Overall, the relatively low LOE in the empirical studies

found in the literature calls for more carefully designed

studies that employ more rigorous methodologies. It is

important to also acknowledge the limitations associated

with this review. In the coding and data extraction from

the empirical studies, there was reliance on the informa-

tion presented by the authors of the included studies,

which may have not always been complete or detailed.

Furthermore, we had to make an assumption that the

diagnosis of CD for the individuals in the studies was

conducted through a valid process; either a serological

test or an upper-intestinal endoscopy.

Understanding the existing barriers to GFD adherence

is the first step towards planning interventions that may

provide decision-makers with knowledge on where to

Figure 2 Social ecological model. CD, coeliac diet; GFD, gluten-free diet..
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target aid and future research, and practitioners with

examples of how to improve adherence. In this systematic

review, we organised the facilitators and barriers to GFD

adherence among adults with CD into a SEM that helps

portray a clear picture of what an adult with CD faces

following diagnosis. Targeted, future research on specific

facilitators and barriers highlighted in this systematic

review is recommended to provide additional evidence

and support. Examples include, amongst others, conduct-

ing an empirical study that examines the impact of

implementing a program that increases patient education;

evaluating healthcare providers’ extent of knowledge of

CD and the impact of improving the knowledge levels of

CD/GFD on the GFD adherence rates among adults with

CD; assessing the impact of financial compensation and

label-laws at the system level. We call for system-level

interventions addressing the main factors identified in

this review to address the challenges faced by adults with

CD, improve their health and alleviate the pressure on

the health system. Facilitators and barriers presented in

this systematic review also potentially impact individuals

who are facing dietary restrictions as a result of other

chronic illnesses in their lives. Hence, the importance and

necessity of understanding these factors to support the

care of individuals living with these conditions and

enabling a better quality of life for them.

Transparency declaration

The lead author affirms that this manuscript is an honest,

accurate and transparent account of the study being

reported. The reporting of this work is compliant with

PRISMA guidelines. The lead author affirms that no

important aspects of the study have been omitted and

that any discrepancies from the study as planned have

been explained.

Acknowledgments

This systematic review has been completed as a research

project conducted at the University of Ottawa. The

authors would like to thank Dr David Moher for his

input in the process of this review.

Conflict of interests, source of funding, and
authorship

The authors declare that they have no conflicts of interest.

No funding declared.

All of the authors made substantial contributions to the concep-

tion and design of the study, or acquisition of data, or analysis

and interpretation of data; drafting the article or revising it criti-

cally for important intellectual content; and final approval of the

version to be submitted. In particular, Nicholas Abu-Janb devel-

oped the concept for the systematic review, drafted the initial arti-

cle, oversaw all data collection and analysis, developed the initial

interpretation of the findings, and approved the final version sub-

mitted for publication. Mirou Jaana revised the initial article,

refined the coding scheme, analysed the data and refined the

interpretation, and approved the final version submitted for

publication.

References

1. Rampertab SD & Mullin GE (2014) Celiac disease. 1

online resource (xvii, 323 pages) p.

2. Silvester JA & Rashid M (2010) Long-term management of

patients with celiac disease: current practices of

gastroenterologists in Canada. Can J Gastroenterol 24, 499–
509.

3. Ciccocioppo R, Di Sabatino A & Corazza GR (2005) The

immune recognition of gluten in coeliac disease. Clin Exp

Immunol 140, 408–416.
4. Gujral N, Freeman HJ & Thomson AB (2012) Celiac

disease: prevalence, diagnosis, pathogenesis and treatment.

World J Gastroenterol 18, 6036–6059.
5. Silvester J & Duerksen D (2013) Five things to know

about..celiac disease. CMAJ 185, 60.

6. Caruso R, Pallone F, Stasi E et al. (2013) Appropriate

nutrient supplementation in celiac disease. Ann Med 45,

522–531.
7. Bascunan KA, Vespa MC & Araya M (2017) Celiac disease:

understanding the gluten-free diet. Eur J Nutr 56, 449–459.
8. Hall NJ, Rubin G & Charnock A (2009) Systematic review:

Adherence to a gluten-free diet in adult patients with

coeliac disease. Aliment Pharmacol Ther 30, 315–330.
9. Freeman HJ (2017) Dietary compliance in celiac disease.

World J Gastroenterol 23, 2635–2639.
10. Green PH, Fleischauer AT, Bhagat G et al. (2003) Risk of

malignancy in patients with celiac disease. Am J Med 115,

191–195.
11. Bronfenbrenner U (2007) The Bioecological Model of

Human Development. Hoboken, NJ: John Wiley & Sons,

Inc.

12. Moher D, Liberati A, Tetzlaff J et al. (2009) Preferred

reporting items for systematic reviews and meta-analyses:

the PRISMA statement. J Clin Epidemiol 62, 1006–1012.
13. Treloar C, Champness S, Simpson PL et al. (2000) Critical

appraisal checklist for qualitative research studies. Indian J

Pediatr 67, 347–351.
14. Popay J, Roberts H, Sowden Aet al. (2006) Guidance on

the Conduct of Narrative Synthesis in Systematic Reviews:

A Product from the ESRC Methods Programme. ESRC. 1.

15. Moher D, Shamseer L, Clarke M et al. (2015) Preferred

reporting items for systematic review and meta-analysis

protocols (PRISMA-P) 2015 statement. Syst Rev 4, 1.

808 ª 2020 The British Dietetic Association Ltd.

Adherence to a gluten-free diet: celiac disease N. Abu-Janb and M. Jaana



16. Krug EG, Mercy JA, Dahlberg LL et al. (2002) The world

report on violence and health. Lancet 360, 1083–1088.
17. McLeroy KR, Bibeau D, Steckler A et al. (1988) An

ecological perspective on health promotion programs.

Health Educ Q 15, 351–377.
18. Barratt SM, Leeds JS & Sanders DS (2011) Quality of life

in coeliac disease is determined by perceived degree of

difficulty adhering to a gluten-free diet, not the level of

dietary adherence ultimately achieved. J Gastrointestin

Liver Dis 20, 241–245.
19. Hall NJ, Rubin GP & Charnock A (2013) Intentional and

inadvertent non-adherence in adult coeliac disease. A

cross-sectional survey. Appetite 68, 56–62.
20. H€auser W, Stallmach A, Caspary WF et al. (2007)

Predictors of reduced health- related quality of life in

adults with coeliac disease. Aliment Pharmacol Ther 25,

569–578.
21. Casellas F, Rodrigo L, Lucendo AJ et al. (2015) Benefit on

health- related quality of life of adherence to gluten-free

diet in adult patients with celiac disease. Rev Esp Enferm

Dig 107, 196–201.
22. Ford S, Howard R & Oyebode J (2012) Psychosocial

aspects of coeliac disease: a cross-sectional survey of a UK

population. Br J Health Psychol 17, 743–757.
23. Ciacci C, Cirillo M, Cavallaro R et al. (2002) Long-term

follow-up of celiac adults on gluten-free diet: prevalence

and correlates of intestinal damage. Digestion 66, 178–
185.

24. Black JL & Orfila C (2011) Impact of coeliac disease on

dietary habits and quality of life. J Hum Nutr Diet 24,

582–587.
25. Ukkola A, M€aki M, Kurppa K et al. (2012) Patients’

experiences and perceptions of living with coeliac disease -

implications for optimizing care. J Gastrointestin Liver Dis

21, 17.

26. Rajpoot P, Sharma A, Harikrishnan S et al. (2015)

Adherence to gluten-free diet and barriers to adherence in

patients with celiac disease. Indian J Gastroenterol 34, 380–
386.

27. Silvester JA, Graff L, Walker J et al. (2016) Effect of a

gluten-free diet on Rome III functional intestinal disorder

symptoms after diagnosis of celiac disease: a 12 month

prospective cohort study. Gastroenterology 150(4 SUPPL.

1), S486.

28. Ram�ırez-Cervantes KL, Romero-L�opez AV, N�u~nez-�Alvarez

CA et al. (2016) Adherence to a gluten- free diet in

mexican subjects with gluten-related disorders: a high

prevalence of inadvertent gluten intake. Rev Invest Clin 68,

229.

29. Sainsbury K, Mullan B & Sharpe L (2013) A randomized

controlled trial of an online intervention to improve

gluten-free diet adherence in celiac disease. Am J

Gastroenterol 108, 811–817.
30. Kothe EJ, Sainsbury K, Smith L et al. (2015) Explaining

the intention-behaviour gap in gluten-free diet adherence:

the moderating roles of habit and perceived behavioural

control. J Health Psychol 20, 580.

31. Villafuerte-Galvez J, Vanga RR, Dennis M et al. (2015)

Factors governing long-term adherence to a gluten-free

diet in adult patients with coeliac disease. Aliment

Pharmacol Ther 42, 753–760.
32. Dowd AJ, Jung ME, Chen MY et al. (2016) Prediction of

adherence to a gluten-free diet using protection

motivation theory among adults with coeliac disease. J

Hum Nutr Diet 29, 391–398.
33. Dowd AJ & Jung ME (2017) Self- compassion directly and

indirectly predicts dietary adherence and quality of life

among adults with celiac disease. Appetite 113, 293–300.
34. Dowd AJ, Tamminen KA, Jung ME et al. (2014) Motives

for adherence to a gluten-free diet: a qualitative

investigation involving adults with coeliac disease. J Hum

Nutr Diet 27(6), 542–549.
35. Shah S, Akbari M, Vanga R et al. (2014) Patient

perception of treatment burden is high in celiac disease

compared with other common conditions. Am J

Gastroenterol 109, 1304–1311.
36. Biagi F, Bianchi PI, Marchese A et al. (2012) A score that

verifies adherence to a gluten-free diet: a cross-sectional,

multicentre validation in real clinical life. Br J Nutr 108,

1884–1888.
37. Lamontagne P, West GE & Galibois I (2001) Quebecers

with celiac disease: analysis of dietary problems. Can J Diet

Pract Res 62, 175–181.
38. Sainsbury K & Mullan B (2011) Measuring beliefs about

gluten free diet adherence in adult coeliac disease using

the theory of planned behaviour. Appetite 56, 476–483.
39. Verrill L, Zhang Y & Kane R (2013) Food label usage and

reported difficulty with following a gluten-free diet among

individuals in the USA with coeliac disease and those with

noncoeliac gluten sensitivity. J Hum Nutr Diet 26, 479–
487.

40. Silvester JA, Weiten D, Graff LA et al. (2016) Living

gluten-free: adherence, knowledge, lifestyle adaptations and

feelings towards a gluten-free diet. J Hum Nutr Diet 29,

374–382.
41. Zarkadas M, Cranney A, Case S et al. (2006) The impact

of a gluten- free diet on adults with coeliac disease: results

of a national survey. J Hum Nutr Diet 19, 41–49.
42. Smith MM (2009) What is the relationship between

quality of life and coping strategies of adults with celiac

disease adhering to a gluten free diet? Duquesne

University.

43. Lee AR, Ng DL, Diamond B et al. (2012) Living with

coeliac disease: survey results from the USA. J Hum Nutr

Diet 25, 233–238.
44. Rose C & Howard R (2014) Living with coeliac disease: a

grounded theory study. J Hum Nutr Diet 27, 30–40.
45. Butterworth JR, Banfield LM, Iqbal TH et al. (2004)

Factors relating to compliance with a gluten-free diet in

patients with coeliac disease: comparison of white

809ª 2020 The British Dietetic Association Ltd.

N. Abu-Janb and M. Jaana Adherence to a gluten-free diet: celiac disease



Caucasian and South Asian patients. Clin Nutr 23, 1127–
1134.

46. Twist SR & Hackett AF (1992) An investigation of some

implications of coeliac disease. J Hum Nutr Diet 5, 343–
350.

47. Ferster M, Obuchowicz A, Jarecka B et al. (2015)

Difficulties related to compliance with gluten-free diet by

patients with coeliac disease living in Upper Silesia.

Pediatria i Medycyna Rodzinna 11, 410–418.
48. Muhammad H, Reeves S, Ishaq S et al. (2017) Adherence

to a gluten free diet is associated with receiving gluten free

foods on prescription and understanding food labelling.

Nutrients 9, 705.

49. Zarkadas M, Dubois S, MacIsaac K et al. (2013) Living

with coeliac disease and a gluten-free diet: a Canadian

perspective. J Hum Nutr Diet 26, 10–23.
50. Hughey JJ, Ray BK, Lee AR et al. (2017) Self- reported

dietary adherence, disease-specific symptoms, and quality

of life are associated with healthcare provider follow-up in

celiac disease. Gastroenterology 152, S266-5.

51. Ciacci C, D’Agate C, De Rosa A et al. (2003) Self-

rated quality of life in celiac disease. Dig Dis Sci 48,

2216–2220.

52. H€ogberg L, Grodzinsky E & Stenhammar L (2003) Dietary

compliance in patients with coeliac disease diagnosed in

early childhood. Scand J Gastroenterol 38, 751–754.
53. Hopman GDE, Koopman MH, Wit MJ et al. (2009)

Dietary compliance and health- related quality of life in

patients with coeliac disease. Eur J Gastro Hepatol 21,

1056–1061.
54. Casella S, Zanini B, Lanzarotto F et al. (2012) Celiac

disease in elderly adults: clinical, serological, and

histological characteristics and the effect of a gluten-free

diet. J Am Geriatr Soc 60, 1064–1069.
55. Mahadev S, Simpson S, Lebwohl B et al. (2012) Does

consultation with a dietitian affect celiac disease outcomes?

Gastroenterology 142(5 SUPPL. 1), S270.

56. Sainsbury K, Mullan B & Sharpe L (2013) Reduced quality

of life in coeliac disease is more strongly associated with

depression than gastrointestinal symptoms. J Psychosom

Res 75, 135–141.
57. Sainsbury K, Mullan B & Sharpe L (2015) Dissemination

of an online theory-based intervention to improve gluten-

free diet adherence in coeliac disease: the relationship

between acceptability, effectiveness, and attrition. Int J

Behav Med 22, 356–364.

Appendix A

Search Strategy

1 Coeliac Disease/

2 coeliac disease.tw,kw.

3 cooeliac disease.tw,kw.

4 coeliac.tw,kw.

5 cooeliac.tw,kw.

6 gluten sensitive entero*.tw,kw.
7 1 or 2 or 3 or 4 or 5 or 6

8 Patient Compliance/

9 patient compliance.tw,kw.

10 adher*.tw,kw.
11 nonadher*.tw,kw.

12 maint*.tw,kw.
13 compliance.tw,kw.

14 noncompliance.tw,kw.

15 coopera*.tw,kw.
16 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 17. Diet,

Gluten-Free/

17 gluten free diet.tw,kw.

18 Diet/

19 treatment.tw,kw.

20 gluten.tw,kw.

21 diet*.tw,kw.
22 17 or 18 or 19 or 20 or 21 or 22 24. 7 and 16 and 23
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Abstract

Background: Although a high-salt diet is associated with high risk of

chronic diseases such as hypertension, stroke and cardiovascular disease, lit-

tle is known about the relationship between a high-salt diet and the risk of

primary liver cancer (PLC). Consequently, we prospectively assessed the

association of high perceived salt intake with the risk of PLC in the Kailuan

Study.

Methods: In total, 97 006 participants who were healthy adults or free liv-

ing adults at the baseline (2006) were included in the present study. The

data of perceived salt intake were collected via questionnaire and classified

into three categories: <6 g day�1 for low salt intake, 6–10 g day�1 for inter-

mediate salt intake, >10 g day�1 for high-salt intake. PLC including hepato-

cellular carcinoma and intrahepatic cholangiocarcinoma (excluding liver

metastasis), and was confirmed by review of medical records. We used a

Cox proportional hazards model to analyse the association between high

perceived salt diet and the risk of PLC after adjusting for possible con-

founders, including age, gender, body mass index, high sensitivity-C-reactive

protein, low-density lipoprotein-cholesterol, total cholesterol, triglycerides,

alanine aminotransferase, HbsAg positive, cirrhosis, fatty liver, hypertension,

diabetes, drinking status, smoking status and physical exercise.

Results: During the follow-up period of 1 113 816 person-years, 397 PLC

events were diagnosed. After adjusting for most potential confounders, sub-

jects in intermediate salt intake and high salt intake had a multivariable haz-

ard ratio and 95% confidence interval of 1.49 (0.97–2.29) and 1.98 (1.22–
3.22) (P for trend = 0.0042), respectively, compared to low salt intake.

Conclusions: A higher perceived salt intake was associated with a higher

risk of PLC.

Introduction

Worldwide, primary liver cancer (PLC) is a heavy burden of

disease that affects human public health. Based on the latest

data of the International Agency for Research on Cancer in

2018, primary liver cancer has become the sixth most com-

mon cancer and the fourth leading cause of cancer death

worldwide (1). Over the past decade, the age-standardised

incidence of PLC had increased from 8.1 per 100 000 per-

son-years (2) to 13.9 per 100 000 person-years (1) worldwide.

The incidence of PLC is the highest in Asia and Africa, at

approximately 85%. Furthermore, the incidence of PLC reg-

istries in China has been reported at over 50% (3–5). To the

best of our knowledge, ageing (6), male (7), obesity (8), fasting

blood glucose (9), hepatitis B virus and hepatitis C virus

infection (10) are well-established risk factors for the devel-

opment of PLC, and research on other potential risk factors

for PLC is still in progress.

High salt consumption has become a common phe-

nomenon in the modern world, especially in Asia
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(Central Asia, Asia Pacific High Income and East Asia)
(19). Previous studies have confirmed that high-salt diet

plays a significant role in the pathogenesis of many

chronic diseases (such as hypertension, stroke and cardio-

vascular disease) (11–13). Recently, a case–control study

from France showed that high sodium intake is a risk fac-

tor for hepatocellular carcinoma (HCC) (14). In addition,

Ma et al. (15) found that low sodium diet is associated

with decreased risk of HCC but non-significant based on

the Heath professionals Follow-up Study (HPFS) and the

Nurses’ Heath Study (NHS) from America. In our previ-

ous studies, although it had been indicated that high salt

intake is associated with nonalcoholic fatty liver (16), the

relationship between high salt intake and the risk of PLC

had not been explored further and remains unclear. So

far, few studies have reported the relationship between

high salt intake and the risk of PLC. Therefore, based on

the Kailuan Study (Trial registration number: ChiCTR-

TNRC-11001489), the present study aims to analyse the

relationship between high perceived salt intake and the

risk of primary liver cancer.

Materials and methods

Study design and participants

As reported elsewhere (17,18), the Kailuan Study is a

prospective cohort study based on Kailuan community

population, and is owned and managed by Kailuan

Group in Tangshan city, Hebei Province, north of China.

From 2006 onward, the Kailuan Group has invited work-

ing (≥ 18 years old) and retired staffs (mainly referring to

former staff from Kailuan Group) to participate in the

physical examination every two years, which is carried

out in 11 hospitals affiliated to Kailuan Group. Between

July 2006 and October 2007, a total of 101 510 partici-

pants attended the first physical examination. All partici-

pants were administered questionnaires and underwent

clinical and laboratory examination, and these data pro-

vided an opportunity to research the risk factors for

chronic diseases.

In the present study, we excluded 378 participants who

had liver cancer and a history of malignant tumors before

the first health examination, and also excluded 4126 sub-

jects with missing information of perceived salt intake.

Finally, a total of 97 006 individuals included in the cur-

rent analyses (Fig. 1).

Ethical approval

The study was approved by Ethics Committee of Kailuan

General Hospital, and it was in compliance with the Dec-

laration of Helsinki. Informed consent was obtained from

the participants.

Assessment of perceived salt intake

The information of perceived salt intake is mainly

obtained by self-report, as previously described (12,16).

Briefly, perceived salt intake was assessed by asking par-

ticipants in the face-to-face questionnaire survey to rate

their habitual daily salt intake as low, medium or high,

which was estimated approximately (Appendix 1).

According to the salt consumption of the participants, we

divided them into three levels: low salt intake, intermedi-

ate salt intake and high salt intake. <6 g day�1

(<2400 mg day�1 sodium intake) for low salt intake, 6–
10 g day�1 (2400–4000 mg day�1 sodium intake) for

intermediate salt intake, and >10 g day�1 (>4000 mg

day�1 sodium intake) for high salt intake. Low salt intake

(<6 g day�1) is greater than the salt intake (<5 g day�1)

recommended by the World Health Organization (19),

although this classification is more in line with Chinese

salt consumption habits. Likewise, the Committee on

Medical Aspects of Food and Nutrition Policy (COMA)

in the UK recommended that salt intake was 6 g day�1,

which would be of demonstrable benefit to the popula-

tion.

In 2012, we collected random spot urine samples

from 231 participants with hypertension, without use of

any antihypertensives, based on the Kailuan Study. The

average 24-h urinary sodium excretion of the low salt

intake group and the high salt intake group were

3745 mg day�1 and 3958 mg day�1, respectively

(P < 0.001), after adjustment for age, sex and blood

pressure. This showed that a higher perceived salt intake

was significantly associated with higher estimated 24-h

urinary sodium excretion (20).

Definition and ascertainment of primary liver cancer

During the period from the first physical examination of

participants to 31 December 2018, subjects which diag-

nosed as hepatocellular carcinoma or intrahepatic cholan-

giocarcinoma were defined as PLC (excluding liver

metastasis). Follow-up began at the first physical exami-

nation, and ended at occurrence of cancer, death or on

31 December 2018, whichever event came first. The infor-

mation of PLC was collected by self-reported question-

naires and clinical examinations. In addition, medical

records from the Tangshan medical insurance system and

death certificates from Kailuan social security system were

checked yearly to obtain PLC information that may have

been missed. This part of information is collected by pro-

fessionally trained staff and CANREG 4.0 software provided

by the International Agency for Research on Cancer of

the World Health Organization (IARC/WHO) is used to

input and logically verify new cases of PLC. According to
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the International Classification of Diseases, Tenth Revi-

sion (ICD-10), PLC is defined as C22 (21).

Assessment of other relevant variables

In 2006, our questionnaire included about 83 items and

they were all open questions. The content of the ques-

tionnaire includes: age, gender, smoking habits, drinking

status, physical activity, past medical history (eg, hyper-

tension, diabetes mellitus, malignant tumors, etc.), etc
(22,23). On the day of physical examination, trained medi-

cal and nursing personnel assisted the participants with

completing the questionnaires together via face-to-face

interviews to ensure the authenticity and accuracy of the

results. Height and weight were measured by profession-

ally trained staff. Body mass index (BMI) was calculated

as body weight (kg) divided by the square of height (m2).

Hypertension was defined as systolic blood pressure ≥
140 mmHg, diastolic blood pressure ≥ 90 mmHg, or

using antihypertensive medication. Diabetes was defined

as fasting blood glucose (FBG) ≥ 7.0 mmol L-1 or the use

of oral hypoglycemic agent. Smoking was defined as hav-

ing smoked at least one cigarette per day on average for

at least 1 year. Drinking status was defined as having

taken 100 mL day-1 (alcohol contents > 50%) of a hard

liquor for more than 1 year. Physical activity was defined

as taking exercise more than four times a week, each time

lasting at least 30 min (24). Fatty liver on ultrasound (US)

scanning was diagnosed according to the criteria: diffuse

increase of the hepatic echogenicity with evident contrast

between the liver and kidney; diffuse increase of the hep-

atic echogenicity with blurring of the intrahepatic vessels

and the diaphragm; or brightness of the hepatic

echogenicity with poor penetration of the posterior

hepatic segments, with the intrahepatic vessels or the dia-

phragm being invisible (25,26). Cirrhosis of the liver was

diagnosed according to the criteria: surface nodularity of

the liver detected by US; coarsening and nodularity of the

liver parenchyma with ascites, splenomegaly, or evident

collateral circulation shown on US, or coarsening and

nodularity of the liver parenchyma with medical history

of variceal haemorrhage (25,26).

High-density lipoprotein cholesterol (HDL-C), low-

density lipoprotein cholesterol (LDL-C), triglycerides

(TG), total cholesterol (TC), fasting blood glucose (FBG),

high-sensitivity C-reactive protein (hs-CRP) and alanine

aminotransferase (ALT) were determined by automatic

biochemical analyser (Hitachi 747; Hitachi, Tokyo,

Japan). The enzyme-linked immunosorbent assay for

HbsAg (Shanghai Kehua Bio-Engineering, Shanghai,

China) was applied to detect HbsAg quantitatively. All of

the plasma samples were analysed at the central labora-

tory at Kailuan General Hospital.

Statistical analysis

Quantitative data with normal distribution were expressed

as the mean (SD) and one-way analysis of variance was

used for multiple comparison between groups. The mea-

surement data with skewed distribution were reported as

the median (interquartile range) and the nonparametric

Kruskal–Wallis test of variance was used for multiple

comparison between groups. Categorical variables were

reported as a percentage and compared using the chi-

squared test. Incidence rates were calculated by dividing

the number of events by person-years of follow-up in

each group. The life table method was used to calculate

the cumulative incidence of PLC in each group, and a

Figure 1 Flow chart of participant screening.
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log-rank test was used to compare the difference of

cumulative incidence among each group. A Cox propor-

tional hazards model was used to estimate hazard ratios

(HRs) and 95% confidence intervals (CIs) for perceived

salt intake and the PLC. Three multivariable Cox propor-

tional hazard models were constructed as: (i) Model 1: a

univariate analysis; (ii) Model 2: adjusted for age, gender;

and (iii) Model 3: further adjusted for BMI, hs-CRP,

LDL-C, TC, TG, ALT, HbsAg(+), liver cirrhosis, fatty

liver, hypertension, diabetes, drinking, smoking and phys-

ical exercise. We also conducted a sensitivity analysis and

a subgroup analysis, respectively. In the sensitivity analy-

sis, the participants who occurred PLC within 1 year after

entry to the cohort and the lipid-lowering agent users

were further excluded, separately. Subgroup analysis was

conducted stratified by these potential confounders

including age, diabetes, hypertension, BMI, HBsAg status,

cirrhosis and fatty liver. Data management and all analy-

ses were conducted using SAS, version 9.4 (SAS Institute,

Cary, NC, USA). P < 0.05 (two-sided) was considered

statistically significant.

Results

The mean (SD) age of 97 006 participants was

51.44 (12.48) years; 77 323 (79.71%) were male and

19 683 (20.29%) were female. Table 1 shows the baseline

characteristics of participants by different perceived salt

intake groups. Excluding being HBsAg positive and cir-

rhosis, there were statistically significant differences in sex

(male), age, BMI, HDL-C, LDL-C, FBG, hs-CRP, TG, TC,

ALT, fatty liver, hypertension, diabetes, drinking, smoking

and physical exercise among the subjects in different per-

ceived salt intake groups (P < 0.05).

The incidence and risk for primary liver cancer with

different perceived salt intake

During the follow-up period of 1 113 816 person-years

[mean (SD) 11.48 (1.86) years], 397 patients were diag-

nosed PLC, with an incidence of 0.36 per 1000 person-

years. The follow-up rate of PLC was approximately 100%.

The incidence of low salt intake, intermediate salt intake

and high salt intake for PLC was 0.18 per 1000 person-

years, 0.32 per 1000 person-years and 0.43 per 1000 per-

son-years, respectively. The total cumulative incidence was

0.45%. The cumulative incidence of PLC in each group was

0.28%, 0.45%, 0.60%, respectively. A significant difference

of the cumulative incidence was revealed between each

group (v2 = 9.04, P < 0.05) by log-rank test (Fig. 2).

In the univariate Cox proportional hazards model,

compared with the low salt intake group, the HR and

95% CI for the intermediate salt intake group and

high salt intake group for PLC were 1.53 (1.01–2.31) and

Table 1 Baseline characteristics of the participants by different salt diet

Variables

Low salt intake*

(n = 8989)

Intermediate salt intake*

(n = 77 532)

High salt intake*

(n = 10 485) F/v2 P

Male, n (%) 7163 (79.69%) 61 024 (78.71%) 9136 (87.13%) v2 = 405.43 <0.0001

Age, year 52.21 (12.95) 51.38 (12.41) 51.23 (12.53) F = 19.47 <0.0001

BMI (kg m�2) 24.84 (3.41) 25.02 (3.50) 25.40 (3.54) F = 69.93 <0.0001

HDL-C (mmol L�1) 1.52 (0.39) 1.56 (0.40) 1.50 (0.38) F = 123.38 <0.0001

LDL-C (mmol L�1) 2.52 (0.91) 2.32 (0.87) 2.55 (0.86) F = 495.24 <0.0001

FBG (mmol L�1) 5.48 (1.66) 5.47 (1.68) 5.56 (1.71) F = 10.92 <0.0001

hs-CRP (mg L�1) 0.80 (0.30–1.93) 0.79 (0.30–2.09) 0.87 (0.36–2.06) v2 = 34.81 <0.0001

TG (mmol L�1) 1.25 (0.87–1.90) 1.27 (0.90–1.92) 1.32 (0.89–2.01) v2 = 29.03 <0.0001

TC (mmol L�1) 4.98 (1.20) 4.94 (1.15) 5.02 (1.16) F = 27.11 <0.0001

ALT (U L�1) 17.00 (12.00–25.00) 18.00 (13.00–24.40) 18.00 (13.00–26.00) F = 30.35 <0.0001

HBsAg Positive, n (%) 250 (2.78) 2134 (2.75) 298 (2.84) v2 = 0.29 0.8665

Cirrhosis, n (%) 29 (0.32) 264 (0.34) 36 (0.34) v2 = 0.08 0.9597

Fatty liver, n (%) 2668 (29.83) 24 387 (31.59) 3629 (34.89) v2 = 63.35 <0.0001

Hypertension, n (%) 3906 (43.45) 34 052 (43.92) 4856 (46.31) v2 = 23.34 <0.0001

Diabetes, n (%) 871 (9.69) 6900 (8.90) 1012 (9.65) v2 = 11.21 0.0037

Drinking status, n (%) 2083 (23.17) 11 940 (15.40) 3351 (31.96) v2 = 1909.30 <0.0001

Smoking status, n (%) 3553 (39.53) 20 771 (26.79) 5624 (53.64) v2 = 3467.22 <0.0001

Physical exercise, n (%) 2713 (30.18) 9631 (12.42) 2790 (26.61) v2 = 3011.38 <0.0001

ALT, alanine aminotransferase; BMI, body mass index; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; hs-CRP, hypersensi-

tive C-reactive protein; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol.

*Low salt intake, <6 g day�1 (<2400 mg day�1 sodium intake); Intermediate salt intake, 6–10 g day�1 (2400–4000 mg day�1 sodium intake);

High salt intake, >10 g day�1 (>4000 mg day�1 sodium intake).
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2.03 (1.26–3.28), respectively (P for trend = 0.0026). After

adjustment of gender and age, compared with the low salt

intake group, the adjusted HR (95% CI) for PLC were

1.58 (1.04–2.39) and 2.00 (1.24–3.23) in the intermediate

salt intake group and high salt intake group, respectively

(P for trend = 0.0041). Compared with the low salt

intake group, the risk of PLC still exists in the high salt

group; the multivariable HR (95% CI) is 1.98 (1.22–3.22)
(P for trend = 0.0042), after adjustment for gender, age,

BMI, hs-CRP, LDL-C, TC, TG, ALT, HBsAg status, cir-

rhosis, fatty liver, hypertension, diabetes, drinking status,

smoking status and physical exercise (Table 2).

Figure 2 The cumulative incidence curves of primary liver cancer with three different perceived salt intake. Low salt intake, <6 g day�1

(<2400 mg day�1 sodium intake); Intermediate salt intake, 6–10 g day�1 (2400–4000 mg day�1 sodium intake); High salt intake, >10 g day�1

(>4000 mg day�1 sodium intake).

Table 2 The hazard ratio (HR) and 95% confidence interval (CI) of perceived salt intake for the risk of primary liver cancer

Total Low salt intake* Intermediate salt intake* High salt intake* P for trend

Person-year (cases) 1 113 816 (397) 103 154 (24) 890 198 (316) 120 464 (57)

Incidence, per 1000 person-years 0.36 0.18 0.32 0.43

Model 1 Ref. 1.53 (1.01–2.31) 2.03 (1.26–3.28) 0.0026

Model 2 Ref. 1.58 (1.04–2.39) 2.00 (1.24–3.23) 0.0041

Model 3 Ref. 1.49 (0.97–2.29) 1.98 (1.22–3.22) 0.0042

Sensitivity analysis

Excluding participants who were diagnosed with PLC within the first year after entry to the cohort

Adjusted HR† Ref. 1.72 (1.06–2.78) 2.36 (1.38–4.04) 0.0011

Excluding lipid-lowering agent users

Adjusted HR† Ref. 1.52 (0.98–2.36) 2.01 (1.23–3.31) 0.0042

HR, hazard ratio; CI, confidence interval; PLC, primary liver cancer; Ref, reference.

*Low salt intake, <6 g day�1 (<2400 mg day�1 sodium intake); Intermediate salt intake, 6–10 g day�1 (2400–4000 mg day�1 sodium intake);

High salt intake, >10 g day�1 (>4000 mg day�1 sodium intake). Model 1: Univariate analysis. Model 2: Adjusted for age, gender. Model 3: Fur-

ther adjusted for body mass index (kg m�2), hypersensitive C-reactive protein (mg L�1), low-density lipoprotein cholesterol (mmol L�1), total

cholesterol (mmol L�1), triglyceride (mmol L�1), alanine aminotransferase (U L�1), HBsAg (negative/positive), cirrhosis, fatty liver, hypertension, dia-

betes, drinking status, smoking status and physical exercise (Yes/No for each categorical variable) based on Model 2.
†

The adjusted components for HR were the same as those for Model 3.
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Sensitivity analysis

After excluding 40 participants who were diagnosed with

PLC within the first year after entry to the cohort and

excluding 941 lipid-lowering agent users, respectively. The

adjusted HR (95% CI) of high salt intake group for PLC

was 2.36 (1.38–4.04) and 2.01 (1.23–3.31), respectively,

after adjustment for gender, age, BMI, hs-CRP, LDL-C,

TC, TG, ALT, HBsAg status, cirrhosis, fatty liver, hyper-

tension, diabetes, drinking status, smoking status and

physical exercise (Table 2).

Subgroup analyses showed that there was a significant

association between high salt intake and the risk of PLC,

especially in subjects aged <60 years, in subjects without

diabetes, in subjects with hypertension, in subjects with a

BMI < 25, in subjects who were HBsAg positive, or in

subjects without cirrhosis or without fatty liver, stratified

by age, diabetes, hypertension, BMI, HBsAg status, cir-

rhosis and fatty liver, respectively (see Supporting infor-

mation, Fig. S1).

Discussion

Based on the Kailuan study cohort, we found that high

salt intake was associated with an increased risk of PLC

with a mean (SD) follow-up period of 11.48 (1.86)

years.

One of our important findings is that high salt intake

was positively associated with the risk of primary liver

cancer. After adjusting for potential confounding factors,

we observed that the risk of PLC caused by high salt

intake was 1.98-fold higher (HR = 1.98; 95% CI = 1.22–
3.22) than low salt intake. Meanwhile, Rizk et al. (14)

found that high sodium intake was associated with the

risk of HCC (OR = 2.00; 95% CI: 1.14–3.53) based on

the French multicenter CiRCE case–control study

(‘Cirrhosis and Risk of Hepatocellular Carcinoma in the

East’). Additionally, other results from the HPFS (Health

Professionals Follow-Up Study) cohort and the NHS

(Nurses’ Health Study) cohort suggested that a low

sodium intake was associated with a non-statistically sig-

nificant lower risk of HCC (HR = 0.99; 95% CI = 0.89–
1.09) based on score models (15). To our knowledge, this

is the first prospective cohort study to directly analyse the

relationship between salt intake and the risk of PLC. This

reminds us that, in the prevention stage of PLC, obesity,

diabetes, hepatitis, liver cirrhosis and other known risk

factors of primary liver cancer should be well controlled.

Moreover, we should also recognise the importance of

salt diet for the risk of PLC.

Tran et al. (27) found that taking lipid-lowering agent

was associated with the risk of liver cancer. Therefore, to

further eliminate the interference of potential

confounders on the results, sensitivity analysis and sub-

group analysis were conducted, respectively. After exclud-

ing lipid-lowering agent users, it was found that this

result did not change. The well-accepted view is chronic

liver diseases (hepatitis, cirrhosis, fatty liver, etc.) were

strongly associated with the risk of primary liver cancer
(28). To avoid the influence of chronic liver diseases on

the results of the study, subgroup analyses were con-

ducted. Similarly, after adjusting for potential confound-

ing factors, it was found that the significant association

between high-salt diet and the risk of PLC still existed in

subjects with age <60 years, without diabetes, with hyper-

tension, with BMI <25, being HBsAg positive, without

cirrhosis and without fatty liver, respectively.

The underlying mechanisms by which high salt intake

increased the risk of liver cancer remain uncertain.

High salt intake may play an important aetiological role

in obesity (29), insulin resistance and nonalcoholic fatty

liver disease (15), which were important predisposing

factors for liver cancer (30,31). Dmitrieva et al. (32) con-

sidered that high sodium chloride (NaCl) was assumed

to be genotoxic as high sodium chloride (NaCl) expo-

sure could damage DNA and impair its repair, thus

inducing the growth of tumor cells. Additionally,

macrophages, which are an important part of inflam-

mation, play a pivotal role in tumor microenvironment,

whereas high salt intake was recently reported to wor-

sen autoimmune diseases via specific activation of

macrophages, as well as pro-inflammatory cytokines. It

is also closely related to the occurrence and develop-

ment of tumor cells (33,34). Indeed, high-salt diets also

include the consumption of processed foods such as

ham and pickled vegetables, etc., which are rich in

sodium nitrite (NaNO2). It had been reported that

hepatotoxicity induced by NaNO2 was associated with

mitochondrial injury and oxidative stress in rat isolated

hepatocytes, this further promoting the occurrence and

development of liver cancer (35).

The present study has several strengths. The most

important strength is that this is a large-scale commu-

nity-based prospective cohort study, with a good number

of primary liver cancer cases. Second, the information of

PLC was obtained from comprehensive health system,

including medical records, death certificates and health

insurance in Tangshan, China, with an approximately

100% follow-up rate and reduced recall bias. Until 2018,

a total of 474 subjects were diagnosed with PLC in the

Kailuan community population. Moreover, our study

fully considered the influence of potential factors, includ-

ing age, gender, BMI, hs-CRP, LDL-C, TC, TG, hyperten-

sion, diabetes, drinking status, smoking status and

physical exercise, especially ALT, HBsAg status, cirrhosis

and fatty liver.
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Certainly, several limitations should also be noted.

First, the most important limitation is that the infor-

mation of salt diet in this study is obtained via self-re-

port, which is not as representative as 24-h urinary

sodium excretion for estimating daily salt intake. How-

ever, the positive correlation between high perceived

salt intake and 24-h urinary sodium excretion has been

confirmed in previous studies (12,20). Second, the pre-

sent study lacked detailed information on dietary intake

and did not adjust for potential dietary confounding

factors (such as total energy, total fat intake, etc.). The

participants with high salt intake habits may consume

more processed foods and none of these have been

controlled for. The discovered relationship between high

salt intake and the risk of developing PLC could also

be affected by dietary pattern. Third, the follow-up

time of the study was relatively short, and case num-

bers of PLC were relatively small, especially in the sub-

group analysis. Fourth, using one time point to define

the dietary salt intake could be a defect. This is

because the habits of dietary salt intake may change

over time. Thus, it is necessary to build a time-varying

covariate model to make up this deficiency in future

work. Finally, the subtype of PLC included hepatocellu-

lar carcinoma and intrahepatic cholangiocarcinoma. We

did not further explore the relationship between these

and salt intake, respectively.

In conclusion, the results of the present study show

that a high salt intake was positively associated with

the risk of PLC. A high salt intake is related not only

to cardiovascular and cerebrovascular diseases (12,13),

but also to the development of PLC. Therefore, advo-

cating a low salt diet was advantageous for decreasing

the risk of chronic diseases, and providing new direc-

tions and ideas for the prevention and control of PLC

in the future.
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Appendix 1

Information about dietary salt intake from baseline ques-

tionnaire; Kailuan Study 2006–2007.

How about your regular salt consumption in a regular day?

□ light taste [low salt intake, <6 g day�1 (<2400 mg day�1

sodium intake)]

□ medium

taste

[intermediate salt intake, 6 to 10 g day�1 (2400–

4000 mg day�1 sodium intake)]

□ heavy salty

taste

[high salt intake, >10 g day�1 (>4000 mg day�1

sodium intake)]

The cut-offs of the three different salt intakes are based

on the population in northern China and were estimated

approximately according to a standard salt spoon.

Supporting information

Additional supporting information may be found online

in the Supporting Information section at the end of the

article.

Figure S1. The adjusted hazard ratios (HR) and 95%

confidence interval (CI) of perceived salt intake for the

risk of primary liver cancer (PLC), stratified by (A) age,

diabetes, hypertension and body mass index (BMI) and

(B) HBsAg status, cirrhosis and fatty liver. The subgroup

analyses were adjusted for age, BMI, hypersensitive C-re-

active protein, low-density lipoprotein cholesterol, total

cholesterol, triglyceride, alanine aminotransferase, HBsAg

positive, cirrhosis, fatty liver, hypertension, diabetes,

drinking status, smoking status and physical exercise. Ref,

reference.
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Abstract

Background: Approximately 14% of free-living adults aged ≥65 years are at

risk of malnutrition. Malnutrition screen and treat interventions in primary

care are few, show mixed results, and the advice given is not always

accepted and followed. We need to better understand the experiences and

contexts of older adults when aiming to develop interventions that are

engaging, optimally persuasive and relevant.

Methods: Using the Person-based Approach, we carried out 23 semi-struc-

tured interviews with purposively selected adults ≥65 years with chronic

health or social conditions associated with malnutrition risk. Thematic anal-

ysis informed the development of key principles to guide planned interven-

tion development.

Results: We found that individuals’ beliefs about an inevitable decline in

appetite and eating in older age compound the many and varied physical

and physiological barriers that they experience. Also, we found that expecta-

tions of decline in appetite and physical ability may encourage resignation,

reduce self-efficacy to overcome barriers, and reduce motivation to address

weight loss and/or recognise it as an issue that needs to be addressed. Fear

of loss of independence may also reduce the likelihood of asking general

practitioners for advice.

Conclusions: The key findings identified include a sense of resignation,

multiple different barriers to eating and a need for independence, each

underpinned by the expectation of a decline in older adulthood. Interven-

tions need to address misperceptions about the inevitability of decline, high-

light how and why diet recommendations are somewhat different from

recommendations for the general population, and suggest easy ways to

increase food intake that address common barriers.

Introduction

Malnutrition in older adulthood is a global issue,

although contextual differences between countries will

impact on how malnutrition can best be addressed in

each country. In the UK, 1.3 million (11%) of adults aged

≥65 years are considered to be malnourished, rising to

18% for those receiving home or day care (1–3). Global

Leadership Initiative on Malnutrition (GLIM) diagnostic

criteria for malnutrition include: non-volitional weight

loss, low body mass or muscle strength; plus reduced

food intake or assimilation, disease burden or inflamma-

tion (4). Malnutrition risk, measured by, for example, the

Malnutrition Universal Screening Tool (MUST) (5) or
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Mini-Nutritional Assessment (MNA) (6), is associated

with frailty, sarcopenia, falls (7–9), general practioner (GP)

consultations, hospitalisation (10) and reduced quality of

life (11). Malnutrition among older adults in the UK was

associated with excess costs of £10 billion in 2011–2012,
mostly for institutional care or hospitalisation, and so

early identification of risk, and treatment for free-living

adults might produce significant savings (3). Screening

and treating malnutrition risk in primary care may also

improve health and quality of life for patients (12,13),

although it is unclear how best to do this, or how to

engage older adults who may not consider themselves to

be ‘at risk’.

Additionally, consensus is lacking about which malnu-

trition risk factors can be usefully targeted. More than

120 potential causes of malnutrition have been identified,

which individually may be unrelated to malnutrition risk
(14), but which interact to increase risk, although the

mechanisms are little understood (15). Nevertheless, dete-

riorating health, widowhood and retirement can influence

changes in food choices and ways of acquiring and

preparing food (16–19). Changes in such habits can lead to

a deterioration in diet quality and quantity accompanied

by reduced personal control, exclusion at social events,

and changed roles and responsibilities (16–19). A range of

physical and psychosocial factors can undermine motiva-

tion to improve eating habits (20) by promoting unhelpful

beliefs and fears. A mixed-methods review identified that

patients had reservations about screening and discussing

diet (21), and that difficulty chewing, swallowing, shop-

ping or preparing food are barriers to nutritional self-care
(21). Psychosocial barriers included not considering nutri-

tion important, not recognising personal risk, avoiding

‘unhealthy’ energy-dense food and loneliness (21), being

told to gain weight and not believing that recommenda-

tions will work (22).

In previous intervention studies, barriers were

addressed through eating pattern advice, such as recom-

mending small portions, energy-rich food, daily snacks

and care pathways (e.g. dental referral for chewing prob-

lems) (21), although participants did not always follow the

advice given. Psychosocial barriers or beliefs about per-

sonal risk were rarely addressed (21); for example, patients

can be surprised, offended or unconcerned when told

they are ‘at risk’ (23). Previous studies were constrained

by small sample size, variable quality and conflicting find-

ings. Few took place in the UK, reducing confidence

about applicability to UK settings.

Qualitative methods inform intervention design

through the in-depth exploration of individuals’ experi-

ences, habits, needs, values and beliefs (24). Previous qual-

itative studies highlight the engagement of older adults in

nutritional self-care. For example, men with health

conditions or recent bereavement were motivated to

develop cooking skills or ate simple meals (25,26). How-

ever, those living alone remained ‘at risk’ despite self-care

knowledge, willingness and ability (27), perhaps through

apathy or unmet support needs (28). Luncheon club par-

ticipants ate more with friends than with strangers or at

home, highlighting the importance of social eating (29).

These studies capture possible explanations for a lack of

adoption of eating advice to address malnutrition risk,

such as apathy toward cooking and eating alone, although

they do not explain how this apathy is developed or

maintained through specific beliefs around eating in older

adulthood. To design sufficiently engaging and optimally

effective behavioural interventions aiming to address mal-

nutrition risk, we need to better understand the role of

such psychosocial factors with respect to the eating beha-

viour of older adults, how they vary between individuals

and how best to address psychosocial barriers. More qual-

itative work is therefore needed to explore the beliefs and

experiences of older adults with respect to eating and low

appetite, aiming to help understand how support for

overcoming barriers can be provided in a way that is rele-

vant for older adults and that also addresses their diverse

specific needs and circumstances.

In summary, free-living older adults need support to

address malnutrition risk. Barriers to engagement include:

reservations about screening and discussing diet, physical

barriers to nutritional self-care, and psychosocial barriers

including considering nutrition unimportant, not recog-

nising risk, avoiding energy-dense food, loneliness, aver-

sion to being told to gain weight and not believing

recommendations will work. Psychosocial barriers are not

commonly addressed in previous intervention studies and

there is limited evidence explaining how problematic

beliefs about malnutrition risk and eating develop and are

maintained. Clarifying these issues will inform engaging

and persuasive interventions to supplement evidence-

based screening and care pathways.

In the present study, we used the Person-based

Approach (PBA) to clarify issues around eating and appe-

tite in a varied sample of older adults with a range of

health or social conditions associated with malnutrition

risk. The PBA systematically applies qualitative research,

integrating user perspectives when developing behaviour

change interventions in healthcare (24,30), ensuring they

are appropriate, engaging, likely to be useful and used.

The study findings will inform the development of an

intervention to identify and treat malnutrition or malnu-

trition risk; specifically, a self-management package that is

delivered in primary care and supported by healthcare

professionals. We propose that the intervention is guided

by four principles, from current evidence: (i) raise aware-

ness of older adults’ nutrition needs; (ii) motivate
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engagement in diet and lifestyle change; (iii) promote self-

efficacy for lifestyle change; and (iv) support and promote

autonomy, empowering healthy choices. We will refine the

guiding principles, based on the findings of our study.

Research aim

We aimed to explore how older adults, with health or

social conditions associated with risk of malnutrition,

experience psychosocial factors relevant to appetite and

eating behaviour. The purpose of the study was to inform

an intervention comprising a screen and treat policy,

incorporating a self-management package, delivered in

primary care.

Materials and methods

This qualitative study is part of a larger project using the

Person-based Approach, which involves using qualitative

interviews to capture participants’ experiences and beliefs
(24), as well as variation in individuals’ personal contexts
(31). This approach is ideal for exploratory work to

inform the development of healthcare interventions. The

team that collected and analysed the data are experienced

in applying qualitative methods to inform intervention

development. We carried out face-to-face semi-structured

interviews in participants’ homes. Interviews took 20–
90 min, with most taking 1 h or more. We obtained

approval from the National Health Service (Ref: 207060)

ethics committee before data collection. Experienced

qualitative researchers (DG, JSB, LP and PH) carried out

the interviews after receiving training to ensure ethical

and safe good practice. The study is reported following

COREQ criteria (32).

Participants

Participants were free-living adults aged ≥65 years, with

one or more health or social conditions associated with

malnutrition risk. Such individuals might in practice be

offered malnutrition screening tests in healthcare settings:

• Chronic health conditions [e.g. chronic obstructive

pulmonary disease, cerebrovascular disease; cardiac

failure; chronic kidney disease (stage IIIb/IV/V); liver

disorders; Parkinson’s disease; current depression], OR

• Hospital stay in the previous 6 months, OR

• Living alone

Participants were identified via general practice data-

base searches in Wessex, England, or by snowballing after

sharing study details through word-of-mouth. Those

interested in participating completed a reply slip after

receiving a participant information sheet and consent

form. Researchers telephoned to confirm that candidates

were happy to participate and arranged interviews. Con-

sent forms were signed at the start of interviews. A carer

or spouse was present in five interviews. Recruitment

stopped once a range of views were given and data satu-

ration was reached. Interviews took place between

November 2016 and July 2017.

Twenty-three participants took part: 16 from a pool of

60 identified via database searches, and seven by word-of-

mouth. The general practice sample was purposive,

including men and women of different ages. Participant

characteristics are summarised in Table 1. All lived in

their own homes, with two of these being in warden-as-

sisted flats. The snowball sample consisted only of

women. Most participants were aged 75–84 years, most

lived alone, three had recent hospital stays and three were

bereaved. Families helped one-third of participants with

their shopping or cooking. Most participants rated their

health in the past week as good to excellent but qualified

this as ‘for my age’ or ‘considering’ their health condi-

tions.

Topic guide

The topic guide was based on evidence and evidence gaps,

including findings from a mixed-methods review (21) and

previous qualitative research, as discussed in the Intro-

duction. There were seven key questions, each with ‘prob-

ing’ questions that interviewers could use to prompt

further detail about topics of interest, if needed. Partici-

pants were asked to describe their appetite and eating

patterns and related topics, including any concerns or

needs around shopping, food preparation or eating, and

experiences of oral nutritional supplements (ONS) (see

Supporting information, Appendix S1). The topic guide

evolved between interviews, ensuring questions were rele-

vant and understood by participants. For example, a

question about participants’ freezer contents was added

to elicit food choices and psychosocial factors, such as

how choices reflect nutritional self-care and beliefs about

energy-dense food.

Data analysis

Interviews were transcribed verbatim by a professional

transcriber. Inductive thematic analysis was conducted in

accordance with Braun and Clarke (33). Transcripts were

coded line-by-line by two researchers independently

(LP + PH, LP + LM). All coders discussed which codes

best captured participants’ experiences. LP compiled the

researchers’ decisions in a coding manual of mutually

exclusive codes. Codes were applied to further transcripts

(LP, LM and PH) and iteratively adjusted by consensus.
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Related codes were grouped into themes (Table 2); for

example, the codes ‘Desire to eat’, ‘Competing priorities’

and ‘Bereavement’ were grouped as ‘Perceptions about

appetite and eating experiences’. Data were collated in a

spreadsheet and analysed systematically retrieving excerpts

for each code and looking for shared and disparate expe-

riences within codes (LP).

The analysis was scrutinised and elaborated (LP and

LM). This included (i) considering the range of experi-

ences of appetite and eating in their everyday lives that

participants described; (ii) describing how barriers and

facilitators around eating were experienced; (iii) identify-

ing support needs; and (iv) examining values and beliefs

expressed about eating activities. We then considered

what would be the key implications of the findings for

intervention design.

Results

Themes

Seven themes were identified (Table 2). There was strik-

ing variation in participants’ experiences, but participants

also experienced common challenges and beliefs. Partici-

pants talked extensively about psychosocial aspects of

their eating experiences and behaviours, in relation to

their physical challenges, perceptions, beliefs, social con-

text, self-regulation, psychological responses to unin-

tended weight loss and perceptions about nutritional

supplements. The results presented focus primarily on

these psychosocial aspects, supporting our aim to identify

and make sense of barriers, facilitators, values and beliefs

around eating in older adulthood.

Physical and physiological aspects

Many participants offered physical or physiological expla-

nations for not eating as much as they used to, including

illness, immobility, pain, medication, reduced activity, or

difficulty chewing, swallowing or digesting certain foods.

They described how any of these physical difficulties

could present physical and psychological challenges to

shopping or preparing food or making what they consid-

ered to be ‘good’ food choices. For example, pain was

described as making it difficult to stand in the kitchen to

prepare food, as well as reducing motivation to eat. Some

participants described their appetite as ‘good’, ‘normally

good’, ‘fine’, ‘healthy’ or ‘ok’, whereas many described it

as ‘not that good’ or reported noticing their appetite

deteriorate. Loss of appetite and losing enjoyment for eat-

ing were attributed to changing taste perceptions, nausea,

medication, feeling full or anticipating indigestion.

‘A lot of things that were normal for me now I find

too sweet, cakes and chocolates and biscuits and

things like that . . . Taste does seem to have changed

since I had pneumonia . . . But that could be drugs

that they put into me . . .’ (P223, male, 86 years)

Perceptions about appetite and eating experiences

Some participants described their perceptions about chal-

lenges they experienced around appetite and eating. Most

Table 1 Characteristics of the interview participants

General practice

n (%)

Snowballing

n (%)

Age range (years)

65–74 3 (13) 1 (4)

75–84 7 (30) 5 (22)

85–94 5 (22) 1 (4)

Missing data 1 (4) 0

Gender: female/male 9/7 (39/30) 7/0 (30/0)

Health conditions (self-report)

Arthritis, bursitis, joint pain 5 4

Asthma 2 0

Bone disorders 1 0

Cancer (not currently

in treatment)

2 0

Chronic kidney disease 2 0

COPD 2 0

Chronic gastrointestinal

disorders (Crohn’s disease,

Diverticulitis)

2 0

Depression 1 4

Epilepsy 2 0

Eye conditions (cataracts,

macular degeneration, eye

membranes)

1 1

Heart valves (leaky or replaced) 2 1

Hip and knee replacements 1 2

High blood pressure 4 2

Infections needing hospital

stay in last year (sepsis,

pneumonia)

4 0

Leg ulcers 0 1

Stoma 1 0

Stroke 1 0

Missing data (number of

participants)

1 1

Self-rated health in last week

1–3 = Poor to very poor 1 (4) 1 (4)

4 = Average 5 (22) 2 (9)

5–7 = Good to excellent 10 (43) 4 (17)

Sheltered accommodation 2 (9) 0

Living alone 7 (30) 7 (30)

Recent hospital (last 6 months) 2 (9) 2 (9)

Bereavement in last year 2 (9) 1 (4)

Help to shop or cook 6 (36) 2 (9)

Self-rated health was participants’ response to the question, ‘How

would you rate your overall health during the past week? On a score

of 1–7, where 1 is very poor and 7 is very good’. COPD, chronic

obstructive pulmonary disease.
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described reduced desire for food making them less

inclined to eat substantial meals but, for some, ‘desire’ for

certain foods was distinguished from ‘feeling hungry’,

which was perceived as a need for food. Some participants

perceived appetite or weight loss positively for health rea-

sons or because they valued thinness, whereas others

reported efforts to regain weight following challenging

experiences, such as illness or hospitalisation, and some of

these were successful. Preparing food, cooking and eating

were described as a chore by several participants, who sta-

ted that they sometimes or often could not be bothered to

cook or eat. Although others did not specify that they

‘could not be bothered’, they reported prioritising other

activities above eating, missing meals to look after grand-

children or continuing with activities such as gardening,

and stated that hunger soon passed. A few participants

described losing a spouse as the point at which they strug-

gled to eat, and reported not being bothered to cook, not

fancying food or feeling too lonely to eat.

‘We just keep going, by the time I get to two

o’clock, the idea of food has worn off, and I won’t

think of it, although by the time we, if we come

back here, by four o’clock or half past four, then

seeing the little nibbles I start to pick, then it might

reawaken the appetite, but I can easily slide through

it . . .’ (P53, female, 65 years)

‘And since I lost him I suppose it [my appetite] just

went down. I can’t, I think to myself, oh I can’t be

bothered, not for one’ (P111, female, 79 years)

Beliefs around eating

Participants frequently expressed an understanding that

eating is important to stay fit and healthy. However, par-

ticipants described often skipping meals, eating two or

fewer meals a day or eating small amounts, which was

then perceived as confirmation of the belief that they

needed less food. Many stated that appetite and quantity

of food consumed are expected to decline with age, and

this perceived inevitable decline was attributed to reduced

activity and mobility after retirement.

‘I will usually always have breakfast, but sometimes

at lunch I don’t feel hungry, then in the evening I

don’t feel hungry and a couple of times I’ve sort of

just had cereal before I’ve gone to bed because I

think I’m going to wake up hungry’ (P393, female,

83 years)

Several participants favoured balanced diets, but some

emphasised their adherence to ‘healthy’ diets by

describing fruit, vegetables, skimmed milk and cereals

they ate, or stating that they avoided ready meals. A

few adhered to restrictive diets, believing them to be

healthy and protective against weight gain and some

avoided dairy products, for health reasons. Two partici-

pants expressed awareness of eating high-energy foods

to regain weight or prevent excessive weight loss,

although another disagreed with their GP’s recommen-

dation to eat high-energy foods. Some participants were

reluctant to admit to making food preparation or eat-

ing easier by having ready meals or snacking, if they

believed that these strategies were unhealthy. Where

Table 2 Themes and codes

Physical and physiological

aspects

Perceptions about appetite

and eating experiences Beliefs around eating Support needs

Physical challenges

Overcoming immobility

Chewing, swallowing

and digesting

Medication effects

Desire to eat

Trying to eat

Fatigue

Competing priorities

Bereavement

Cooking experiences

Weight concerns

‘Normal’ ageing

Good and bad food

Quantity of food

Link between eating and health

Conflicting messages

Social comparison

Needing tangible support

Having support

Wanting support with changing eating habits

Unhelpful support

Influence of source of advice on change

Eating with others

Regulation and self-regulation

Psychological responses to

unintended weight loss

Perceptions of oral nutritional

supplements

Patterns of eating

Others influencing choices

Using external cues

Strategies for eating without desire

Planning

Easy food

Sense of loss

Seeing the need for change

Ups and downs

Resignation

What can be done?

ONS as a strategy

Emotional response

ONS, oral nutritional supplements.
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these strategies were used, participants emphasized their

selection of ‘healthy’ versions.

‘It seems terrible to say this but it’s easier not to eat

than it is to prepare, that’s why it’s easy to snack.

When you get a bit older um its . . . I’ll just have

this (Yeah) I’ll have some toast, I won’t have a meal

or we’ll have a ready meal’ (P33, male, 75 years)

Support needs

Participants living alone or with challenges around shop-

ping, preparing food and eating often had tangible sup-

port from family or support organisations and were

grateful for this. However, some expressed regret that

relying on others sometimes meant getting help at the

wrong time, or that their preferences were not always

considered. Social eating occasions with friends or family

at home, in pubs or restaurants were experienced in vari-

ous ways. Some participants reported eating more or

richer food than usual with others, including with stran-

gers in a caf�e. However, those with little appetite or diffi-

culty eating certain foods described social eating as

uncomfortable, either physically or if they felt embar-

rassed or pressured to eat certain foods. A few partici-

pants reported forcing themselves to eat what they felt

they should and sometimes giving in to coercion from

family members. Resentment or sadness then seemed evi-

dent, and participants expressed more contentment when

families encouraged choice.

P: ‘She said, ‘Now you eat, Mum, what you wants.

Don’t force anything down you, just eat what you

wants’, and that’s what I’ve been doing’

I: ‘Yeah. And how is that going?’

P: ‘Alright, yeah. Yeah, it’s going alright’ (P111, female,

79 years)

Some participants expressed a desire for help to change

their habits, if unsure how much to eat or how to gain

weight. A few had received advice from doctors but did

not always follow it if they found it difficult or did not

understand or accept the rationale for recommendations.

One participant stated that the personable approach of a

new doctor made them confident to ask for advice, but

others were deterred from seeking help based on prior,

unsuccessful experiences.

I: ‘And how did you feel about that advice, to put

cream in instead of milk?’

P: ‘Well I wouldn’t say I agreed with her really . . .

because I think all you’re going to do is put a big

tummy and not going to build the muscle back up at

all . . .’ (P393, female, 83 years)

Regulation and self-regulation

Participants described varied eating self-regulation, with

some following set patterns most mornings, lunchtimes

and evenings, whereas others reported eating when hun-

gry or often skipping meals. Some outlined experiences

from childhood or habits developed when working that

they believed had influenced their current eating pat-

terns, including two who described experiencing anor-

exia when younger. Some participants reported keeping

the eating patterns that they had at work, which could

mean continuing to have a large meal at lunchtime or

in the evening, or prioritising other activities and grab-

bing a bite when they had an opportunity. Others

described enjoying changing to eating more casually or

more regularly after retirement, unrestrained by work

routines. Participants with less regular eating patterns

generally described their spouses’ influence as beneficial;

for example, if the spouse cooked or preferred to eat

regularly. However, there were examples of potentially

negative influences, such as participants following their

spouse’s prescribed diet for convenience, although their

health problems differed.

‘Well I mean we’ve sort of got ourselves in a disci-

pline of not eating between meals, umm and so we

don’t eat between meals. If we feel hungry, we wait

until the next meal’ (P143, male, 74 years)

Participants outlined strategies for eating without

desire, including eating at set times, creating a conducive

atmosphere, or grazing throughout the day on ‘easy’ food

including soup, rice pudding or treats. External cues were

described as having positive or negative effects: seeing,

smelling or tasting food could increase desire, remind one

to eat, or be off-putting. Some participants favoured

planning, including pre-ordering meat, planning the

week’s meals, stocking easy-to-cook food and freezing

food portions, whereas others stated that they did not

plan because, living alone, they could suit themselves. A

few participants talked about low mood affecting whether

they would carry out plans. Both planners and non-plan-

ners sometimes missed meals, although some non-plan-

ners described difficulty deciding what to eat if appealing

options were unavailable.

‘I’ll just suddenly find, well I wouldn’t mind such

and such a thing, and then I’ll go round the cup-

board and just see if something appeals to

me . . . and I don’t really, you know I don’t really

fancy something, or I haven’t planned for anything’

(P333, female, 88 years)
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Psychological responses to unintended weight loss

Participants often expressed negative feelings about appe-

tite or weight loss or loss of enjoyment around eating,

and many considered these changes to be inevitable as

they got older. Some expressed a desire to change their

eating habits, however difficult it was to eat more, more

frequently or regularly, although others accepted a

decreasing desire to eat and described avoiding social

activities that involved eating. A few participants stated

they tried to eat well but had not gained weight and did

not know what else to try, and this was tinged with sad-

ness and resignation. A few also expressed dissatisfaction

and resignation about other aspects of their lives, such as

loneliness, living somewhere they disliked, or mood fluc-

tuations, which they suggested could influence the desire

to eat. One participant made a link between eating well

and positive mood.

‘There are ups and downs, and if it’s one of your

down moments, then you do something, like stop

eating, when really and truly you should be eating

more to get you up out of that down beat’ (P593,

female, 92 years)

Perceptions of oral nutritional supplements

A few participants had experienced ONS, prescribed for

themselves or their spouse, or had tried over-the-counter

supplements. Some participants liked some ONS flavours,

or mentioned strategies to make ONS more palatable but,

overall, ONS were disliked and avoided as a result of

their texture, a sensation of being too full or difficulty in

digesting the milk used to mix them, which was perceived

as appetite-reducing. Participants also alluded to ONS

reminding them of their spouse’s terminal decline.

‘I don’t know what you can do to get your appetite

back unless you’re saying we try and make myself

drink a protein drink each day – we did have

that – I still got some in the cupboard’ (P001,

female, 83 years)

Discussion

Participants offered multiple reasons, and shared their

perceptions and beliefs, when explaining why they did

not eat as much as they used to, and many described

reduced enjoyment or desire around eating. They out-

lined how shopping, cooking and eating habits changed

in the face of physical challenges; for example, relying on

others for shopping, making simple food, or eating less

when experiencing pain. Participants believed that certain

foods were needed for health and fitness, although most

expected appetite to decline with age. Support needs were

generally met in this sample, although the quality of sup-

port, particularly encouragement and personal choice,

was most valued. Participants’ eating patterns were var-

ied, with some keeping regular mealtimes, whereas others

ate when they felt like it. Participants expressed sadness

about unintended weight loss and reduced enjoyment of

eating.

Sense of resignation

Our findings confirm that older adults have little aware-

ness of malnutrition risk factors and tend to attribute

reduced appetite and food intake to normal ageing rather

than risk-taking behaviour. Expanding on the study by

Reimer et al (23), we found that some people deny their

risk, whereas others are acutely aware that weight loss can

have serious health consequences. Recently bereaved par-

ticipants expressed fear about their reduced appetite and

weight loss after caring for someone who became frail

and died, perhaps worrying that they are also in decline
(34). Behaviour change interventions need to increase

understanding of risk, although strategies to address risk

and provide reassurance that one can stay well are also

needed.

We found a widely expressed belief that reduced

appetite and food intake are normal in ageing, as noted

previously (35). This is important because ageing-related

stereotype beliefs may reduce the confidence of individ-

uals to carry out health-promoting behaviours (36).

Novel to the present study, participants with long-term

eating difficulties, pain, inactivity or reliant on others

for everyday needs expressed their resignation to a

reduced appetite and reduced eating alongside physical

decline and deteriorating quality of life. Resignation

was frequently expressed as no longer being ‘bothered’

to cook or eat as effortfully as they had previously.

Those with recent weight loss, such as during bereave-

ment or hospitalisation, appeared to be motivated,

through fear or hope, to find solutions, although they

also seemed to have a sense of resignation when expe-

riencing the pain of loss. There appeared to be a tra-

jectory towards resignation that started with age-related

beliefs, reinforced by experiencing decline and reduced

choices. Interventions need to address beliefs about

inevitable decline, highlighting how eating can prevent

decline and encourage self-efficacy.

Diverse experiences, significant common barriers

Our findings revealed that many lacked the confidence to

change their eating habits, and overcome barriers, as

identified in previous studies (37,38). Misperceptions about

ready meals, frozen vegetables and snacks being
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‘unhealthy’ were common, perhaps reflecting long-held

beliefs or guilt about choosing easy options over home

cooking (39). Interventions need to address mispercep-

tions, normalise easy cooking options, share participants’

successful strategies and provide food suggestions, aiming

to support users’ confidence.

Difficulty with self-regulation (i.e. eating few meals,

skipping meals, eating only when hungry) was also com-

mon, particularly, but not exclusively, for those who lived

alone. This is congruent with research suggesting that

sensations of hunger and feeling full are related to self-

regulation (40). Demonstrating beneficial habits and using

visual cues and reminders to trigger hunger and eating

can support self-regulation of eating (41,42) and could also

be included in interventions.

Novel to the present study, these significant common

barriers were experienced despite striking variation in

participants’ eating experiences and behaviours. Uncer-

tainty about how much or what to eat to stay well or pre-

vent further weight loss appeared to hinder beneficial

food choices. Extending previous research (43), reduced

taste perceptions, expecting a reduced appetite, distracting

activities, negative emotions and loneliness appeared to

over-ride the body’s need for food and the subsequent

sensation of hunger. Lack of hunger was commonly seen

as a sign that food was not needed. Novel in research

with older adults, some participants distinguished

between hunger and the desire for food items and were

more likely to eat as a result of desire than hunger. Inter-

ventions could therefore encourage eating desired foods.

Some available ONS flavours were liked, contradicting

previous research (44), although dislike of ONS textures

and the finding that ONS would be avoided except as a

last resort concurred with previous research (45). A new

finding was that participants may be averse to ONS if

they associate ONS use with distress about a spouse’s ter-

minal illness. Interventions need to address how to pack-

age the message that ONS can help prevent unplanned

weight loss and encourage speedier recovery from infec-

tions. Interventions can also offer suggestions to make

ONS more appealing and easier to drink, including sug-

gestions given by participants. In the future, enriched

food products may provide a more acceptable alternative

to ONS (45), although the way they are presented to users

will also be important.

Difficulties maintaining independence

In the present study, many participants ate less than they

used to, concurring with previous research (27,46–49). Some

participants appeared to have an almost obsessive adher-

ence to eating behaviours that they felt would keep them

healthy and independent; for example, emphasising the

amount of fruit, skimmed milk and breakfast cereals they

ate, or how little they ate. This concurs with the study by

Winter et al. (35) who found that food choices were influ-

enced by a desire for independence, although strict diets

could compromise nutrition, undermining independence.

We also concur with Maitre et al. (50) who found that

malnutrition risk is associated with food ‘pickiness’, both

of which increase alongside growing dependence on

others for food-related activities. It is important to con-

vey older adults’ dietary needs in interventions, while also

emphasising how meeting these needs can support inde-

pendence. Participants also reported sometimes eating

more or richer food than usual when eating with friends

and family, concurring with Burke et al. (29), whose lun-

cheon club attendees ate more among familiar people.

Interventions would do well to offer strategies for lone

eating and encourage social eating.

Extending previous research, accumulating impacts

from health conditions and life events, underpinned by

age-related beliefs, made shopping, cooking and eating

harder, resulting in it being difficult to maintain indepen-

dence. Participants remained independent if sharing eat-

ing-related tasks with a partner but, once alone, some

struggled to sustain the range of behaviours required for

self-care. Declining independence impacted further on

their ability to shop, cook and eat, contradicting research

reporting that men living alone with chronic health con-

ditions, or who were bereaved, adapted to providing for

themselves (25,26).

Key implications for intervention design

Prior to the present study, we proposed that intervention

development would be guided by four principles, from cur-

rent evidence: (i) raise awareness of older adults’ nutrition

needs; (ii) motivate engagement in diet/lifestyle change; (iii)

promote self-efficacy for lifestyle change; and (iv) support

and promote autonomy, empowering healthy choices. The

findings of the present study allow refinement of these prin-

ciples. We clarified that appropriate intervention targets are:

(i) improving risk awareness; (ii) promoting self-efficacy to

manage malnutrition risk; (iii) promoting self-efficacy to

overcome barriers to eating and making long-term changes,

particularly resignation to age-related decline; and (iv) pro-

moting support from healthcare professionals that offers

choice and encouragement and harnesses personal reasons

for lifestyle change. Self-efficacy and motivation for lifestyle

change are thus combined, being closely linked and under-

pinned by resignation to age-related decline. Participants’

unmet needs and desire for support with respect to tackling

eating difficulties encourage us to address this need despite

previous research suggesting that older adults are unlikely to

make changes (51).
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Strengths and limitations

The strengths of the present study include the findings from

interviews with a range of free-living older adults with differ-

ent malnutrition risk factors, adding to previous research

about psychosocial aspects of eating among this population.

In particular, this includes an expectation of decline that

contributes to a sense of resignation to multiple different

barriers to eating, and difficulty maintaining independence.

The resulting understanding of participants’ experiences will

inform the development of interventions to encourage eat-

ing that meets the needs of such older adults.

The included individuals were currently struggling to

shop, prepare food and/or eat, or anticipated such chal-

lenges in the near future. Some appeared undernourished,

although we used no objective measure of malnutrition

risk. We also included individuals who were currently

eating regularly, some of whom had experience of unin-

tended weight loss from which they had recovered, giving

useful insights. The present study could be improved by

including more men, or those with a wider range of con-

ditions known to increase malnutrition risk.

Conclusions

The key findings are that: (i) sense of resignation; (ii)

diverse experiences and common significant barriers; and

(iii) difficulties in maintaining independence underpin the

experience of eating and appetite among older adults at risk

of malnutrition. There appears to be a trajectory of increas-

ing resignation in the face of common beliefs, values and

barriers to eating among older adults with health and/or

social conditions known to increase malnutrition risk.

Diverse multiple barriers to eating were found, which may

be underpinned by common beliefs and misperceptions.

Beliefs, values and barriers can also conspire to undermine

older adults’ aim to remain independent.

Interventions need to counteract commonly held beliefs

and misperceptions about the process of inevitable

decline in appetite and eating needs during ageing in

older adulthood, outline facilitators that have worked for

others, and persuade participants that some currently

unpopular behaviours (e.g. ONS) can support wellbeing

and independence.

Unanswered questions and future research

Future intervention development studies would do well to

incorporate the findings of the present study and imple-

ment and test ways of addressing the key barriers identi-

fied. The study team has carried out such an investigation

and aims to publish the results shortly. The mooted

mechanisms identified in the present study (e.g. raising

risk awareness, promoting self-efficacy), also need to be

tested, and the study team is carrying out a randomised

controlled trial in which these will be investigated. It will

be important to assess whether behavioural techniques

included in interventions address patients’ psychological

needs and issues (resignation, independence) and influ-

ence behavioural and clinical outcomes. It would also be

useful to identify which food-related strategies work best

to enable continued independence for older adults.
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Abstract

Background: Skin autofluorescence (SAF), which is a measure of accumula-

tion of advanced glycation end-products (AGE), and malnutrition are each

associated with higher mortality in dialysis populations, although no studies

have investigated these potentially related associations together. We simulta-

neously assessed SAF and malnutrition as risk factors for mortality in per-

sons receiving dialysis.

Methods: SAF was measured in 120 haemodialysis and 31 peritoneal dialysis

patients using an AGE Reader (DiagnOptics, Groningen, The Netherlands).

Dietary AGE, energy, protein and fat intake, handgrip strength, anthropom-

etry, biochemistry and Subjective Global Assessment were also evaluated.

Time to event was days from baseline to death, kidney transplantation or 30

September 2018.

Results: Median observation time was 576 days, during which 33 (21.9%)

patients died. Those who died had higher baseline SAF levels [3.8 � 1.0 ver-

sus 3.3 � 0.8 arbitrary units (AU); P = 0.001] and were more likely to be

malnourished (58% versus 31%; P = 0.006). Malnourished persons who

died had higher SAF values than those who died but were well-nourished

(4.2 � 1.1 versus 3.3 � 0.7 AU; P = 0.007). Survival was significantly better

in participants with baseline SAF below the median and in those well-nour-

ished than those with baseline SAF above the median and in those malnour-

ished, respectively. Multivariable analysis identified SAF [hazards ratio

(HR) = 1.44; 95% confidence interval (CI) = 1.05–1.97; P = 0.02], malnu-

trition (HR = 2.35; 95% CI = 1.16–4.78; P = 0.02) and chronological age

(HR = 1.60; 95% CI = 1.10–2.33; P = 0.01) as independent predictors of

mortality.

Conclusions: Although higher SAF and malnutrition are potentially inter-

related, they were both independently associated with increased mortality in

this population. Interventions to improve outcomes by reducing SAF

through correction of malnutrition or dietary AGE restriction require test-

ing in prospective studies.

Introduction

Dialysis is a life-prolonging therapy for persons with end-

stage kidney disease (ESKD), although it is associated

with a high mortality rate in large part due to increased

cardiovascular disease (1,2). Malnutrition, systemic inflam-

mation and oxidative stress have been proposed as non-

traditional cardiovascular risk factors that contribute to
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the increased cardiovascular mortality risk observed in

the ESKD population (3), although the manner in which

these factors interact and their relative importance

remains to be elucidated.

Advanced glycation end-products (AGEs) are uremic

toxins that accumulate in persons receiving dialysis as a

result of reduced renal clearance and increased formation
(4,5). Endogenous sources of AGEs include oxidative and

carbonyl stress, as well as hyperglycaemia (4). AGEs can

also be formed exogenously, either by cigarette smoking

or through the ingestion of foods cooked under dry heat

and high temperatures (e.g. grilling, roasting, frying) (6).

Taking advantage of the fluorescence properties of some

AGEs, the accumulation of these toxins in the skin can be

assessed non-invasively using skin autofluorescence

(SAF), which has proven to be an independent predictor

of all-cause and cardiovascular mortality in the dialysis

population (7–9); however, the mechanisms underlying

this association are not completely understood.

AGEs are markers of oxidative stress, which is linked

with systemic inflammation. Oxidative and inflammatory

processes act synergistically with respect to promoting

protein catabolism, muscle wasting and reduced hepatic

albumin synthesis, which together lead to the develop-

ment of malnutrition in the setting of ESKD (10,11). Mal-

nutrition, an independent predictor of mortality in the

dialysis population (12–15), exacerbates the deleterious

effects of systemic inflammation and oxidative stress by

increasing the susceptibility to infections and cardiovascu-

lar disease risk (16,17). It therefore appears reasonable to

suggest that a vicious cycle between inflammation, oxida-

tive stress and malnutrition may contribute to the poor

survival rates observed in persons on dialysis (18). Malnu-

trition and SAF have previously been reported in separate

studies to independently predict worse survival on dialysis

but, to our knowledge, no studies have simultaneously

investigated the association of SAF and malnutrition with

mortality. This is particularly important because it has

been previously reported that higher SAF and several

markers of malnutrition are independently associated in

persons on haemodialysis (HD) (19), raising the possibility

that the association between higher SAF and poorer sur-

vival may be explained by an association with malnutri-

tion, which was not assessed in previous studies (7,9). We

therefore aimed to investigate the prognostic significance

of SAF and malnutrition when evaluated together in per-

sons receiving dialysis.

Materials and methods

Study population

This was a single centre prospective observational study

conducted in the Department of Renal Medicine, Royal

Derby Hospital. Persons receiving HD and performing

peritoneal dialysis (PD) who were ≥18 years of age and

had an expected survival more than 1 year were eligible.

We enrolled 120 HD and 31 PD patients from September

2016 to August 2017. Participants on HD were dialysed

three or four times per week for 3–4 h using high-flux

polysulphone, polyarylethersulfone or polyvinylpyrroli-

done dialyzers. Persons performing PD dialysed using lac-

tate/bicarbonate-buffered 1.36% and 3.86% glucose

(Physioneal; Baxter Healthcare Corporation, Deerfield, IL,

USA), 7.5% icodextrin (Extraneal; Baxter Healthcare Cor-

poration) and/or 1.1% aminoacid-containing solutions

(Nutrineal; Baxter Healthcare Corporation). The exclu-

sion criteria used were: pregnancy or intending preg-

nancy, breastfeeding and having dark skin colour.

Written informed consent was obtained from all patients.

The study was approved by the local Research Ethics

Committee (East Midlands – Nottingham 1. REC refer-

ence: 16/EM/0243).

Data collection

Electronic medical records were used to collect participant

characteristics, including: age, sex, ethnicity, dialysis vin-

tage (i.e. time subsequent to first dialysis treatment), dial-

ysis adequacy, blood results, presence of diabetes (defined

by clinical diagnosis) and obesity [defined as having a

body mass index (BMI), ≥30 kg m�2] (20), as well as his-

tory of cardiovascular disease. Information regarding edu-

cational level, occupation and smoking status was

obtained from direct interview.

Dates and causes of death were obtained from elec-

tronic medical records. Causes of death were classified

into specific groups (21): cardiovascular, infection, malig-

nancy, treatment withdrawal and other cause of death.

The classification was performed independently by two

consultant nephrologists (NMS and MWT) and any dis-

agreements were resolved by discussion. Survival time was

defined as the number of days between the baseline

assessment and the date of death, censoring as a result of

kidney transplantation or 30 September 2018.

Skin autofluorescence measurement

SAF was measured using a validated Autofluorescence

Reader, version 2.4.3 (AGE Reader; DiagnOptics, Gronin-

gen, The Netherlands) as described in more detail else-

where (7,19). In brief, the AGE Reader directs an ultraviolet

excitation light (intensity 300–420 nm) through an illumi-

nation window of approximately 1 cm2 on a skin area (free

of visible vessels, scars, tattoos or any other skin irregulari-

ties) of the volar surface of the forearm at approximately

10 cm below the elbow. The AGE Reader then measures
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the amount of emitted light that is reflected back from the

skin (intensity 300–600 nm) using a spectrometer (AVS-

USB2000; Avantes Inc., Eerbeek, The Netherlands) and a

200-µm glass fibre. SAF is calculated by dividing the aver-

age emitted light intensity in the range between 420–
600 nm by the average excitation light intensity in the

range between 300–420 nm, and expressed as arbitrary

units (AU). Three SAF readings were conducted on the

nonfistula arm or the dominant arm if this did not have a

fistula, and within the first hour of HD treatment. The

mean value of three SAF readings was used for statistical

analyses. SAF readings may be affected by dark skin colour

and pigmentation as a result of a higher proportion of the

excitation light being absorbed. The AGE Reader has not

yet been validated in persons with darker skin colour and

skin reflectivity <6% (i.e. Fitzpatrick skin colour types 5–6)
(22). Consequently, SAF might not be reliable in this popu-

lation and persons with dark skin were therefore excluded.

It has been previously reported that SAF readings have

good reproducibility and repeatability (i.e. coefficient of

variation of 7–8%) (23).

Nutritional assessments

Information regarding energy, protein and fat intake was

obtained from three 24-h dietary recalls. Participants were

asked to recall all foods and drinks they had the day before.

Dietary recalls were analysed with DIETPLAN, version 7

(Forestfield Software Limited, Broadbridge Heath, UK) to

calculate the average energy, protein and fat intake. Average

daily intake of energy and protein was then calculated (kJ

and g, respectively) and expressed per kg of ideal body

weight. Dietary AGE intake (reported in kilounits per day)

was estimated with a food frequency questionnaire previ-

ously validated in persons with diabetes (24). For further

analysis, dietary AGE intake was corrected for total average

energy intake and for post-dialysis body weight.

Anthropometric measurements were conducted in line

with international standard methods of assessment (25).

Post-dialysis weight and height were measured to calculate

BMI (kg m�2), whereas measurement of mid-arm circum-

ference (MAC) and triceps skinfold thickness (TSF) (both

in cm) was conducted to calculate mid-arm muscle cir-

cumference (MAMC) using the equation: MAMC (cm2) =
MAC – (3.14 9 TSF). Handgrip strength (HGS) measure-

ment was conducted within the first hour of HD treatment

or during PD clinic visits using the Takei 5401 handgrip

digital dynamometer (Takei Scientific Instruments Co.,

Ltd, Tokyo, Japan). HGS was measured in the nonfistula

arm or the dominant arm if this did not have a fistula as

described elsewhere (19).

The seven-point scale Subjective Global Assessment

(SGA) (26) was performed to evaluate the nutritional

status. Based on the ratings of six individual core compo-

nents (i.e. history of weight loss, dietary intake, gastroin-

testinal symptoms, functional status, metabolic stress and

subjective physical examination of loss of subcutaneous

fat and muscle mass, and presence of oedema), nutri-

tional status can be classified into normal nutritional sta-

tus (scores of 6 or 7), mild-moderate malnutrition

(scores of 3–5) or severe malnutrition (scores of 1 or 2).

For statistical analysis, participants were placed in two

groups: well-nourished (SGA scores 6–7) or malnourished

(SGA scores 1–5).

Statistical analysis

All statistical analyses were performed using SPSS, version

24.0 (IBM Corp., Armonk, NY, USA). Data are expressed

as the mean (SD), median [interquartile range (IQR)],

percentages or hazard ratios [HR, 95% confidence inter-

val (CI)], as appropriate. Missing data were omitted: C-

reactive protein (CRP), n = 7; HGS, n = 6; MAC, MAMC

and TSF, n = 1. Comparisons of continuous variables

between two independent groups were performed using

Student’s t test or a Mann–Whitney U test, whereas inter-

group comparisons for categorical variables were con-

ducted with a chi-squared test or Fisher’s exact test.

Kaplan–Meier survival curves were computed according

to baseline SAF levels above or below the median value

and nutritional status at baseline.

Cox proportional hazards models were used to investi-

gate the prognostic value of SAF and malnutrition for

predicting mortality. As a result of the limited number of

events (deaths), only the three variables of greatest inter-

est that were associated with mortality in the univariable

analyses were included in the model. A product term (i.e.

two-way interaction term) was included in the regression

model to test for an interaction between SAF and malnu-

trition. P < 0.05 was considered statistically significant.

Sample size determination with mortality as the pri-

mary outcome showed that with a sample size of 150 par-

ticipants split in two groups (group 1: SAF below the

median, n = 75; group 2: SAF above the median,

n = 75), the analysis would have more than 80% power

to detect a HR of 2.7, assuming that the total number of

events (i.e. deaths) achieved was 34 and the average prob-

ability of the event was 0.1 in group 1 and 0.35 in group

2 (NQUERY ADVANCED, version 8.0; Statistical Solutions Lim-

ited, Boston, MA, USA).

RESULTS

Baseline participant characteristics

The demographic, clinical, biochemical and nutritional

characteristics of 120 HD and 31 PD participants are
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shown in Table 1. The mean (SD) age of the whole

cohort was 64 (14) years. Sixty-four percent of the popu-

lation were male and 88% were of white ethnicity. Mean

(SD) SAF was high at 3.4 (0.9) AU compared to the ref-

erence value of 2.5 (0.6) AU for the age group of 60–
70 years (27). Participants had low calorie and protein

intake compared to the estimated nutritional require-

ments for persons receiving dialysis (28).

SGA identified 56 participants (37%) as malnourished

and 95 as well-nourished (63%). SAF was significantly

higher in malnourished participants compared to those

who were well-nourished. Serum albumin, total dietary

AGE, energy, protein and fat intake, HGS, and all anthro-

pometric variables were significantly lower in malnour-

ished participants compared to those with a well-

nourished status. Dietary AGE intake corrected for post-

dialysis body weight and for total energy intake was not

significantly different between malnourished and well-

nourished participants. Females, current smokers and

those who were unemployed were more likely to be mal-

nourished than males, nonsmokers and employed partici-

pants, respectively. Coronary heart disease was more

evident in malnourished participants (Table 1).

Follow-up results

Median observation time was 576 days (IQR = 395–
684 days) during which 33 (21.9%) participants died and

22 (14.6%) received a kidney transplant. The most com-

mon cause of death was infection (33.3%) followed by

cardiovascular (30.3%), treatment withdrawal (15.1%),

other cause of death (12.1%) and cancer (9.2%).

Table 2 shows baseline participant characteristics

according to survival status. Participants who died had

Table 1 Baseline participant characteristics by nutritional status classification

Variable Overall (n = 151) Malnourished (n = 56) Well-nourished (n = 95) P value†

Age (years) 64 (14) 62 (16) 65 (13) 0.5

Female, n (%) 54 (36) 30 (54) 24 (25) <0.0001

White ethnicity, n (%) 133 (88) 47 (84) 86 (91) 0.2

Educational qualifications, n (%) 85 (56) 28 (50) 57 (60) 0.2

Unemployed, n (%) 114 (76) 48 (86) 66 (70) 0.03

Current smoking, n (%) 23 (15) 16 (29) 7 (7) <0.0001

Diabetes, n (%) 62 (41) 21 (38) 41 (43) 0.5

Coronary heart disease, n (%) 60 (40) 29 (52) 31 (33) 0.02

Peripheral vascular disease, n (%) 11 (7) 5 (9) 6 (6) 0.6

Obesity, n (%) 55 (36) 11 (20) 44 (46) 0.001

Dialysis vintage (months) 29 (10–69) 31 (11–61) 26 (10–67) 0.4

Dialysis adequacy (Kt V�1)* 1.45 (0.59) 1.54 (0.62) 1.40 (0.56) 0.1

Serum albumin (g L�1) 31.5 (4.6) 30.1 (5.4) 32.4 (3.8) 0.02

C reactive protein (mg L�1) 8 (4 to 17) 9 (3 to 23) 8 (4 to 14) 0.6

Total cholesterol (mmol L�1) 4.1 (1.2) 4.2 (1.3) 4.1 (1.1) 0.9

Serum creatinine (µmol L�1) 646 (214) 607 (211) 669 (214) 0.06

Serum phosphate (mmol L�1) 1.56 (0.51) 1.64 (0.56) 1.51 (0.47) 0.2

Serum potassium (mmol L�1) 4.6 (0.7) 4.5 (0.7) 4.7 (0.7) 0.2

Skin autofluorescence (AU) 3.4 (0.9) 3.6 (1.0) 3.2 (0.7) 0.009

Dietary AGE intake (kU day�1) 14545 (781) 12763 (6580) 15595 (8315) 0.02

Dietary AGE intake/body weight (kU kg�1) 168 (120–237) 168 (122–237) 168 (115–237) 1.0

Dietary AGE intake/energy intake (kU kJ�1) 2.2 (1.7–3.1) 2.3 (1.7–3.4) 2.2 (1.7–3.1) 0.6

Energy intake (kJ kg�1 day�1)‡ 87.5 (31.8) 77.9 (31.8) 92.9 (30.6) 0.001

Protein intake (g kg�1 day�1) 0.88 (0.29) 0.79 (0.32) 0.94 (0.25) <0.0001

Fat intake (g day�1) 57.9 (29.7) 47.9 (24.2) 63.8 (31.2) <0.0001

Post-dialysis weight (kg) 79.3 (20.8) 69.7 (17.8) 85.0 (20.4) <0.0001

Body mass index (kg m�2) 27.7 (6.3) 25.1 (5.1) 29.2 (6.4) <0.0001

Handgrip strength (kg) 23.0 (11.5) 19.1 (10.9) 25.1 (11.3) 0.001

Mid-arm muscle circumference (cm2) 25.6 (3.7) 23.9 (3.6) 26.6 (3.5) <0.0001

Triceps skinfold thickness (mm) 17.2 (7.2) 15.1 (6.3) 18.4 (7.5) 0.02

Data are expressed as the mean (SD), median (interquartile range) or percentages, as appropriate

AGE, advanced glycation end-product; AU, arbitrary units; kU, kilounits.

*Kt V�1 is weekly in peritoneal dialysis and per session in haemodialysis;
†

Malnourished versus Well-nourished.
‡

kcal kg�1 day�1: overall, 20.9 (7.6); malnourished, 18.6 (7.6); well-nourished, 22.2 (7.3).
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significantly higher baseline SAF and CRP levels com-

pared to those who did not die. Nonsurvivors were more

likely to be malnourished in comparison to survivors.

Participants who died also had significantly lower serum

albumin, HGS, and energy, protein and fat intake com-

pared to those who did not die. Older age, lack of educa-

tional qualifications and unemployment were more

evident among nonsurvivors than in survivors.

Participants who died and were malnourished (n = 19)

had significantly higher SAF levels and lower serum

albumin, serum creatinine, total dietary AGE, energy,

protein and fat intake, BMI, HGS, MAMC, and TSF com-

pared to those who died but were well-nourished

(n = 14) (see Supporting information, Table S1). No sig-

nificant differences were observed in dietary AGE intake

corrected for body weight and for total energy intake

between survivors and nonsurvivors, nor between those

who died and were malnourished and those who died but

were well-nourished.

Kaplan–Meier analysis showed that survival was signifi-

cantly better in those participants with a baseline SAF level

below the median value of 3.3 AU and in those who were

well-nourished at baseline in comparison to those with

baseline SAF level above the median value and in those mal-

nourished at baseline, respectively (Figures 1 and 2). Uni-

variable analysis identified malnutrition, no educational

qualifications, higher SAF, chronological age and lower

serum albumin, HGS, and energy, protein and fat intake as

significant determinants of higher mortality, although total

dietary AGE intake, as well as AGE intake corrected for

body weight and for total energy intake, were not. Multi-

variable Cox proportional hazards analysis identified SAF

(HR = 1.44; 95% CI = 1.05–1.97 per SD; P = 0.02), mal-

nutrition (HR = 2.35; 95% CI = 1.16�4.78; P = 0.02) and

chronological age (HR = 1.60; 95% CI = 1.10–2.33 per SD;

P = 0.01) as independent predictors of mortality (Table 3).

Inclusion of a product term in the model showed no inter-

action between SAF and malnutrition.

Discussion

In this prospective observational study, we found that

higher SAF and malnutrition were both significant and

independent predictors of increased mortality in persons

receiving dialysis. We also identified that several markers

of malnutrition such as serum albumin, HGS, and energy,

protein and fat intake were important determinants of

higher mortality, and that SAF was significantly increased

among those dialysis patients who died and were mal-

nourished.

The association between SAF and increased mortality

in persons receiving dialysis has been investigated previ-

ously in several studies. In one of the first prospective

studies carried out in this area (7), higher SAF was inde-

pendently associated with a four-fold increased mortality

risk over 3 years, with cardiovascular disease being the

main cause of death. We observed a 44% higher risk of

all-cause mortality for each SD increase in SAF. Similarly,

Mukai et al. (8) reported that each one SD increase in

SAF was independently associated with a 56% higher risk

of death. Several other observational studies have also

reported that increased SAF independently predicts higher

rates of all-cause and cardiovascular mortality in persons

Table 2 Comparison of baseline participant characteristics between

survivors and non-survivors

Variable

Non-survivors

(n = 33)

Survivors

(n = 118)

P

value*

Age (years) 69 (12) 62 (14) 0.004

Female, n (%) 13 (39) 41 (35) 0.6

Educational

qualifications, n (%)

20 (61) 46 (39) 0.03

Unemployed, n (%) 30 (91) 84 (71) 0.02

Current smoking, n (%) 6 (18) 17 (14) 0.6

Diabetes, n (%) 15 (46) 47 (40) 0.6

Coronary heart disease,

n (%)

17 (52) 43 (36) 0.1

Malnutrition, n (%) 19 (58) 37 (31) 0.006

Dialysis vintage

(months)

43 (20–71) 25 (8–68) 0.1

Serum albumin (g L�1) 29.5 (6.1) 32.1 (3.9) 0.02

C reactive protein

(mg L�1)

11 (5 to 29) 7 (3 to 14) 0.04

Total cholesterol

(mmol L�1)

4.0 (1.2) 4.1 (1.2) 0.6

Serum creatinine

(µmol L�1)

657 (206) 643 (217) 0.8

Skin autofluorescence

(AU)

3.8 (1.0) 3.3 (0.8) 0.002

Dietary AGE intake

(kU day�1)

13381 (7032) 14870 (8019) 0.4

Energy intake

(kJ kg�1 day�1)†
75.4 (26.0) 90.8 (32.7) 0.01

Protein intake

(g kg�1 day�1)

0.75 (0.25) 0.92 (0.29) 0.003

Fat intake (g day�1) 48.6 (24.7) 60.5 (30.6) 0.02

Body mass index

(kg m�2)

28.3 (6.5) 27.5 (6.2) 0.6

Handgrip strength (kg) 18.6 (10.7) 24.1 (11.5) 0.008

Mid-arm muscle

circumference (cm2)

25.7 (4.5) 25.6 (3.5) 0.7

Triceps skinfold

thickness (mm)

18.5 (6.7) 16.9 (7.4) 0.2

Data are expressed as the mean (SD), median (interquartile range) or

percentages, as appropriate.

AGE, advanced glycation end-product; AU, arbitrary units; kU, kilo-

units.

*Nonsurvivors versus Survivors.
†

kcal kg�1 day�1: non-survivors, 18.0 (6.2); survivors, 21.7 (7.8).

856 ª 2020 The Authors. Journal of Human Nutrition and Dietetics published by John Wiley & Sons Ltd on behalf of

British Dietetic Association

Skin autofluorescence, malnutrition and mortality D. Viramontes H€orner et al.



receiving dialysis (9,29–32). Multiple mechanisms may

explain the association between increased SAF and mor-

tality. AGEs cross-link proteins of the extracellular matrix

(e.g. collagen and elastin), altering their structural and

functional properties, which translates into increased arte-

rial stiffness and endothelial dysfunction (33), both of

which contribute to the pathogenesis of cardiovascular

disease. In addition, AGEs exacerbate vascular tissue dam-

age by binding to specific AGE receptors that induce

oxidative stress and systemic inflammation (34). Systemic

inflammation in turn promotes endothelial dysfunction

and vascular calcification (35). Oxidative stress, alongside

inflammation, also causes endothelial dysfunction, which

leads to the development and progression of atherosclero-

sis (10,36–38). Additionally, the association may be

explained, at least in part, by an association between

increased SAF and malnutrition (19), which is a well-de-

scribed risk factor for reduced survival on dialysis,

although, unfortunately none of the aforementioned

prospective studies included an assessment of nutritional

Figure 1 Kaplan–Meier plot of survival according to baseline skin autofluorescence (SAF) above or below the median value.

Figure 2 Kaplan–Meier plot of survival according to nutritional status at baseline.
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status. We have now filled this knowledge gap by showing

that SAF and malnutrition are independent predictors of

higher mortality on dialysis. Thus, elevated SAF does not

appear to be simply a surrogate marker of malnutrition.

Malnutrition is one of the major and most prevalent

complications in persons receiving dialysis(39,40). In the

present study, we found that malnutrition, as assessed by

the seven-point scale SGA, was a significant and indepen-

dent determinant of increased mortality. Several prospec-

tive studies have also reported that malnutrition, as

evaluated by the original and modified versions of the

SGA, is independently and strongly associated with over-

all and cardiovascular mortality in the dialysis population
(12–15). This association might be partially explained by

interactions between multiple risk factors related to mal-

nutrition that are also associated with increased mortality,

including inadequate dietary intake (41–44), presence of

cardiovascular disease (2), metabolic acidosis (45) and,

most importantly, systemic inflammation (46) and oxida-

tive stress (36). Although the accuracy of the seven-point

scale SGA to assess nutritional status relies on the dieti-

tian’s experience and training to interpret the data col-

lected (40), it continues to be the recommended

nutritional assessment tool by national and international

nutrition guidelines in the dialysis population (28,47).

It has been reported previously in a cross-sectional

analysis that SAF was significantly higher among mal-

nourished persons on HD and that markers of malnutri-

tion such as lower serum albumin, lower protein intake

and lower HGS, as well as longer dialysis vintage, pres-

ence of diabetes and history of smoking, were indepen-

dent determinants of increased SAF (19). The present

study extends these observations by showing that higher

SAF and malnutrition were independent risk factors for

higher mortality, although no interaction was found on

statistical testing. Additionally, SAF was significantly

higher in nonsurvivors who were malnourished compared

to those who died but were well-nourished. Furthermore,

lower serum albumin, HGS, and energy, protein and fat

intake were significant determinants of higher mortality

in univariable analyses. The association between higher

SAF and malnutrition may be explained by overlapping

mechanisms that likely contribute to both. AGEs are

rapidly formed during oxidative stress. Oxidative stress in

turn promotes systemic inflammation and vice versa.

Chronic inflammation and oxidative stress together

induce a number of mechanisms including increased

muscle proteolysis, decreased appetite and hypoalbumine-

mia, which ultimately lead to the development of malnu-

trition (10,11,48). Malnutrition may also contribute to AGE

Table 3 Cox proportional hazards analysis showing predictors of overall mortality in persons receiving dialysis

Predictor

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Age (years) 1.53 (1.04–2.24) 0.03 1.60 (1.10–2.33) 0.01

Sex (Female versus Male) 1.18 (0.59–2.37) 0.7

Educational qualifications (No versus Yes) 2.09 (1.04–4.12) 0.04

Current smoking (Yes versus No) 1.15 (0.48–2.79) 0.8

Diabetes (Yes versus No) 1.12 (0.57–2.23) 0.7

Coronary heart disease (Yes versus No) 1.59 (0.80–3.15) 0.2

Nutritional status (Malnourished versus Well-nourished) 2.30 (1.15–4.59) 0.02 2.35 (1.16–4.78) 0.02

Dialysis vintage (months) 1.00 (0.99–1.00) 0.7

Serum albumin (g L�1) 0.89 (0.84–0.96) 0.001

C reactive protein (mg L�1) 1.01 (1.00–1.03) 0.06

Total cholesterol (mmol L�1) 0.92 (0.67–1.25) 0.6

Serum creatinine (µmol L�1) 1.00 (0.99–1.00) 0.6

Skin autofluorescence (AU) 1.55 (1.16–2.07) 0.003 1.44 (1.05–1.97) 0.02

Dietary AGE intake (kU day�1) 1.00 (1.00–1.00) 0.4

Dietary AGE intake/body weight (kU kg�1) 1.00 (0.99–1.00) 0.2

Dietary AGE intake/energy intake (kU kJ�1) 1.01 (0.98–1.06) 0.3

Energy intake (kJ kg�1 day�1) 0.93 (0.88–0.99) 0.02

Protein intake (g kg�1 day�1) 0.16 (0.04–0.61) 0.008

Fat intake (g day�1) 0.98 (0.97–0.99) 0.03

Body mass index (kg m�2) 1.02 (0.97–1.07) 0.5

Handgrip strength (kg) 0.96 (0.92–0.99) 0.04

Mid-arm muscle circumference (cm2) 1.01 (0.92–1.11) 0.8

Triceps skinfold thickness (mm) 1.03 (0.98–1.07) 0.2

AGE, advanced glycation end-product; AU, arbitrary units; CI, confidence interval; kU, kilounits; HR, hazards ratio.
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formation through its interaction with oxidative and

inflammatory processes. Thus, a vicious cycle likely exists

between chronic inflammation, oxidative stress and mal-

nutrition to explain the association between SAF, malnu-

trition and increased mortality.

Our findings highlight the importance of dietetic

monitoring and support to help patients cope with the

nutritional challenges associated with ESKD (39). Malnu-

trition should be detected early by means of comprehen-

sive screening and assessment using different objective

and subjective nutritional markers (40), followed by

implementation of an individualised dietetic intervention

to treat it. One recent proof of principle study has

reported that an improvement of nutritional intake and

markers of nutritional status was associated with the sta-

bilisation of SAF levels in malnourished persons receiv-

ing dialysis (49). On the other hand, restriction of dietary

AGE intake has been found to reduce serum AGE levels

in some patient groups (50,51) but risks provoking or

exacerbating malnutrition in patients requiring dialysis
(19,52) and would therefore require close dietetic supervi-

sion. Large prospective trials are now warranted to inves-

tigate the role of dietary interventions with respect to

reducing SAF and improving outcomes in persons

receiving dialysis.

There are some limitations that need to be considered

when interpreting our findings. First, we included subjects

from a single centre and the sample size was relatively

small, which prevented us from including more variables

in the multivariable Cox proportional hazards model, and

may have resulted in a failure to detect weaker associa-

tions between some baseline variables and outcomes. Sec-

ond, the follow-up period was relatively short, and a

longer observation period may have revealed more evi-

dence of interaction between higher SAF, malnutrition

and mortality. Third, we limited our analysis to consider-

ation of baseline variables, whereas a larger study would

have allowed inclusion of change in SAF and change in

nutritional status as time-varying factors. Nevertheless,

unlike previous cohorts, the present study is the first to

prospectively and simultaneously assess SAF and malnu-

trition as risk factors for increased mortality. The obser-

vational design of the present study did not allow us to

assess causality; however, our results suggest that the risk

of death is considerably higher among those subjects with

increased SAF and malnutrition. Finally, valid SAF read-

ings cannot be obtained when the skin reflectivity is lower

than 6% (22); therefore, persons with dark skin colour

(i.e. Fitzpatrick skin colour types 5–6), who have an

ultraviolet reflectance of less than 6%, were excluded

from the study, and our findings may be applicable only

to persons with Fitzpatrick skin types 1–4.

In conclusion, although higher SAF and malnutrition

are potentially inter-related, we have found that they were

independently associated with increased mortality in this

dialysis population. Our observations strengthen the role

of SAF as an independent risk factor in the dialysis popu-

lation and suggest that interventions to reduce SAF may

result in improved survival, although this should now be

tested in prospective trials. Such interventions may

include correction of malnutrition and dietary AGE

restriction, although care should be taken in the latter

case to avoid exacerbating malnutrition.
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Abstract

Background: Portable gluten sensors are now commercially available to the

public, although there is genuine uncertainty within the medical community

over whether they should be used for coeliac disease management. The pre-

sent study described qualitatively the experience of using a portable gluten

sensor for 15 adults and 15 adolescents with coeliac disease participating in

a 3-month pilot clinical trial.

Methods: Participants were 30 individuals, aged 13–70 years, with biopsy-con-

firmed coeliac disease on a gluten-free diet. All received a portable gluten sen-

sor and were randomised to low, medium, and high numbers of single-use

capsules. Open-ended questions addressed likes and dislikes using the portable

gluten sensor after 3 months. Major themes were identified and described.

Results: Participants liked that the portable gluten sensor provided extra

assurance to check foods presented as gluten-free, the convenient size and

portability, the added sense of control, and overall peace-of-mind. Partici-

pants disliked having attention drawn to them when using the sensor and

feeling as if they were deterring others from eating. Participants also disliked

the physical difficulty associated with using the capsules, questionable accu-

racy and the inability to test fermented foods. Adults were more enthusiastic

about the sensor than adolescents.

Conclusions: Positive and negative experiences may be expected when using

commercially available portable gluten sensors to help manage coeliac disease.

As future versions of this and other gluten sensors become available, it will be

important to investigate the relationship between users’ experience with the

sensors and long-term outcomes such as mucosal healing and quality of life.

Introduction

Although the focal point for coeliac disease (CeD) treat-

ment is adherence to a strict gluten-free (GF) diet, inad-

vertent gluten exposures are commonly reported (1).

Portable gluten sensors are now commercially available,

although there is genuine uncertainty within the medical

community over whether they should be used for coeliac

disease management. One such sensor is Nima (2). Nima

uses antibody-based chemistry to quickly indicate ‘gluten

found’ or ‘no gluten found’ in pea-sized samples of food.

Levels < 20 ppm are considered GF by the US Food and

Drug Administration (3), although Nima frequently

detects gluten at lower concentrations (4,5). Although data

are emerging regarding the performance of portable glu-

ten sensors, little is known about patient responses to

real-time access to the data provided. A correlation

between strict gluten-free diet management and dimin-

ished quality of life, including anxiety and depression, has

been highlighted. More specifically, we have documented

that adults reporting greater vigilance to a gluten-free diet

to have lower quality of life scores compared to their less
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vigilant counterparts (6). Although portable gluten sensors

have the potential to reduce unintentional gluten expo-

sure, anxiety when eating out, and concern about cross-

contact, we were concerned that the technology could be

a source of frustration when unexpected gluten is

detected and/or may trigger extreme vigilance and stress.

We previously reported quantitative data on potential

beneficial effects of using Nima on quality of life and

depression for adults and adolescents with CeD partici-

pating in a 3-month clinical trial (7). The present study

covers the qualitative data from those same study partici-

pants, which were collected at the same time.

To provide context for the present study, we sum-

marise some results of the quantitative report (7). At fol-

low-up, adults had statistically and clinically significant

improvements in Overall and Limitations CeD-specific

quality of life (CD-QOL) and depression scores (CESD);

teenagers exhibited no changes. The benefits of using

Nima acknowledged by almost all of the adults and teen-

agers (i.e. approximately 90%) included ease of use, help-

fulness in following a GF diet and giving peace of mind.

Not a major barrier for either group, however, more

teenagers than adults agreed that using Nima made them

anxious (43% versus 0.0%, v2 = 5.7, d.f. = 1, P = 0.02).

The vast majority of participants would recommend the

device to others with CeD and planned to continue using

it. Six participants (20%), all randomised to the lower

use groups, desired more capsules. However, for adults in

the ‘moderate use’ and ‘heavy use’ groups, as well as for

adolescents in all three groups, the majority (60 adults,

100% adolescents) desired fewer. The portable gluten sen-

sor did not encourage hypervigilance but, instead, selec-

tive testing once or twice per week in specific situations.

Materials and methods

Fifteen adults and 15 adolescents with biopsy-confirmed

CeD were recruited from a New York City (NYC) CeD

referral centre. All participants received a Nima sensor

and were randomised to receive low, medium or high

numbers of single-use capsules. Participants received

either 24 capsules per month (72 in all ‘heavy use’); 12

capsules per month (36 in all, ‘moderate use’); or 6 cap-

sules per month (18 in all, ‘light use’). Group assignment

was based on two iterations (one for adults and one for

teens) of randomisation of 15 into three groups of five, as

accomplished using a table of random digits by the statis-

tician. Our goal in offering different ‘doses’ was two-fold:

to get a handle on typical desired usage and to allow some

participants sufficient room for the possibility of hypervig-

ilance as evidenced by testing ‘everything’. Two instruc-

tional handouts were provided and reviewed. The

handouts described how to run a test, what can and

cannot be accurately tested, and how to pair Nima with

the Nima app to log one’s history of tests (note that the

sensor can be operated without being paired with the

app). No recommendations for what, where or when to

test were offered. The 3-month follow-up included open-

ended questions on the benefits, barriers and limitations

using Nima: Overall, what did you like most about Nima?

Overall, what didn’t you like about Nima?, Do you think

Nima can improve the management of CeD for yourself?

For others? And how? Spontaneous responses were noted

and probed, as appropriate. Themes were identified via

researcher consensus (8) and are described. Additional

study details and quantitative results have been reported

previously (7). The study was approved (12/28/17) by the

Institutional Review Boards at the Columbia University

Medical Center and at Teachers College Columbia Univer-

sity and registered with ClinicalTrials.gov (NCT03321214).

Results

For adults, the median age was 34 years with a median

CeD diagnosis 2.2 years previously. Two-thirds were

female and most self-described as non-Hispanic white

and college-educated. For adolescents, the median age

was 16 years with a median CeD diagnosis 6.7 years pre-

viously. Nine (60%) were female, all self-described as

non-Hispanic white. All participants were from the NYC

metropolitan area. One adolescent was lost to follow-up

and all adults completed the study. Table 1 summarises

the main themes that emerged from the open-ended

questions and includes illustrative quotes. Themes are

listed in order of decreasing overall prevalence.

Participants liked that Nima provided added assurance

that foods being presented as GF by family or friends,

restaurants, cafeterias, or packaged product labels were,

indeed, GF. Participants used Nima to ‘double check’ foods

they already believed to be GF. The convenient size and

portability of the sensor, appreciated by most participants,

allowed for Nima to be used in situations of uncertainty

such as when traveling. For some, this translated to feeling

less limited in trying foods and/or restaurants.

Participants disliked having attention drawn to them

when using Nima or feeling as if they were deterring

others from eating. Participants also disliked the physical

difficulty associated with closing the capsules, a major

drawback mentioned by the majority of participants. For

adolescents, especially, this struggle was embarrassing and

discouraged them from wanting to use the sensor around

friends. Now, the manufacturer offers a small wrench to

close capsules, an option not available at the time of the

study. Some participants had concerns about Nima’s

accuracy and reliability. A lack of trust was often related

to inconsistent results after multiple tests of the same
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meal. Some reported that the sensor was too sensitive for

their personal needs. Some had difficulties with the

mobile app. Others disliked the inability to test fer-

mentable foods such as soy sauce, barley malt and beer.

Discussion

Long-term adherence to a strict GF diet is currently the

only treatment for CeD. Avoidance of and contact with

gluten can be a constant concern (9-11), particularly when

eating outside the home. Nima is one of three currently

available home or personal gluten detection kits (12). A

recent study of crowd-sourced data from Nima testing

found that approximately one-third of restaurant foods that

claimed to be GF contained detectable levels of gluten (13).

Our earlier report related to the present study con-

firmed a predominance of user satisfaction with Nima as

indicated by an intention to continue using the device

Table 1 Main themes and illustrative quotes based on open-ended questions concerning what participants most liked and disliked about Nima

Liked Disliked

• Extra assurance to check foods presented as gluten-free

a Prepared by family or friends

b From restaurants or when travelling

c From school lunch*

d Made in a shared facility or uncertified

Quote: ‘Was able to have Wendy’s hot food out with friends

instead of my PB&J from home because I felt safe after testing –

in the past I never would have risked it’

• Convenient size and/or portability

a Being able carry in a pocket or purse

b Can test inconspicuously

Quote: ‘Fits into a backpack easily – am heading off to college in

fall – capsules will be small and easy to carry’

• Overall peace of mind

a Added comfort, confidence

b Added sense of control

Quote: ‘If concerned, I had the device as a way to double

check or triple check’

• Nima App benefits

a Crowd-sourcing nature and reviews

Quote: ‘Liked having other people’s tests; used for eliminating

places rather than places that said they were OK’

• Feeling less limited

a By trying foods and/or restaurants they normally wouldn’t

b By adding back foods previously avoided

Quote: ‘In the past, I would have been more hesitant, worried

I might get sick. Now, I can test, get a smile, and feel relief/happy

to eat the food’.

• Immediacy of testing

Quote: ‘Liked that you could tell right away whether food had gluten

in it – there’s no other way to get instant results’

• Extra caution restaurants seemed to take when sensor was being

used†

Quote: ‘Can put it on the table and restaurants notice and think

their reputation is on the line, so they are extra careful’

• Social difficulties

a Three-minute wait for result (too long)

b Noise during testing

c Not wanting to draw attention or deter others from eating

d Unsure what to do if sample tested positive for gluten

while in restaurant

e Guilt of not testing favorite places for fear of possibly

having to eliminate†

f Remembering to carry/use it*

Quote: ‘I wasn’t sure what to do if I got a wheat symbol in a

restaurant. Re-order? Wait for a whole other meal to be

cooked? Leave?’

• Physical difficulties

a Difficulty closing capsules‡

b Inserting appropriate-sized food sample

Quote: ‘Couldn’t bring to a party and do a test myself

because the capsules were too hard to close. Could only use

with my dad around’

• Questionable accuracy or reliability

a Inconsistent repeated tests/didn’t trust

b Overly sensitive or not sensitive enough†

c Only testing a sample of a whole dish†

Quote: ‘Tested a packet of cheese sauce twice and got

two different results – felt unreliable and frustrating’

• Nima App difficulties

a Too few reviews to be helpful

b loss of connectivity†

Quote: ‘Searching for other peoples’ tests was cumbersome’

• Cost of capsules

Quote: ‘$6 per capsule is too much’

• Inability to test fermented foods or meds†

Quote: ‘If we go for Japanese or Thai, I wouldn’t be able to

test for gluten-free soy sauce’

*Theme mentioned only by adolescents.
†Theme mentioned only by adults.
‡Nima now includes a wrench to close capsules. This wrench was not available during the study period.
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and willingness to recommend it to others with CeD (7).

This was the case among both adults and adolescents.

The present study is the first to qualitatively describe the

experiences of adults and adolescents with CeD as they

used such a sensor.

Our prior work has described the psychological impact

of CeD treatment, and that dietary hypervigilance may be

detrimental to quality of life (6). However, we found that,

in this pilot study, the use of Nima did not appear to foster

hypervigilance but rather gave peace of mind to users (7).

The manufacturer intends Nima to be used in conjunction

with asking questions about meals and food preparation,

and not to use Nima as the sole source of information (14).

Our results suggest Nima was being used as intended. The

sensitivity of the sensor beyond FDA standards appeared to

be concerning to our study participants, potentially render-

ing the sensor too restrictive for some.

The present study has limitations. It was conducted at

a single CeD referral centre, the sample size was small,

the follow-up was brief and the population was demo-

graphically homogenous. Additionally, we only studied a

sensor from a single manufacturer. Because comments by

the study participants were sensor-specific, these data

may not be generalisable to other portable gluten sensors.

Our findings suggest that both positive and negative

experiences may be expected among patients using porta-

ble gluten sensors to help manage their CeD. Determining

who might benefit from gluten sensors and in what set-

tings is still unknown and should be investigated further.

As future versions of this and other gluten sensors

become available, it will be important to investigate the

relationship between user experience with the sensors and

clinical outcomes, such as mucosal healing, as well as the

effects of use on long-term quality of life.
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CORRIGENDUM

In Nishioka et al. (1), under the heading ‘Reference standard’, the following equation was incorrect (it should be a –
before 6.19, not a +):

eCER = 879.89 + 12.51 × body weight (kg) + 6.19 × age + 34.51(if black) − 379.42(if female)

The correct equation is:

eCER¼ 879:89þ12:51�body weight ðkgÞ�6:19� ageþ34:51ðif blackÞ�379:42ðif femaleÞ
The authors apologize for any inconvenience this may have caused.
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