
Journal of 
Human Nutrition 
          and Dietetics

Editor: Simon Langley-Evans

VOLUME 33 • ISSUE 3 • JUNE 2020

 

THE OFFIC IAL  JOURNAL OF THE BRIT ISH DIETETIC  ASSOCIATION

 Professional Guidelines 

 Personalised Nutrition

 Diet and Sleep

 Weight Loss and Weight Maintenance

 Clinical Nutrition

 Fatty Acids

jhn_v33_i3_12678.indd   1jhn_v33_i3_12678.indd   1 5/1/2020   8:34:24 PM5/1/2020   8:34:24 PM



Journal of
Human Nutrition and Dietetics
The Offi cial Journal of the British Dietetic Association

Editor-in-Chief
Professor Simon Langley-Evans
Deputy Head of School of Biosciences
University of Nottingham,
UK.
E-mail: simon.langley-evans@nottingham.ac.uk

Associate Editors
S Burden, University of Manchester, UK
C Green, Nutricia, The Netherlands

Editorial Board
A. Anderson, Centre for Public Health Nutrition Research, University of Dundee, UK
T. Baranowski, Bayor College of Medicine, USA
T. Burrows, University of Newcastle, Australia
L. Chen, University of California, USA
J. Coad, Massey University, New Zealand
C. Collins, University of Newcastle, Australia
P. Collins, Griffi th University, Australia
K. Davison, Simon Fraser University, Canada
J. Harvey, University of Vermont, USA
M. Hickson, Plymouth University
M. Kiely, County College Cork, Ireland
I. Lemieux, Quebec Heart Institute, Laval University, Canada
S. Lennie, University of Newcastle, UK
A. Madden, School of Health and Emergency Professions, University of Hertfordshire, UK
G. Mailhot, Université Montréal, Canada
D. Mellor, Aston University
A. O’Sullivan, Institute of Food and Health, University College Dublin, Ireland
Y. Probst, University of Wollongong, Australia
A. Roefs, Faculty of Psychology, Maastricht University, The Netherlands
K. Whelan, Kings College London, UK
L. Williams, Department of Oncology, University of Sheffi eld, UK

Aims and editorial policy
Journal of Human Nutrition and Dietetics is an 
international peer reviewed journal publishing 
papers in applied nutrition and dietetics. Papers are 
therefore welcomed on:

•    Clinical nutrition and the practice of therapeutic 
dietetics

•    Public health nutrition and nutritional epide-
miology

•    Health promotion and intervention studies and 
their effectiveness

•    Food choice and the psychology of eating 
behaviour

•    Food intake and nutritional status
•    Sociology of food intake

Further information on this journal can be accessed 
at wileyonlinelibrary.com/journal/jhn

The Publisher, British Dietetic Association and 

Editors cannot be held responsible for errors or any 
consequences arising from the use of information 
contained in this journal; the views and opinions 
expressed do not necessarily refl ect those of the 
Publisher, British Dietetic Association and Editors, 
neither does the publication of advertisements 
constitute any endorsement by the Publisher, British 
Dietetic Association and Editors of the products 
advertised.

Journal of Human Nutrition and Dietetics © 2020 
The British Dietetic Association. All rights reserved. 
No part of this publication may be reproduced, 
stored or transmitted in any form or by any means 
without the prior permission in writing from the 
copyright holder. Authorization to photocopy items 
for internal and personal use is granted by the 
copyright holder for libraries and other users 
registered with their local Reproduction Rights 
Organisation (RRO), e.g. Copyright Clearance Center 
(CCC), 222 Rosewood Drive, Danvers, MA 01923, 

USA (www.copyright.com), provided the appropriate 
fee is paid directly to the RRO. This consent does not 
extend to other kinds of copying such as copying for 
general distribution, for advertising or promotional 
purposes, for creating new collective works or for 
resale. Permissions for such reuse can be obtained 
using the  RightsLink “Request Permissions” link  
on Wiley Online Library. Special requests should be 
addressed to: permissions@wiley.com

The Journal of Human Nutrition and Dietetics 
is published by Blackwell Publishing Ltd: 9600 
Garsington Road, Oxford OX4 2DQ, UK. Tel: +44 1865 
776868; Fax: +44 (0)1865 714591. Blackwell Publishing 
was acquired by John Wiley & Sons in February 2007. 
Blackwell’s programme has been merged with Wiley’s 
global Scientifi c, Technical and Medical business to 
form Wiley Blackwell.

Production Editor: Devvie Rose Miranda (email: 
jhn@wiley.com)

jhn_v33_i3_12678.indd   2jhn_v33_i3_12678.indd   2 5/1/2020   8:34:24 PM5/1/2020   8:34:24 PM



DIET AND SLEEP

Diet and sleep health: a scoping review of intervention
studies in adults
T. Burrows,1,2 S. Fenton2,3 & M. Duncan2,3

1Faculty of Health and Medicine, School of Health Sciences, University of Newcastle, Callaghan, NSW, Australia
2Physical Activity and Nutrition, Priority Research Centre, Newcastle, NSW, Australia
3Faculty of Health and Medicine, School of Medicine and Public Health, University of Newcastle, Callaghan, NSW, Australia

Keywords

diet, diet quality, scoping review, sleep, sleep

health.

Correspondence

T. Burrows, Faculty of Health and Medicine,

School of Health Sciences, University of

Newcastle, University Dr, Callaghan, NSW 2308,

Australia.

Tel.: +61 02 49215514

E-mail: tracy.burrows@newcastle.edu.au

How to cite this article

Burrows T., Fenton S. & Duncan M. (2020) Diet

and sleep health: a scoping review of

intervention studies in adults. J Hum Nutr Diet.

33, 308–329

https://doi.org/10.1111/jhn.12709

Abstract

Background: Recent research has demonstrated an association between diet-

ary intake and sleep health that can influence chronic disease risk factors. A

scoping review of research studies investigating dietary intake and sleep was

undertaken to determine the extent and scope of research in laboratory-

based, free-living and mixed settings. Additionally, this review determines

how well subpopulations and geographical locations are represented and the

methodologies used to assess outcome measures.

Methods: Five online databases were used to identify papers published

between 1970 and 2017. Included studies were those conducted in adults

and reported both outcomes of interest: (i) sleep health, including sleep

restriction and sleep hygiene and (ii) dietary outcomes, including altered

nutrients, dietary patterns and supplements.

Results: In total, 129 publications were included with the majority being

dietary interventions investigating sleep outcomes (n = 109) with fewer be-

ing sleep interventions investigating and reporting dietary outcomes

(n = 20). Dietary interventions were most often carried out in free-living

environments, in contrast to sleep interventions that were most often car-

ried out in laboratory-based environments. The majority of dietary interven-

tions investigated use of a supplement (n = 66 studies), which was

predominantly caffeine (n = 49). Sleep interventions investigated sleep dura-

tion only, with the majority (n = 17) investigating the effect of partial sleep

restriction under 5.5 h per night on dietary intake, while three studies

investigating total sleep deprivation.

Conclusions: Investigating broader aspects of dietary such as overall diet

quality and dietary patterns and other components of sleep health such as

quality, timing and sleep hygiene are important aspects for future research.

Introduction

Individually, poor dietary intake and poor sleep are asso-

ciated with increased risk of developing obesity and

weight-related chronic diseases such as type 2 diabetes

and coronary heart disease (1–3). Sleep disturbance is

hypothesised to interfere with the bodies restorative pro-

cesses that occur during sleep, which can lead to biologi-

cal risk factors for chronic disease (e.g. decreased insulin

sensitivity) (4). In the USA, 54% of adults are estimated

to have a poor quality diet (5) and less than two-thirds of

adults sleep for the recommended 7–9 h per night (6,7),

whereas one-quarter report poor sleep quality (8).

Poor diet characterised by excessive energy intake, low

intakes of core foods such as fruits and vegetables and

overall poor diet quality can result in weight gain as a

result of an energy imbalance (9) and can contribute to

poor sleep. A number of studies have found that dietary

intake, particularly in the period before bedtime, can

affect various aspects of sleep health (i.e. increased sleep
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latency, shorter sleep cycles) (10–12). Diet has been sug-

gested to influence sleep through the consumption of

sleep-promoting and wake-promoting nutrients. Research

has reported a range of nutrients that promote sleep,

including tryptophan (12), which is an amino acid that is

converted in the body to serotonin and melatonin, essen-

tial for sleep regulation (13,14), as well as nutrients that

inhibit sleep, including caffeine, which is a nervous sys-

tem stimulant (15) and alcohol, a depressant that often is

associated with shorter sleep cycles and poor sleep quality
(16). A previous review of the relationship between diet

and sleep reported that a diet rich in fruits, vegetables,

whole grains and lean protein sources can improve sleep

duration and quality (14).

Sleep is assumed to influence dietary intake, notably

energy intake, through impaired executive functioning

from insufficient sleep that leads to an increase in the

activation of brain regions sensitive to food stimuli,

thereby increasing the motivation to eat (17). Insufficient

sleep has also been found increase energy intake by up-

regulating appetite hormones leptin and ghrelin and

increase intakes of take-out food (18) and increased

intakes of energy dense nutrient poor foods to overcome

tiredness (19–21).

Existing research indicates a bidirectional relationship

in that dietary intake may influence sleep duration and

quality, and sleep duration may influence diet. Previous

reviews have investigated intervention studies on the

effect of sleep on dietary intake; however, the focus has

been specifically on the effect of sleep duration (22–24).

These reviews have not examined the scope of the evi-

dence of other dimensions of sleep health (i.e. quality,

timing and daytime alertness) and their influence on diet-

ary intake. Furthermore, existing reviews have focused on

the dietary outcomes of energy intake and single nutri-

ents, (22,23) without comprehensively examining other

aspects, including diet quality or types of foods consumed

in response to sleep health.

However, there is no review that has determined the

extent/nature of the evidence from studies of the influ-

ence of dietary intake on sleep, and the multiple indica-

tors of sleep health. Sleep health is a multidimensional

construct that includes sleep duration and quality, as well

as sleep timing and daytime alertness (25). Furthermore,

there has been no review conducted on the extent of the

evidence on the effect of sleep health on aspects of dietary

intake, in addition to energy intake and macronutrient

intake, in interventional studies where causal relationships

can be determined.

Given the high prevalence of both poor diet and poor

sleep behaviours in the adult populations, the negative

implications for health that such behaviours can have,

and evidence suggesting there may be a bidirectional

relationship between sleep and diet, it is important that

the scope of the evidence is explored. A scoping review

will increase our understanding of the current evidence

base and identify gaps that may exist and highlight areas

to explore further, in future research.

The objective of this scoping review is to provide an

overview of the evidence of interventions in the adult

population that have examined the influence of diet inter-

ventions on sleep health outcomes, as well as sleep inter-

ventions on dietary outcomes. The primary question was

to determine what types of studies, settings and popula-

tion groups have been used to examine the influence of

diet interventions on sleep health outcomes, as well as

sleep interventions on dietary outcomes. The secondary

questions were to evaluate the type of interventions and

the range of outcomes that are reported in published

studies.

Materials and methods

This systematic review adheres to the PRISMA statement

for scoping reviews (Prisma-SCR) (26) and, as such, the

protocol is not registered.

Study criteria

To be eligible for inclusion in this review, a study had to

be conducted in an adult population (≥18 years) free of

any medically diagnosed health conditions, sleep disorders

(e.g. sleep apnoea, narcolepsy, insomnia), eating disorders

(e.g. anorexia nervosa, bulimia nervosa), mental health

conditions, diabetes, cancer, and cardiovascular disease

(CVD). Eligible studies reported an intervention that

modified either (i) components of diet (e.g. energy

intake, macronutrient intake, intake of a specific food/

beverage, or dietary pattern), or (ii) components of sleep

health (e.g. sleep duration, sleep efficiency, sleep timing)

or sleep hygiene practices, and reported diet or sleep

health outcomes. For the purposes of this review, ran-

domised controlled trials (RCTs), randomised and non-

randomised cross-over studies, and pre-post studies

conducted in free-living, laboratory and mixed settings

were included. Reviews, meta-analyses, observational

studies, case studies, editorials and conference abstracts

were excluded.

Search strategy

Five databases (Medline, EMBASE, Cochrane, SCOPUS

and CINAHL) were searched from their inception to

November 2017 using predefined keywords (for the full

search strategy, see Supporting information, Table S1).

Limits were applied to include studies published in the
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English language, in humans. A manual search of the ref-

erence lists of relevant publications was also conducted to

ensure that no relevant articles were missed.

Study selection

Duplicates and articles published before 1970 were

removed, as collectively these databases report that they

reliably index records from 1970 onward. The remaining

title and abstracts were screened by two independent

reviewers (SF, research assistant) using the predetermined

inclusion/exclusion criterion. Full texts were retrieved and

evaluated against the inclusion/exclusion criteria indepen-

dently. Discrepancies were resolved by a third indepen-

dent reviewer (TB or MD). Consensus was reached for all

included articles.

Data charting

A data extraction form was created jointly by the research

team to determine the variables to extract. Two reviewers

independently charted the data and extracted the infor-

mation in a consistent way that were relevant to the

review’s aims. The form included characteristics and

information outlined in Table 1. Any disagreements

between reviewers were resolved by discussion with a

third reviewer. Data extracted included study design,

country, setting (laboratory/free-living/mixed), participant

characteristics, the intervention type, and intervention

delivery method. For the purpose of this review, dietary

interventions were classified into major intervention

approach, which included: supplements, altered nutrient

(which included interventions where only one aspect of

the diet was being modified), fasting/energy restriction,

altered overall diet (such as changes in overall dietary

pattern, low fat) and ‘other’ where an intervention could

not be classified into one of the aforementioned cate-

gories. In a similar mode, sleep interventions were classi-

fied as one of the following: sleep duration (restrict or

extend), timing, efficiency or quality, or promotion of

sleep hygiene practices. Because the objective of a scoping

review is to provide an overview of the existing literature

relating to a research question, assessments of the

methodological quality of included studies are not rou-

tinely carried out (26). Data are summarised using the

information presented within studies.

Results

Search results

The search strategy identified 20 424 articles for screening

(Figure 1) and nine additional articles were identified

through a manual search/searching of references lists of

included studies. Following title and abstract screening,

194 studies were identified for full-text review, from

which 65 studies were excluded because they did not

meet the inclusion/exclusion criteria. In total, 129 studies

were included in the current review, with the majority

being dietary interventions reporting on sleep outcomes

(n = 109) and studies for sleep interventions reporting on

dietary intake (n = 20).

Dietary interventions reporting on sleep outcomes

Study designs

For dietary interventions (n = 109), the majority of stud-

ies were of a cross-over design (n = 76; 69.72%) where

the same population group were exposed to the different

intervention conditions. Other study designs included

RCTs or controlled trials (n = 26; 24%) where different

population groups were allocated to different interven-

tions and compared or pre-post studies (n = 7; 6.42%)

where groups were exposed to one condition only.

Settings and geographical locations

The majority of studies recruited participants from a

community/free-living setting (n = 106; 97.25%), with a

small number of studies recruiting participants from clin-

ics (n = 3; 2.75%). Most studies were carried out in the

free-living environment (n = 80; 73%), whereas a smaller

proportion were carried out in laboratory settings

(n = 29; 27%) (Figure 2a,b). All dietary interventions

were delivered face to face with the majority (n = 100)

delivered at an individual level, group-based (n = 4) and

n = 5 classified as mixed (individual and mixed). The

average number of diet study participants was 30 (range

6–390 participants). Most studies were performed in the

USA (n = 39; 35.78%), followed by the UK (n = 20;

18.35%), Australia (n = 8; 7.34%), Japan (n = 6; 5.5%)

and Canada (n = 5; 4.59%) (Figure 2a,b).

Participant characteristics

The mean (SD) age range of participants derived from

reported values in studies was 19.5 (5.7) 1.8–72.1 years.

The age range of participants derived from reported val-

ues was 18–85 years; however, the age of participants was

not reported in 26 studies. The majority of dietary studies

included a mix of participants from both sexes (n = 63;

57.8%) (Figure 2c). In forty-one (37.61%) studies, partic-

ipants were exclusively male and, in four (3.67%) studies,

participants were exclusively female. In one study the sex

of participants was not reported (27). In total, 73 studies

reported the body mass index (BMI) of participants and

this ranged from 17.6 to 42 kg m�2 with the mean BMI

of study participants being above healthy weight (BMI

>25) in eight studies only.
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Types of dietary interventions

Of the 109 dietary interventions, the majority involved

the provision of a supplement to participants (n = 66;

60.55%). Of the supplement studies, caffeine was the

most frequently investigated in n = 49 studies, with tryp-

tophan investigated in n = 5 studies. Other dietary inter-

ventions in descending order were the altering of overall

diet (n = 16; 14.7%) with n = 13 of those studies modify-

ing/manipulating the macronutrient profiles of diet such

as fat, protein or carbohydrate. Fasting or energy restric-

tion was reported in n = 9 studies with altering of nutri-

ent/s (n = 7; 6.4%) with tryptophan depletion being most

common (n = 3 studies). An additional 11 (10.1%) inter-

ventions were considered ‘Other’ because the intervention

did not fit uniquely into one of the other aforementioned

categories and often used a combination of the previously

mentioned categories. As shown in Figure 2 dietary inter-

ventions investigating supplements and altered overall

diet have shown to be of consistent interest over time

however in contrast studies investigating energy restric-

tion/fasting have only shown to be of more research

interest since the year 2000 and similar studies investigat-

ing single nutrients have also shown to have increased in

popularity in recent years.

Types of sleep outcomes measured

Of the sleep outcomes assessed, the majority of studies

reported at least two sleep outcomes (n = 91 studies)

with 39 studies reporting three outcomes. The most com-

monly reported outcome was sleep efficiency (n = 80

studies) followed by sleep duration (n = 66), with sleep

hygiene reported in 52 and sleepiness reported in 36

studies.

Sleep interventions reporting dietary outcomes

Study designs

For sleep interventions, the majority of studies were of a

cross-over design (n = 13; 65%) where the same individ-

uals were exposed to a variety of variations of the inter-

vention with nine specifically describing the allocation to

the intervention being randomised. Four (20%) studies

were RCTs where different populations were allocated to

different interventions and three (15%) studies were pre-

post studies with exposure to one type of intervention

only.

Settings and geographical locations

For sleep interventions, the majority of participants were

recruited from a free-living setting (n = 13; 65%). Other

recruitment settings included clinical laboratories (n = 4;

20%), a community/free-living setting (n = 2; 10%), and

a clinic setting (n = 1; 5%). More than half of the sleepT
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interventions took place in a laboratory setting (n = 12;

60%) with only four (20%) carried out in a free-living

setting and four (20%) interventions carried out in a

mixed laboratory/free-living setting. Of the studies were

carried out in the USA (n = 13; 65%), followed by Ger-

many (n = 3; 15%) with the remaining studies performed

in France (n = 1; 5%), UK (n = 1; 5%), Canada (n = 1;

5%) and Japan (n = 1; 5%).

Participant characteristics

The average number of total participants across sleep

studies was 35 (range 10–225). The age range of

Figure 1 Flow diagram of article identification and

inclusion in the scoping review.

Figure 2 (a) Diet and sleep interventions by country. (b) Diet and sleep interventions by setting. (c) Diet and sleep interventions by sex.
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participants derived from reported values was 18–
55 years. In most sleep studies, participants were mixed

sexes (n = 12, 60%). In four (20%) studies, participants

were exclusively male and, in four (20%) studies, partici-

pants were exclusively female. All but two studies

reported on the BMI of participants, with the BMI range

of participants derived from reported values being 19–
40 kg m�2. Of the reported mean values of BMI for

study participants, n = 3 studies were reported above the

healthy weight range (BMI >25).

Types of sleep interventions

All of the 20 sleep interventions imposed a sleep restric-

tion on study participants by reducing total sleep dura-

tion to under 5.5 h per night. Sleep was partially

restricted (n = 17; 85%) or total sleep deprivation (n = 3;

15%) was used as the intervention. Differing sleep tim-

ings were assessed in addition to restricted sleep duration

(n = 1 study). No other aspects of sleep health were

modified in any of the interventions (e.g. quality) and no

interventions assessed the effect of extending sleep dura-

tion or promoting sleep hygiene practices.

Types of dietary outcomes measured

The most commonly reported dietary outcomes reported

were energy intake (n = 20; 100%) and macronutrient

intake (carbohydrate, fat, protein) (n = 16; 80%). Other

nutrient intake, saturated fat, sugar, fibre (n = 2 studies)

and sodium (n = 1 study) was also reported, as was

intake of types of foods (n = 1 study). None of the stud-

ies reported overall diet quality or dietary patterns.

Intervention delivery methods

Sleep interventions were predominantly delivered individ-

ually (n = 15; 75%) with four (20%) interventions deliv-

ered in a group format, with all interventions delivered

face-to-face (n = 20; 100%).

Discussion

This scoping review set out to determine the extent and

nature of the evidence with respect to both sides of the

relationship between dietary intakes and sleep health out-

comes. By undertaking a scoping review in this area of

research, it was found that the majority of published

research has investigated the effect of dietary interven-

tions on sleep outcomes (n = 109), with far fewer studies

(n = 20) investigating sleep interventions on dietary out-

comes.

Not surprisingly, most dietary studies investigated the

effect of caffeine on sleep. This likely reflects the well-

documented sleep inhibiting effects that caffeine can have

on sleep. Reviews investigating the effects of caffeine show

its consumption increases sleep latency, reduces total

sleep time, efficiency and worsened reports of sleep qual-

ity (28). Caffeine can have these effects by working on the

adenosine receptors (29), increasing the time taken to get

to sleep, with the effects known to be most pronounced

in the 30 min after consumption, which is why recom-

mendations often include not having directly before bed;

however, the effect is variable between individuals (30).

Caffeine consumption can take many forms, including

most commonly from coffee, tea and cola-based drinks,

but is increasingly now available from energy drinks and

energy shots, especially as consumed by young adults (31).

In such drinks, caffeine is consumed in higher quantities

and is often consumed in addition to alcohol, and is also

often mixed with other additives that may also have a

compounding effects on sleep because both alcohol and

caffeine have negative effects (31).

Surprisingly few interventions (n = 3) reported on

alcohol intake in the review or focused on this aspect of

diet in the intervention. Alcohol intake has been associ-

ated a variety of indicators of sleep health, including sleep

quality, sleep latency and sleep disturbance but less often

daytime sleepiness (16). This effect has been shown to be

more pronounced in females compared to males; how-

ever, few studies have explored this (16,32,33). The influ-

ence of alcohol on sleep has been shown to be dose

dependent (32,33). Alcohol may have these effects because

it is a known depressant, and its consumption can reduce

sleep latency, potentially by short-term changes in adeno-

sine, and disrupt sleep in the later part of the night.

Moderate and higher consumption reduces the propor-

tion of REM sleep can also disrupt the sleep cycle (34).

REM sleep is the type of sleep known to be restorative
(35). Interestingly, alcohol intake close to bedtime is

known to reduce sleep latency times, although adversely

influence sleep by reducing the depth of sleep (36). Fewer

studies (n = 5) were identified that investigated sleep-

promoting nutrients such as tryptophan. Tryptophan is

often found in higher quantities in core foods such as

eggs, legumes, potatoes, bananas and salmon. This means

studies aiming to investigate a whole of dietary approach

will likely increase dietary consumption of tryptophan;

however, a whole dietary approach was only investigated

in 16 studies.

The field of dietary intake and approaches has evolved

over time from a nutrient approach to overall dietary

quality/foods and, progressively, to eating behaviours (37)

although there were few studies (n = 16) examining how

overall diet influences sleep or sleep influences overall

dietary quality is an area for future research. The current

review has focused on dietary intake and not eating beha-

viours; however, eating behaviours are increasingly recog-

nised as being important, including regular meal times,
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snacking night time eating and addictive eating beha-

viours. Eating behaviours warrant future investigation

because they have been previously shown to be associated

with poorer quality sleep (38). Addictive eating behaviours

present overlap with night-time eating and poorer sleep

quality (38).

Given the current review is a scoping review, details on

the outcomes of each study were not extracted and so it

is not possible to examine the influence of diet beha-

viours on sleep or ways in which diet may be modified to

influence sleep. A future systematic review detailing these

outcomes is warranted because, given the increased recog-

nition of this field of research, dietary recommendations

would be beneficial.

Most dietary interventions used a face-to-face approach

and focused on delivery at an individual level. Given the

scope of reported sleep issues internationally with large

proportions of adults and increasingly reported in chil-

dren with parents acting as proxy reporters (39), if future

studies demonstrate the efficacy of diet modifications to

improve sleep, some consideration may be required for a

scaled up delivery of dietary interventions to improve

sleep outcomes both for community-based and clinical

settings. Telehealth and the use of technology, either in

the delivery or the assessment and provision of dietary

feedback using wearables or image-based methods, could

be of high use in population groups with sleep issues

because it has shown promise with respect to improving

dietary outcomes (40).

The only manipulated component of sleep health in

the included studies was sleep duration. Sleep is multi-

component in nature and overall sleep health includes

sleep duration, efficiency/quality, timing and daytime

function (25). This limits the implications of current find-

ings because it is currently unexplored regarding which

dimension of sleep has the most impact and whether

these dimensions are additive or not in their effect on

dietary outcomes. It is possible to reduce the efficiency of

sleep (e.g. creating disruptions) and alter the timing of

sleep under experimental conditions to examine how

modifying these components of sleep health may influ-

ence diet. Given that the components of sleep health are

inter-related and also that many adults report poor sleep,

examining the broader influence of sleep health on diet

will improve understanding of this. No studies examined

the influence of improved sleep health on diet, which is

an important area to address given the focus on improv-

ing sleep at the population. It is possible to manipulate

the other dimensions of sleep health and they can be

assessed using existing self-report instruments (41),

accelerometry (42), or using overall measures of sleep

health (43,44). The other dimensions of sleep may not have

been explored for a variety of reasons, including that the

publications in this review range in publication date from

1975 onwards and, during this time, other components of

sleep were not yet ascertained, in addition to some set-

tings not being feasible to measure (i.e. laboratory versus

community setting). Many adults report indicators of

poor sleep in addition to sleep duration (i.e. poor sleep

quality/efficiency) and there is evidence from cross-sec-

tional research that these components of sleep health are

predictors of higher BMI, cardiometabolic disorders (3,45–

47). Associations have been found between lower sleep

efficiency and higher energy intake, as well as late sleep

timing and higher energy intake, which may explain how

higher BMI is linked to poor sleep health. It is therefore

important that indicators of sleep health in addition to

sleep duration are examined in intervention studies to

clarify the causal links between sleep health and dietary

intake and adverse health conditions.

The majority of sleep studies were carried out in labora-

tory-based environments. This is not surprising given that

a controlled environment is often required because

reduced sleep in individuals can effect fatigue and impact

on the safety of regular activities such as driving perfor-

mance. The advantages of laboratory-based settings

include the controlled environment and the fact that com-

pliance can be more easily measured objectively compared

to free-living where this would be often based on self-re-

port measures. Other advantages include the laboratory

setting allowing greater control with respect to manipulat-

ing participant sleep and monitoring of any adverse

events. The disadvantages of laboratory-based settings in

the context of sleep and diet include that different sleeping

arrangements likely exist, the different foods and beverages

available are not likely to reflect habitual intake, which can

limit the generalisability of study findings, and there is a

need to better understand how sleep and diet interact to

influence each other in more ecologically valid settings.

Qualitative research not captured in this review may also

be valuable to better understand the impact of dietary and

sleep behaviours. A previous qualitative analysis of young

adults (n = 57) found that individuals were willing to

change sleep behaviour to improve waking function,

advance sleep onset and optimised sleep periods (48).

Importantly, in this previous study, barriers were also

identified for this population group, which included time

demands, technology use, difficulty switching off, and

unpredictable habits (48). These would be key considera-

tions to getting individuals involved and motivated for

interventions to improve sleep.

The identified gaps in research include more studies

assessing sleep interventions and assessing and reporting

on dietary outcomes, given that there were disproportion-

ately less studies. Using study designs in community pop-

ulations that make use of longer-term follow-up
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(>3 months) would be useful to assess the impact of

longer-term sleep issues on diet. Although, for dietary

interventions, there is a gap with respect to exploring a

broader dietary approach, such as diet quality rather than

supplemental studies, in addition to using study designs

such as RCTs that allow for direct comparisons between

dietary approaches. Other components of sleep health

such as quality, timing and hygiene are important to con-

sider in research and clinical environments to assist in the

development of a new understanding in this area of

research.

The limitations to the review include that the review

was limited to studies that were published in the English

language. The review was limited to search several online

databases only; however, these were considered to com-

prise and index the majority journals that would be likely

to publish health-related research. This scoping review

has several strengths, namely a comprehensive search

strategy being implemented across multiple databases.

Also, a detailed data extraction process relative to other

published scoping reviews provided comprehensive infor-

mation about the included studies. Although the included

studies were limited to English language papers only, it

has been found that English language publications in

public health are over-represented, with 96.5% of 210 433

public health publications in Europe being reported in

English (49). Thus, it is likely that only a small minority

of studies would have been missed.

In conclusion, the relationship between sleep and diet

has been investigated in adults; however, this has not

been comprehensive and remains disproportionate, with

far more studies investigating dietary interventions on

sleep outcomes. Considering the health implications asso-

ciated with both sleep and diet, more research is war-

ranted in this area.
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The present study investigated the association

between chronotype, food craving and weight

gain in pregnant women. The evening

chronotype was associated with the food craving

trait. Pregnant women who tend to eveningness

are more likely to gain weight in the early

gestational period.

Abstract

Background: This cross-sectional study investigated the association between

chronotype, food craving and weight gain in pregnant women.

Methods: In total, 245 pregnant women attending the public health service

in Brazil were included. Chronotype was derived from the time of mid-sleep

time on free days, with a further correction for calculated sleep debt, and

higher scores on this variable indicate a tendency to eveningness. A Food

Craving Questionnaire Trait and State assessment was performed, and

weight gain was calculated. Generalised linear models were used to deter-

mine the association between the variables under analysis.

Results: Evening types presented higher anticipation of relief from negative

states and feelings as a result of eating as a usual behaviour compared to

morning (P = 0.013) and non-evening types (P = 0.028); less intense desire

to eat as a sporadic behaviour compared to morning (P = 0.012) and non-

evening types (P = 0.009); and less anticipation of positive reinforcement

that may result from eating as a sporadic behaviour than non-evening types

(P = 0.022). We also found a significant association between chronotype

score and anticipation of relief from negative states and feelings as a result

of eating (P = 0.004); anticipation of positive reinforcement that may result

from eating (P = 0.013) as a usual behaviour; weight gain during the early

gestational period (P = 0.024); and intense desire to eat (P = 0.045) as a

sporadic behaviour.

Conclusions: We conclude that evening chronotype was associated with the

food craving trait. Pregnant women who tend to eveningness are more likely

to gain weight in the early gestational period.

Introduction

Excessive weight gain during pregnancy is associated with

adverse conditions, such as hypertension and pre-eclamp-

sia (1), gestational diabetes (2) and a higher frequency of

emergency caesarean delivery (3). It is already known that

these conditions could be a result of previously having

been overweight or obese or an excessive gestational

weight gain during pregnancy, or a combination of both
(4,5). From this perspective, a multidisciplinary approach

to pregnancy should focus on controlling the different

risk factors for excessive weight gain, such as an

inappropriate eating behaviour, which is very common in

pregnant women (6–8).

Food craving is one of several factors influencing the

feeding behaviour during pregnancy (9). This multidimen-

sional experience is defined as an intense desire to eat a

specific food that is difficult to resist (10), which may vary

in different levels of intensity and frequency (11), and

which is strongly intensified during the gestational period
(12–15). The aetiology of food craving is not clear,

although the decrease in sensitivity of taste during the

gestational period may influence the food choices, priori-

tising more palatable food (16). Moreover, aspects related
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to the individual preference to perform activities at cer-

tain times of the day (17), or chronotype, have been stud-

ied as an important influence on food craving (18).

However, studies in this area are scarce and are con-

ducted with restricted groups. For example, in pregnant

women who are very prone to problems associated with

food consumption (19,20), this subject remains unexplored.

Therefore, the present study aimed to investigate the

association between chronotype and weight gain in the

early gestational period, which reflects the maternal body

fat (21) and may induce adverse conditions to mother and

child (22), and food craving. We hypothesised that evening

types, such as those who have a preference to perform

their activities at later times of the day, may present a

higher weight gain in the early gestational period and a

higher food craving than morning and non-evening types.

Materials and methods

Participants and ethics

The study comprised a cross-sectional study conducted

with 245 pregnant women attending the prenatal clinics

in the public health service in the city of Uberlandia,

Minas Gerais, Brazil. In total, 271 pregnant women were

invited to participate when they were waiting for prena-

tal consultation in the waiting room. Before the invita-

tion, a brief explanation of the research and procedures

was given. Pregnant women were recruited according to

the following eligibility criteria: older than 18 years and

not being shift worker or using illegal substances. Preg-

nant who tested positive for human immunodeficiency

virus or with a disease such as toxoplasmosis, syphilis,

varicella, rubella and cytomegalovirus were excluded

from the study. Twenty-six participants were excluded

because they did not provide all of the necessary infor-

mation (n = 24) or because they presented twin preg-

nancy (n = 2). The pregnant women with metabolic

diseases such as diabetes (n = 6), hypothyroidism

(n = 21) and hyperthyroidism (n = 1) were not exclude

from the study. Accordingly, the final sample was 245

pregnant women in the three gestational trimesters (Fig-

ure 1). Assessments were conducted between October

2016 and September 2017.

The sample size required was determined using

G*POWER, version 3.1.9.2 (http://www.gpower.hhu.de). The

calculation of the sample size was based on a F test linear

multiple regression with an effect size of 0.15, an alpha

level of 0.05 and a test power of 95%. Given these specifi-

cations, a total of 119 women was needed for the final

analysis. Considering a 20% adjustment for possible

losses, a minimum of 143 women was required.

All of the methods were carried out in accordance with

relevant guidelines and regulations. This study was

approved by the Ethics Committee of the Federal Univer-

sity of Uberlandia (CAAE: 43473015.4.0000.5152/2015).

Evaluations

Preliminary questionnaire

An initial questionnaire was applied by the researchers to

evaluate age, occupation, level of education, previous

pregnancy and gestational age. Women who were 0–
13 weeks pregnant were grouped in the first trimester,

those who were 14–26 weeks pregnant were grouped in

the second trimester and women who were 27–40/
41 weeks pregnant were grouped in the third trimester
(23). We considered the early gestational period as the

first 50% of the total gestational period and those

women with gestational age ≤20 weeks were considered

as pregnant in the early gestational period. Data regard-

ing vomiting, nausea, heartburn, food desire, physical

activity and sleep pattern were also self-reported in this

evaluation.

Anthropometric variables

Height and current weight were measured and the body

mass index (BMI) was calculated. The pre-pregnancy

weight was obtained from the pregnant woman’s medical

record and the pre-pregnancy BMI (kg m–2) was calcu-

lated and classified according to the BMI classification by

the World Health Organization (24). The current BMI was

classified according to gestational week suggested by Ata-

lah et al. (25). Weight gain in the early gestational period

was calculated as the difference between current weight,

measured between 12 and 20 weeks of gestation and pre-

pregnancy weight, and we excluded all of the pregnant

women up to 12 weeks of gestation because our sample

showed many negative values in this period, which could

compromise the analyses. The weight gain analyses were

adjusted for nausea, vomiting, gestational week and pre-

gestational BMI.

Patients invited to 
participate  
(n = 271) 

Exclusions  
(n = 29) 

Drawn, recruited and 
included in the study  

(n = 245) 

Did not answer all the 
questions necessary for 
data analysis (n = 24) 

Twin pregnancy (n = 2) 

included in the weight 
gain analyses  

(n = 50) 

Figure 1 Study flowchart.
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Sleep patterns

Pregnant women were asked to report their usual bed-

times and waking times on weekdays and weekends, as

described previously by Gontijo et al. (26). Chronotype

was assessed via mid-sleep time (MSFsc) on free days

with correction for calculated sleep debt, which was

assessed as the difference between average sleep duration

on the weekends and the average sleep on weekdays (27).

Those women with MSFsc chronotype ≤03.59 h were

classified as morning type, pregnant women with MSFsc

chronotype between 04.00 h and 04.59 h were classified

as intermediate type, and women with MSFsc chrono-

type ≥05.00 h were classified as evening type (28). Morn-

ing and intermediate types were grouped in non-evening

types to establish a new category for the statistical analy-

ses (29).

To assess the sleep duration, the average of self-re-

ported sleep duration, which considers weekdays and

weekends, was computed using: [(Reported current week-

day sleep duration 9 5) + (Reported current weekend

sleep duration 9 2)]/7 (30). An average sleep time ≥7 h

was rated as adequate (31).

Sleep quality was assessed via a self-reported sleep qual-

ity scale, which ranges from 0 to 10, with 0 being very

poor and 10 being very good.

Food craving

Food craving was assessed via the Food Craving Ques-

tionnaire Trait (FCQ-T) and by the Food Craving Ques-

tionnaire State (FCQ-S) validated for the Brazilian

population (32). The FCQ-T consists of 39 statements

grouped according to categories that cause food craving

and was developed to access aspects of the intense desire

for food over time and in various situations, considering

them as a usual (trait) behaviour of the respondent. Items

are scored on a six-point scale from never/not applicable

(1) to always (6). Thus, sum scores can range between 39

and 243, with higher scores indicating more frequent and

intense food cravings. The FCQ-T is grouped into the

subscales: (i) intentions and plans to consume food; (ii)

anticipation of positive reinforcement that may result

from eating; (iii) anticipation of relief from negative

states and feeling as a result of eating; (iv) lack of control

over eating; (v) thoughts and preoccupations with food;

(vi) craving as a physiological state; (vii) emotions that

may be experienced before or during food craving or eat-

ing; (viii) cues that may trigger food craving; and (ix)

guilt from craving and/or for given into them (33).

The FCQ-S is composed of 15 statements and is an

instrument sensitive to changes in contextual, psychologi-

cal and physiological states in response to specific situa-

tions (e.g., stressful events or food deprivation),

considering the intense desire for food as a sporadic

behaviour of the respondent. Higher scores in this ques-

tionnaire are associated with increased food deprivation,

negative experiences related to eating and increased sus-

ceptibility to triggers that lead to eating. The FCQ-S con-

tains 15 items to form five subscales: (i) an intense desire

to eat; (ii) anticipation of positive reinforcement that

may result from eating; (iii) anticipation of relief from

negative states and feelings as a result of eating; (iv) lack

of control over eating; and (v) craving as a physiological

state (33).

Statistical analysis

First, the Shapiro–Wilk normality test was performed.

Descriptive statistics were used to summarise participant

sociodemographics, lifestyle, anthropometrics, chronobiol-

ogy data and sleep patterns. Kruskal–Wallis and chi-

squared tests were performed to analyse the differences

between the groups in scale and categoric data, respec-

tively. Bonferroni post-hoc tests were used to assess which

group differed significantly from the others.

Generalised linear models (GLM) were used to deter-

mine the association of chronotype (independent vari-

able) with food craving and weight gain in the early

gestational period (dependent variables). Individual tests

were conducted for each food craving subscale for both

trait and state questionnaire and for weight gain, using

gamma or linear distributions. The best model was cho-

sen based on the smaller Akaike information criterion

resulting from the analysis. All of the statistical tests were

adjusted for the confounder variables that are described

where appropriate.

Statistical analyses were performed using SPSS, 20.0

(IBM Corp., Armonk, NY, USA). P < 0.05 was consid-

ered statistically significant.

Results

Descriptive data of pregnant women according to the

chronotype are presented in Table 1. On average, evening

types were younger (24 years) than morning (27 years)

and intermediate (26 years) types and went to sleep and

woke up later than morning and intermediate types both

on weekdays and weekends (P < 0.05). Morning types

had, at least, one previous pregnancy more than evening

and intermediate types (P = 0.025) (Table 1).

GLM analysis with food craving subscales and chrono-

type, adjusted for confounding variables, are shown in

Tables 2 and 3. Evening types had higher anticipation of

relief from negative states and feelings as a result of eat-

ing as a usual behaviour compared to morning types

(P = 0.013) and non-evening types (P = 0.028) (Table 2).
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In addition, evening types had less intense desire to eat as

a sporadic behaviour compared to morning types

(P = 0.012) and non-evening types (P = 0.009) (Table 3).

Evening types had less anticipation of positive reinforce-

ment that may result from eating as a sporadic behaviour

than non-evening types (P = 0.022) (Table 3).

Table 1 Descriptive data of pregnant women according to the chronotype (n = 245)

All Evening types

Median (interquartile

range) or Prevalence

(n = 58)

Morning types

Median (interquartile

range) or Prevalence

(n = 121)

Intermediate types

Median (interquartile

range) or Prevalence

(n = 57) P*

Median (interquartile

range) or Prevalence

(n = 245)

Age (years) 27 (19–35) 24 (16–32)a 27 (19–35)b 26 (18–34)b 0.040

Education level

Primary incomplete/complete 10.1 (25) 10.4 (6) 11.6 (14) 8.8 (5) 0.197

Secondary incomplete/

complete

50.9 (125) 62.0 (36) 49.6 (60) 50.9 (29)

Higher Incomplete/complete 31.7 (78) 24.2 (14) 33.9 (41) 40.3 (23)

Previous pregnancy 58.2 (139) 50.9 (29)a 67.5 (79)b 49.1 (28)c 0.025

Gestational age (week) 25 (4–40) 28 (4–40) 25 (5–40) 25 (6–40) 0.799

Gestational trimester

First trimester 24 (58) 22.8 (13) 23.3 (28) 26.8 (15) 0.804

Second trimester 28.5 (69) 24.6 (14) 28.3 (34) 32.1 (18)

Third trimester 47.5 (115) 52.6 (30) 48.3 (58) 41.1 (23)

Early gestational period 20.4 (50) 22.0 (11) 48.0 (24) 30.0 (15) 0.070

Vomiting 39.7 (95) 47.4 (27) 39.3 (46) 28.1 (16) 0.103

Nausea 50.6 (121) 52.6 (30) 49.1 (57) 45.6 (26) 0.755

Heartburn 62.9 (154) 70.7 (41) 62.8 (76) 54.4 (31) 0.195

Food desire 33.7 (82) 43.1 (25) 31.7 (38) 30.4 (17) 0.252

Physical activity–yes 16.9 (40) 15.5 (9) 20.3 (24) 11.1 (6) 0.308

Anthropometric data

BMI pre-pregnancy (kg m–2) 24.6 (19.2–30.4) 24.7 (18.9–30.5) 24.4 (18.6–30.2) 23.8 (18–29.6) 0.104

Underweight 5.6 (13) 8.8 (5) 1.8 (5) 10.9 (6) 0.222

Normal 47.4 (110) 42.1 (24) 51.8 (58) 45.5 (25)

Overweight 28.9 (67) 26.3 (15) 28.6 (32) 30.9 (17)

Obese 18.1 (42) 22.8 (13) 17.9 (20) 12.7 (7)

Current BMI (kg m–2) 27.3 (20.4–34.2) 28.6 (21.7–35.5) 28.8 (21.9–35.7) 26.3 (19.4–33.2) 0.100

Underweight 8.1 (20) 10.3 (6) 4.1 (5) 15.8 (9) 0.360

Normal 36.7 (90) 34.5 (20) 38.0 (46) 42.1 (24)

Overweight 25.7 (63) 25.9 (15) 26.4 (32) 28.1 (16)

Obese 20.8 (51) 25.9 (15) 23.1 (28) 14.0 (8)

Weight gain in early gestational

period

3.5 (0–6.2) 4 (1.5–7.5) 3 (1–5.0) 4 (0–8) 0.098

Sleep patterns

Week sleep time (h) 23.00 (21.00–01.00) 24.15 (22.15–02.15)a 23.00 (21.00–01.00)b 24.00 (22.00–02.00)c <0.001

Week awake time (h) 07.00 (05.00–09.00) 09.30 (07.30–11.30)a 06.00 (04.00–08.00)b 08.00 (06.00–10.00)c <0.001

Weekend sleep time (h) 24.00 (22.00–02.00) 02.00 (24.00–04.00)a 23.00 (21.00–01.00)b 24.00 (22.00–02.00)c <0.001

Weekend awake time (h) 09.00 (07.00–11.00) 10.00 (08.00–12.00)a 08.00 (06.00–10.00)b 09.00 (08.00–11.00)c <0.001

Mean sleep duration (h) 08.00 (06.00–10.00) 09.00 (07.00–11.00) 09.00 (06.00–11.00) 08.00 (06.00–10.00) 0.581

Sleep duration >7 h 85.7 (203) 79.3 (46) 87.6 (106) 87.7 (50) 0.294

Sleep quality

Poor <4 9.7 (23) 17.5 (10) 5 (6) 12.5 (7) 0.091

Medium 4–6 40.3 (96) 36.8 (21) 45 (54) 35.7 (20)

Good >6 50.0 (119) 45.6 (26) 50 (60) 51.8 (29)

Bold values indicate an statistical significance (P < 0.05). Values are presented as the median (interquartile range) for data not distributed normally

or as a percentage (n) for frequency data.

*Kruskal–Wallis tests were used for linear variables with not normal distribution. Variables with significant values in the Kruskal–Wallis test were

tested by post-hoc test via Bonferroni’s method. For frequency variables (previous pregnancy, gestational trimester, vomiting, nausea, heartburn,

food desire, physical activity, body mass index (BMI) categories, sleep time >7 h and sleep quality), Pearson’s chi-squared test was used.

The superscript letters indicate the difference between the groups: ’a’ is different of ’b’ and ’c’; ’b’ is different of ’c’.
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We found a positive association between chronotype

score and anticipation of relief from negative states and

feelings as a result of eating (P = 0.004) and anticipa-

tion of positive reinforcement that may result from eat-

ing (P = 0.013) as a usual behaviour. A negative

association between chronotype score and intense desire

to eat (P = 0.045) as a sporadic behaviour (Figure 2)

was found. We did not find significant association

between chronotype score and other food craving sub-

scales.

A positive association between chronotype score and

weight gain in pregnant woman during the early gesta-

tional period (P = 0.024) was also found and is shown in

Figure 2.

Discussion

The present study investigated the association between

chronotype and food craving in pregnant women as a

momentary state and as a frequent behaviour, as well as

Table 2 Subscales of Food Craving Questionnaire trait according to chronotype (n = 245)

Dependent Variable

Evening versus morning types* Evening versus non-evening types*

Evening types,

mean (SD)

Morning types,

mean (SD) b

P value

(95% CI)

Non-evening types,

mean (SD)† b

P value

(95% CI)

FCQ-T Total 88.41 (30.0) 84.32 (28.0) 0.06 0.550

�0.165–0.048

85.03 (28.9) 0.05 0.333

�0.051–0.150

Subscale 1 FCQ-T

Intentions and plans to

consume food

7.14 (3.4) 6.64 (3.0) 0.078 0.282

�0.064–0.220

6.94 (3.0) 0.032 0.648

�0.104–0.167

Subscale 2 FCQ-T

Anticipation of positive

reinforcement that may

result from eating

14.4 (5.6) 12.98 (5.2) 0.132 0.041

0.005–0.259

13.29 (5.2) 0.101 0.102

�0.020–0.221

Subscale 3 FCQ-T

Anticipation of relief from

negative states and

feelings as a result of

eating

7.95 (3.4) 6.83 (3.1) 0.180 0.013

0.038–0.321

7.02 (3.2) 0.150 0.028

0.016–0.284

Subscale 4 FCQ-T

Lack of control

overeating

11.86 (5.5) 11.74 (5.1) 0.364 0.680

�1.363–�2.091

11.71 (5.2) 0.033 0.607

�0.094–0.161

Subscale 5 FCQ-T

Thoughts and

preoccupations with

food

12.02 (5.2) 11.69 (4.7) 0.035 0.595

�0.094–0.164

11.08 (5.2) 0.023 0.712

�0.099–�0.145

Subscale 6 FCQ-T

Craving as a physiologic

state

10.71 (3.7) 10.83 (3.9) �0.020 0.749

�0.142–0.102

10.82 (4.2) �0.013 0.819

�0.129–0.102

Subscale 7 FCQ-T

Emotions that may be

experienced before or

during food craving or

eating

8.41 (4.4) 7.77 (4.1) 0.085 0.281

�0.069–0.239

7.6 (4.1) 0.110 0.141

�0.036–0.256

Subscale 8 FCQ-T

Cues that may trigger

food craving

10.34 (4.0) 10.22 (4.1) 0.010 0.869

�0.113–0.134

10.3 (4.0) 0.002 0.968

�0.114–0.119

Subscale 9 FCQ-T

Guilt from craving and/or

for given into them

5.6 (2.9) 5.64 (2.9) 0.007 0.921

�0.139–0.154

5.55 (2.7) 0.026 0.713

�0.113–0.165

Bold values indicate an statistical significance (P < 0.05). Generalised linear model adjusted for age, gestational trimester, sleep quality, sleep time

and nausea.

FCQ-T, Food Craving Questionnaire Trait.

*Evening types was used as reference category.
†Morning and intermediate types.
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the association between chronotype and weight gain in

the early gestational period. Our results showed that eve-

ning types had higher food cravings as a frequent beha-

viour for some subscales compared to morning and non-

evening types, as well as less food cravings as a momen-

tary state for some subscales compared to both morning

and non-evening types. Our results also show that greater

chronotype score, which is indicative of eveningness, was

associated with food cravings as a usual behaviour and

weight gain during the early gestational period, whereas

lower chronotype score, indicative of morningness, was

associated with food cravings as a sporadic behaviour.

Taken together, the results of the present study partially

confirm our initial hypothesis that evening types may

present more food cravings as a repetitive/constant action

and have a higher weight gain in the early gestational per-

iod.

Our results showed that evening cronotype was associ-

ated with some food craving subscales that have been pre-

viously associated with other evening type attributes, such

Table 3 Subscales of Food Craving Questionnaire state according to chronotype (n = 245)

Dependent variable

Evening versus morning types* Evening versus non-evening types*

Evening types,

mean (SD)

Morning types,

mean (SD) b

P value

(95% CI)

Non-evening types,

mean (SD)† b

P value

(95% CI)

FCQ-S Total 33.57 (11.6) 35.97 (10.6) �0.059 0.308

�0.038–0.175

36.1 (11.0) �0.076 0.139

�0177–0.025

Subscale 1 FCQ-S

Intense desire to eat

5.86 (2.5) 6.91 (2.9) �0.188 0.012

�0.335–�0.042

6.88 (3.0) �0.184 0.009

�0.323–�0.045

Subscale 2 FCQ-S

Anticipation of positive

reinforcement that may

result from eating

6.41 (2.5) 7.22 (2.9) �0.129 0.066

�0.266–�0.008

7.35 (3.0) �0.152 0.022

�0.282–�0.022

Subscale 3 FCQ-S

Anticipation of relief from

negative states and feelings

as a result of eating

6.48 (2.4) 6.91 (2.5) �0.307 0.486

�1.170–�0.556

6.96 (2.6) �0.053 0.401

�0.175–0.070

Subscale 4 FCQ-S

Lack of control over eating

5.55 (1.9) 6.06 (2.4) �0.091 0.168

�0.221–�0.038

6.10 (2.4) �0.096 0.123

�0.219–0.026

Subscale 5 FCQ-S

Craving as a physiologic state

8.45 (2.7) 8.87 (2.9) �0.046 0.436

�0.161–�0.069

8.9 (2.9) �0.051 0.364

�0.160–0.059

Bold values indicate an statistical significance (P < 0.05). Generalised linear model adjusted for age, gestational trimester, sleep quality, sleep time,

nausea and time since the last meal.

FCQ-S, Food Craving Questionnaire State.

*Evening types was used as reference category.
†Morning and intermediate types.

Anticipation of 
relief from 
negative states 
and feelings as a 
result of eating 
(FCQ-T)

Anticipation of 
positive 
reinforcement that 
may result from 
eating (FCQ-T)

Intense desire to 
eat (FCQ-S)

Weight gain in the 
early gestational 
period  

β = –0.040
 P = 0.045 β = 0.923  

P = 0.024 

Chronotype Score 

β = 0.053  
P = 0.004 

β = 0.041 
P = 0.013 

Figure 2 Associations between chronotype and food craving subscales and weight gain. Solid line indicates a positive association. The dotted line

indicates a negative association. A generalised linear model was performed. Food craving subscales (n = 245) analysis were adjusted for age,

gestational trimester, sleep quality, sleep time and nausea. Weight gain analysis in the early gestational period (n = 50; between 12 and

20 weeks of gestation) was adjusted for nausea, vomiting, gestational week and pre-gestational body mass index. FCQ-T, Food Craving

Questionnaire Trait; FCQ-S, Food Craving Questionnaire State.
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as eating at later times of the day (34,35). The habit of eat-

ing later at night is associated with eating disorders,

stronger emotional eating tendencies and more frequent

food cravings (34). In addition, researchers have already

shown that food cravings are closely related to emotional

aspects, including emotional eating (36), which is similar

for eveningness. Vera et al. (37) found a relationship

between eveningness and emotional eating (P = 0.046) in

a study involving 2126 volunteers, suggesting greater

emotional influence on evening types feeding behaviour

[mean (SD) = 12.4 (0.19)] than morning types

[11.85 (0.19)]. Moreover, previous studies had shown

that evening types are more prone to psychological prob-

lems, including eating disorders than morning types
(38,39). In this way, evening types are more susceptible to

eating in response to negative emotions and may try to

cope with the negative affects that they experience by eat-

ing (36).

A study conducted with 1323 university students found

a strong association between eveningness and impulsivity
(40), which is an important characteristic that significantly

contributes to food addiction (40). Furthermore, in a

study involving 616 participants investigating the relation-

ship between food addiction and food craving, Meule and

K€ubler (41) found a strong correlation between these two

variables. In their study, food addiction symptoms pre-

dicted food craving in all subscales of the Food Craving

Questionnaire Trait, which is an indicative of usual beha-

viour (41). These previous studies support and help to

explain our results indicating that evening types have

more food cravings, especially with respect to anticipation

of relief from negative states and feelings as a result of

eating, such as ‘Satisfying my food craving would make

me feel less grouchy and irritable’, as an usual behaviour

than morning and non-evening types (b = 0.180;

P = 0.013). In this sense, eveningness appears to have a

strong association with food craving as an usual beha-

viour, particularly related to emotional aspects.

In the present study, we also identified less food crav-

ings as a momentary state of an intense desire to eat,

such as ‘I have an urge for one or more specific foods’, in

evening types compared to non-evening (b = �0.184

P = 0.009) and morning types (b = �0.188 P = 0.012)

and to anticipation of positive reinforcement that may

result from eating (b = �0.152 P = 0.022), such as ‘Eat-

ing one or more specific foods would make things seem

just perfect’, in pregnant evening types compared to preg-

nant non-evening types. In other words, morning and

non-evening types have food cravings as changes in con-

textual, psychological and physiological states in response

to specific situations, such as stressful events or food

deprivation, considered as a sporadic behaviour. We

could explain this result with respect to previous research

that found morning types to be more stable and regular

in their lifestyle regarding event timing (42,43) and there-

fore they ‘suffer’ more with temporary and unexpected

changes that expose them to a momentary stressful situa-

tion. Moreover, morningness is negatively correlated with

risk-taking behaviour (i.e. it means impulsiveness, sensa-

tion seeking and novelty seeking) in aspects related to

health (44) and changes in routine of morning types may

be interpreted as a risk-taking behaviour and thus reflect

on the mechanism of food craving control.

The present study analysed the weight gain in the early

gestational period, between 12 and 20 weeks of gestation,

with 50 pregnant women and found a strong positive

association with chronotype score. The weight gain rec-

ommendation during the early gestational period ranges

from 4 to 7 kg according to pre-gestational BMI (21), and

weight gain higher than this recommendation can result

in numerous damage for both the mother and child (45),

especially when it occurs during the early gestational per-

iod. Gaillard et al. (22) showed that, regardless of maternal

pre-gestational weight and total pregnancy weight gain, a

high weight gain in the early gestational period was asso-

ciated with higher values for BMI, body fat, infant

abdominal fat and higher systolic blood pressure values

in childhood (P < 0.05). The results of the present study

suggest that eveningness can be one of the factors leading

to higher weight gain in pregnancy. In non-pregnant

women, a higher weight and BMI have been associated

with worse health indicators in evening people (46), such

as metabolic syndrome (47) and more risk of heart disease
(47), as well as worse feeding behaviour (48).

We emphasise that the significant associations between

chronotype and food craving in the present study were

related only to some subscales of the FCQ-S and FCQ-T.

Although subscales are highly inter-correlated (18,33), our

results may indicate a situational circumstance in which

food cravings occur (33). In addition, the only data from

the literature so far that have investigated the relationship

between food craving (by FCQ-T and FCQ-S) and

chronotype also only found associations in two isolated

food craving subscales: intense desire to eat (FCQ-S) and

guilt from food craving and/or for given into then (FCQ-

T) (18). Future studies are needed to confirm the results

found in the present study, whereas the relation between

chronotype and food craving is remains poorly explored.

There are some limitations to the present study. The

experimental design of this exploratory study was cross-

sectional, which limits its ability to establish causal rela-

tionships, although we performed analyses that removed

the effects of possible confounding factors. Also, some

evaluations were performed using questionnaires that are

subjective and dependent on the memory and motivation

of the pregnant women. Despite these limitations, we
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expect that the results of the present study can improve

the understanding of the association between eating beha-

viour and chronobiological variables during pregnancy.

However, the need for further studies on this subject is

evident. Randomised clinical trials should be conducted

to confirm the effect of the chronotype on pregnant

women’s food craving. In addition, cohort studies should

explore pregnancy outcomes in populations of different

chronotypes. Lastly, interventions that test the effects of

chronotherapeutic interventions according to chronotype

on pregnancy weight gain should be performed.

We conclude that evening chronotype was associated

with the food craving trait, which means a usual and con-

stant food craving experience for anticipation of relief

from negative states and feelings as a result of eating and

anticipation of positive reinforcement that may result

from eating. Also, pregnant women who tend to evening-

ness are more likely to gain weight in the early gestational

period.
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Abstract

Background: Functional recovery is an important outcome for those who

survive critical illness. The present study aimed to assess nutrition provision

and nutrition-related outcomes in a multi-trauma cohort following intensive

care unit (ICU) discharge.

Methods: The present study investigated a prospective cohort of patients

discharged from an ICU, who had been admitted because of major trauma

and required mechanical ventilation for at least 48 h. Nutrition-related out-

comes, including body weight, quadriceps muscle layer thickness (QMLT),

handgrip strength and subjective global assessment, were recorded on ICU

discharge, days 5–7 post-ICU discharge and then weekly until hospital dis-

charge. Nutrition intake was recorded for 5 days post-ICU discharge. Unless

otherwise stated, data are presented as the mean (SD).

Results: Twenty-eight patients [75% males, 55 (22.5) years] were included.

Intake met 64% (28%) of estimated energy and 72% (32%) of protein

requirements over the 5 days post-ICU discharge, which was similar to over

the ICU admission. From ICU admission to hospital discharge, the mean

reduction in weight was 4.2 kg (95% confidence interval = 2.2–6.3,
P < 0.001) and after ICU discharge, the mean reduction in weight and

QMLT was 2.6 kg (95% confidence interval = 1.0–4.2, P = 0.004) and

0.23 cm (95% confidence interval = 0.06–0.4, P = 0.01), respectively.

Conclusions: Patients received less energy and protein than estimated

requirements after ICU discharge. Weight loss and reduction in QMLT also

occurred during this period.

Introduction

Functional ability and health-related quality of life are

important outcomes for those who survive critical illness
(1–3). An intensive care unit (ICU) admission can lead to

rapid reductions in muscle mass and substantial muscle

weakness (1,4,5) and changes in body composition have

been associated with prolonged hospital admissions,

reductions in post-hospital discharge functional recovery

and diminished health-related quality of life (1,4–7).

Nutrition has been identified as a potential modifiable

factor that may aid in the preservation of skeletal muscle

during critical illness and help restore muscle lost in the

recovery phase (8–10). However, the amount, type and

phase of critical illness or recovery on which nutrition

support will have greatest impact all remain unknown (8–

10). Various nutritional interventions have been adminis-

tered within the ICU with the objective of attenuating

muscle loss and functional weakness, although the impact

has been inconsistent (7,11,12). This may be a result of the
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interventions chosen being of limited or no benefit, the

duration of period provided by the nutrition intervention

not being ideal for the substrate to be utilised, the period

of the ICU admission being too brief to obtain a benefit,

or the studies conducted to date not having been suffi-

ciently powered to detect a difference (8). It has been sug-

gested that nutritional interventions administered after

the acute phase of critical illness may have greater impact
(8,13–15). However, quantifying nutritional intake and

nutrition-related outcomes after ICU discharge is likely to

be more challenging because of a variety of factors,

including equipment and personnel availability, challenges

in accurately quantifying volitional ingested nutrient

intake, and less predictable timing of discharge from hos-

pital (16–18).

One cohort of patients that may benefit from a nutri-

tional intervention post-ICU discharge comprises those

admitted as a result of of severe traumatic injuries. After

a traumatic injury, patients can have elevated energy

expenditure and increased protein catabolism (19,20),

which is likely to continue post-ICU and throughout

recovery (20,21). Despite patients with traumatic injury fre-

quently being prescribed more energy and protein than

non-trauma patients in ICU (22), substantial cumulative

nutritional deficits have been observed during ICU for

this cohort (16,22).

There are limited data available reporting nutrition

intake and nutrition-related outcomes after ICU dis-

charge. The primary aim of the present study was to

determine the feasibility of repeatedly assessing nutrition

intake and measuring nutrition-related outcomes (weight,

nutritional status, muscle mass and strength) in a cohort

of patients with traumatic injury following ICU discharge.

The secondary aims were to (i) compare nutrition intake

post-ICU discharge to nutrition intake when in the ICU;

(ii) to determine whether post-ICU discharge there were

any differences between those receiving only oral intake

compared to any artificial nutrition support; and (iii) to

explore the relationships between nutritional intake and

nutrition-related outcomes.

Materials and methods

This cohort study was conducted in one of the two

trauma referral centres that receive all major adult trauma

for the state of Victoria (population approximately 6.3

million). Between July to September 2018, all patients

admitted to the ICU as a result of a traumatic injury and

who were ≥18 years old and mechanically ventilated for

at least 48 h were screened for eligibility. Recruitment

occurred on the day of discharge from the ICU. Patients

were excluded if, on discharge to the ward, they had

impaired neurology (defined as the best motor score of

abnormal flexion or worse) or bilateral upper arm injury,

or the goal of treatment was altered to include a focus on

palliative care. Reporting of the present study follows the

Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) guidelines (23). This project was

approved by the Melbourne Health Human Research

Ethics Committee (QA2018048). Eligible patients, or their

responsible person (if they were unable to comprehend

written information), were provided with written infor-

mation regarding the study and they were given the

opportunity to opt out from inclusion in the study.

Data were collected from ICU discharge and censored

26 days after ICU discharge or on hospital discharge,

whichever came first (Figure 1). Baseline demographic

data and patient characteristics were collected from the

ICU admission. Routine care in this ICU includes assesse-

ment by an ICU dietitian for all patients who are

mechanically ventilated for ≥48 h and are receiving nutri-

tional therapy. Protein and energy requirements were

Figure 1 Outcome measurement procedure. HGS, handgrip strength; QMLT, quadriceps muscle layer thickness; SGA, Subjective Global

Assessment.
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based on the dietitians’ assessment in the ICU and post-

ICU discharge. Estimated nutritional requirements were

calculated using actual body weight for patients below or

within the ideal body weight (IBW) range [body mass

index (BMI) 18.5–25 kg m–2 and for those

aged ≥ 65 years BMI 22–27 kg m–2] (24). For overweight

participants, IBW was used and, for obese participants

with a BMI greater than 30 kg m–2, an obesity adjusted

weight was used [IBW + 25% (actual body

weight – IBW)] (24).

Nutrition intake over the ICU admission was retrospec-

tively determined from fluid balance charts through daily

analysis of enteral and parenteral nutrition delivery.

Energy provided from other sources (e.g. intravenous

propofol and glucose as part of fluid therapy) was not

included and discarded gastric residual volumes were not

subtracted from energy provision.

Ward nutrition intake was collected for 5 days post-

ICU discharge. Diet orders, nutrition consumed and

mode of nutrition delivery were recorded daily. For

patients receiving artificial nutrition, fluid balance charts

were reviewed to determine protein and energy intakes.

For patients with volitional intake, the proportion of each

component of the meal consumed (using visual estimates

of 0%, 25%, 50%, 75% or 100%) was recorded in the MO-

BILE INTAKE
TM data application in the hospitals electronic

menu management system (CBORD
TM; The CBORD group,

New York, NY, USA). If a meal period could not be

assessed by a dietitian, food record charts, completed by

nursing staff and including visual estimates of meals con-

sumed, or patient-reported intake were used to estimate

the food intake. The hospital menu management system

CBORD
TM was used to analyse protein and energy intake

using the 2011–2013 AUStralian Food and NUTrient

(AUSNUT) database (https://www.foodstandards.gov.au/

science/monitoringnutrients/ausnut/ausnutdatafiles/Pages/

foodnutrient.aspx).

The ward (5 days) and ICU energy and protein ade-

quacy was calculated in the same way. Daily intake was

compared with dietitian estimated requirements, and

averaged over the study period. The ICU adequacy

excluded the day of ICU admission and discharge if it

was less than 12 h.

Nutrition-related outcomes including weight and mus-

cle mass and strength were recorded at baseline (within

48 h of discharge from the ICU), days 5–7 post-ICU dis-

charge and then weekly thereafter.

Weight on admission to ICU was recorded using bed

scales (Hill-Rom�; Hill-Rom, Inc., Indiana, USA) for the

majority of patients. If it was not physically possible to

weigh the patient on admission, family reports were used

for the admission weight. Post-ICU weight was measured

using standing scales (model 876; Seca, Hamburg,

Germany), chair scales (BW1122; Colonial, Melbourne,

Australia) or hoist scales (Maxi Move L8038; Ajor,

Malmȍ, Sweden), depending on the patient’s injury type

and mobility. Weight change was calculated as the differ-

ence in weight from ICU admission to ICU discharge and

to hospital discharge.

Muscle mass was assessed using an ultrasound to mea-

sure quadriceps muscle layer thickness (QMLT). QMLT

measurements were performed using a portable ultrasound

machine (S-ICU; Sonosite, Bothell, WA, USA) with a mul-

tiple-frequency transducer (13–6 MHz, 6 cm) using the

technique described previously (7,16,25). Measurements were

taken with the patient lying supine with leg relaxed and in

extension and the bedhead elevated at approximately 30°.
QMLT was measured unilaterally (on the right side unless

contraindicated as a result of injury or impairment) at two

points: the midpoint between the anterior superior iliac

spine and the upper pole of the patella and at the point two

thirds between the anterior superior iliac spine and the top

of the patella. A still image was taken with minimal pres-

sure and then again with maximal pressure applied. The

measurements were taken twice for each point and then the

four measurements were averaged to obtain the final

QMLT measurement. A third measurement was taken if

there was a difference of >10% between the first two mea-

surements, and the measurement with greater than a 10%

difference was discarded.

A trained dietitian used handgrip dynamometry (Com-

mander Echo Dynamometer; JTECH Medical, Midvale, UT,

USA) to assess upper limb muscle strength bilaterally (26).

Patients were assessed in a seated position, in a chair where

possible or sitting at least at 45° in bed, with their forearm

in flexion at 90° and wrist in extension, supported by the

arm of the chair or a pillow. Patients were asked to perform

a maximal voluntary isometric contraction and maintain

the contraction for 3–5 s. Three consecutive isometric con-

tractions with 30-60 s of rest in between test were com-

pleted and the highest measurement was recorded.

The Subjective Global Assessment (SGA), was used to

assess nutritional status (27). Patients were categorised as

well nourished (Score A), with mild to moderately mal-

nutrition (Score B) or severely malnourished (Score C).

As part of usual care at the study institution, the SGA is

completed by ICU dietitians on initial assessment (within

48 h of admission). This score was then retrospectively

extracted from the notes of eligible patients. The SGA

was subsequently repeated at hospital discharge by the

trained research dietitian.

Feasibility was determined though retention of study

participants for at least 5 days post-ICU. Feasibility was

predefined as >75% of eligible participants completing

5 days of intake data and having ≥1 repeat measure

recorded.
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Statistical analysis

Continuous and interval data were reported as the mean

(SD) and/or median interquartile range as appropriate.

Proportions were used to summarise ratios, and malnu-

trition was compared over time with McNemar’s test

accompanied by a 95% confidence interval (CI). Initial

univariable exploration of differences in continuous mea-

sures over time used the construction of trajectory plots,

followed by paired t-tests. Changes in QMLT over time

were explored using a population-averaged multivariable

linear model with a generalised estimating equation ap-

proach, an exchangeable working correlation structure

and robust standard error estimates accounting for clus-

tering within individual subjects. Independent variables

included baseline QMLT, protein adequacy, BMI, pres-

ence of traumatic brain injury, age ≥65 years and the

patient’s ICU admission. P < 0.05 (two-sided) was con-

sidered statistically significant, with no adjustment for

multiple testing. Data analysis was carried out using the

SPSS, version 23.0 (IBM Corp., Armonk,, NY, USA) and

STATA, version 15.1 (StataCorp, College Station, TX,

USA).

Results

During the 4-month study period, 67 patients were

screened for inclusion, 32 (47%) met all inclusion and no

exclusion criteria, and 28 (42%) patients agreed to partic-

ipate (Figure 2). Study participant characteristics are

described (Table 1).

During ICU admission, participants received a mean of

62% (17%) and 63% (19%) of estimated energy and pro-

tein requirements. At ICU discharge 19 (68%)

participants were receiving exclusive oral intake, five

(18%) participants were on a combination of oral diet

and enteral nutrition (EN) via a feeding tube, three

(11%) participants were receiving exclusive EN via a feed-

ing tube, and one (4%) patient was receiving a combina-

tion of EN and parenteral nutrition (PN).

Over the 5 days post-ICU discharge that nutritional

intake was observed, there was a total of 120 days (85%

of all days) of data available, with all missing data being a

result of patient discharge from hospital (Table 2). Daily

mean energy and protein intake was 1478 (651) kcal and

75 (37) g, which equated to 64% (28%) and 72% (32%)

of estimated energy and protein requirements (Figure 3).

There were no statistical group differences in either

energy (�3%; 95% CI = �15 to 10; P = 0.66) or protein

adequacy (�10%; 95% CI = �25 to 5; P = 0.19) between

ICU admission and post-ICU periods.

Patients receiving solely oral intake consumed less

energy and protein compared to patients receiving any

artificial nutrition support (oral diet plus EN, EN alone

or EN plus PN); the mean energy and protein intakes

were 1298 (640) kcal and 68 (39) g and 1857 (524) kcal

and 89 (30) g, respectively. The between group difference

was statistically significant for daily energy (mean differ-

ence 558 kcal; 95% CI = 53–1062; P = 0.03) but not pro-

tein (mean difference 22 g; 95% CI = �8 to 51; P = 0.15.

Compared with dietitian prescriptions, patients on any

artificial nutrition received a mean adequacy of 87%

(14%) of energy and 87% (17%) of protein compared to

those on oral diets who consumed a mean adequacy of

54% (26%) of energy and 65% (36%) of protein.

Figure 2 Consort diagram. *Eligible patients, were those admitted to

the intensive care unit as a result of a traumatic injury. ICU, intensive

care unit.

Table 1 Patient characteristics

Patient characteristics (n = 28) Value

Age (years), mean (SD) 50 (22.5)

Males, n (%) 21 (75)

Length of stay, mean (SD)

ICU 10.6 (6.7)

Ward 10.9 (9.2)

Total hospital 21.6 (11.8)

Mechanical ventilation (days), median (IQR) 6.0 (3.0–9.5)

Injury, n (%)

Multi-trauma 16 (57)

Multi-trauma with TBI 12 (43)

APACHE II score, mean (SD) 15 (6)

APACHE III score, mean (SD) 111 (55)

Body mass index (kg m–2), median (IQR) 26 (25–32)

Body weight ICU admission (kg), mean (SD) 86 (23)

Malnourished – SGA B/C, n (%) 3 (11)

APACHE, acute physiology and chronic health evaluation; ICU, inten-

sive care unit; IQR, interquartile range; SGA, Subjective Global Assess-

ment; TBI, traumatic brain injury.
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Nutritional intake data and the measurement of nutri-

tional status using the SGA were both found to be feasi-

ble outcomes measures; however, the other nutrition-

related outcome measures (weight, QMLT and handgrip

strength) were not found to be feasible in this cohort

(Table 2).

The proportion of participants observed to be malnour-

ished increased from ICU admission to hospital discharge;

however, this was not found to be statistically significant [3/

28 (11%) versus 7/28 (25%), change 14%; 95% CI = �2 to

31; P = 0.13]. Of the participants who had weight measured

at ICU admission and ICU discharge (n = 25), there was a

significant reduction in weight [mean reduction 2.3 kg

(95% CI = 0.5–4.2; P = 0.02), with a mean percentage loss

of weight over this period of 3.9% (4.6%). From ICU

admission to hospital discharge, the mean reduction in

weight was 4.2 kg (95% CI = 2.2–6.3; P < 0.001), with a

significant loss of weight also observed over the first 5 days

post-ICU (Table 3).

QMLT was measured on more than one occasion post-

ICU discharge in 18/28 patients (64%) (Table 2). There

was a significant reduction in mean QMLT (no pressure)

over ward admission by 0.23 cm (95% CI = 0.06–0.40;
P = 0.01) (Table 3) and the mean percentage reduction

was 7.2% (13%). The change in QMLT (no pressure) for

individuals over time is shown in the Supporting infor-

mation (Figure S1). Mean change in QMLT over time

was associated with greater baseline QMLT and a greater

number of days post-ICU discharge (Table 4). There was

no significant association found between change in

QMLT and age, BMI, severity of illness on admission to

the ICU, presence of a traumatic brain injury or ward

protein adequacy. There was a significant improvement in

handgrip strength from baseline to day 5 post-ICU dis-

charge in the group of participants (n = 10) who had

two measurements completed (Table 3).

Discussion

In this single-centre cohort study of patients with a trau-

matic injury who were discharged from an ICU, patients

received less energy and protein than it was estimated

that they required. Energy and protein provision and

nutritional adequacy on the ward were similar to that

provided during the ICU admission; however, patients

receiving artificial nutrition support post-ICU discharge

had improvements in energy and protein provision. It

was also observed that, after ICU discharge, a significant

reduction in weight and QMLT occurred. According to

the predefined criteria, missing data limited feasibility for

several nutrition-related outcomes.

The results obtained in the present study are similar to

those of several studies conducted in the ICU, with

patients receiving approximately 60% of their nutritional

targets (28–31). Although few studies have reported nutri-

tional adequacy after ICU discharge, in a single-centre

study of 37 patients with traumatic brain injury by Chap-

ple et al. (18), patients received similar nutritional ade-

quacy in ICU and after ICU discharge. However, greater

Table 2 Feasibility of outcome measures

Baseline* n (%) Day 5 post-ICU discharge n (%) At least ≥ 1 time point Met feasibility criteria (Yes/No)

Weight 25 (89) 13 (46) 15 (54) No

QMLT 27 (97) 18 (64) 18 (64) No

Handgrip Strength 17 (61) 12 (43) 14 (50) No

Subjective Global Assessment† 28 (100) NA 28 (100) Yes

Intake (days)‡ NA 120 (85) NA Yes

ICU, intensive care unit; NA, not available; QMLT, quadriceps muscle layer thickness.

*Baseline: within 48 h of ICU discharge.
†Subjective Global Assessment completed at baseline and hospital discharge.
‡Intake days: number of days intake data was recorded for the first 5 days post-ICU discharge.

Figure 3 Mean daily energy and protein adequacy for intensive care

unit (ICU) admission and the first 5 days post-ICU discharge. *Error

bars indicate the mean (SD); n, number of participants included at

each time point.
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energy and protein provision were observed in both set-

tings than in the present study, with patient recieving a

mean of 81% (35%) of energy and 77% (35%) of protein

requirements after ICU discharge. These differences could

be related to the different patient cohorts and the propor-

tion of patients with traumatic brain injury who require

artificial nutrition after ICU discharge rather than con-

suming oral intake. In the present study, patients who

received any artificial nutrition had significant increases

in energy but not protein adequacy in the post-ICU per-

iod compared to those receiving oral intake alone. These

results are similar to those observed by Chapple et al. (18)

who described less intake in patients who were reliant

solely on oral diet. Additionally, Peterson et al. (32) exam-

ined oral nutrition intake via multi-pass 24 h food recall

for 7 days post-extubation in a single-centre cohort of 50

critically ill patients; it was observed that mean energy

and protein intake never exceeded 55% of daily require-

ments (32). These results demonstrate that nutritional

inadequacy persists in the cohort of patients after trau-

matic injury, and that patients receiving oral intake alone

are possibly at greatest risk of nutritional inadequacy in

the ICU and the post-ICU period. This may be a result

of the early withdrawal of artificial nutrition support or

because hospital systems do not support achieving nutri-

tional adequacy during periods of volitional oral intake
(33). Further research is warranted to understand why

nutritional inadequacy persists after ICU discharge and

how to improve nutritional adequacy throughout the

entire hospital admission (34).

In the present study, nutrition-related outcome data

for weight, QMLT and handgrip strength were not

recorded in sufficient numbers to meet the predefined

feasibility criteria. Patient factors, including delirium, agi-

tation and post-traumatic amnesia; hospital factors,

including appropriate equipment availability, multiple

procedures and scans; early discharge; and research

resource allocation all contributed to missing data. It has

been reported that the prevalence of cognitive impair-

ment after a traumatic brain injury is up to 70% (35), and

this may affect capacity to complete some of the outcome

measures. Therefore, outcome measures that do not

require participation, volitional movements and coopera-

tion, such as QMLT, are probably more feasible in this

population, rather than handgrip strength and functional

capacity and quality of life (36). Although the frequency of

QMLT measurements did not achieve the predefined fea-

sibility criteria, it was successfully measured in 64% of

participants and, of the missing data, five (14%) partici-

pants were discharged prior to the first repeat measure

time point (day 5 post-ICU). These results are similar to

those reported previously by Chapple et al. (16,25) in stud-

ies measuring QMLT weekly post-ICU in 79% of a trau-

matic brain injury cohort. The evidence from these two

centres therefore supports the concept that QMLT is per-

haps the most feasible variable for repeated measurement

Table 3 Change in nutrition-related outcomes from ICU discharge to day 5 post-ICU discharge

n Baseline* Mean (SD) Day 5 post-ICU discharge, mean (SD) Mean difference (95% CI) P-value

Body weight (kg) 13 83.6 (16.1) 81.0 (16.2) �2.6 (�0.98 to �4.2) 0.004

Handgrip strength (kg) 10 27.9 (9.5) 30.1 (11.1) 2.3 (0.22 to 4.3) 0.034

QMLT no pressure (cm) 18 2.8 (0.8) 2.6 (0.8) �0.23 (�0.06 to �0.40) 0.01

CI, confidence interval; ICU, intensive care unit; QMLT, quadriceps muscle layer thickness.

*Baseline: within 48 hours of ICU discharge.

Table 4 Effect estimates from multivariable linear model assessing change in QMLT from baseline to hospital discharge

Variable Coefficient of effect* 95% CI P-value

QMLT Baseline (cm) 0.88 0.79 to 0.96 <0.001

ICU protein adequacy, per 10% �0.04 �0.07 to 0.002 0.06

Number of days post-ICU discharge �0.04 �0.05 to �0.02 <0.001

BMI ≥ 30 kg m–2 0.07 �0.08 to 0.2 0.37

Presence of a traumatic brain injury 0.05 �0.05 to 0.15 0.31

Age ≥65 years �0.02 �0.13 to 0.0.9 0.69

APACHE II score on admission, per 5 points 0.02 �0.04 to 0.07 0.59

APACHE, acute physiology and chronic health evaluation; BMI, body mass index; CI, confidence interval; ICU, intensive care unit; QMLT, quadri-

ceps muscle layer thickness.

*All reported effect estimates are adjusted for all other variables within a multivariable linear model, using a generalised estimating equation ap-

proach (refer to statistical analysis methods for details).
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in this population when attempting to evaluate the

impact of nutritional therapies on body composition.

It remains unclear what, if any, impact energy and pro-

tein provision in the ICU or following ICU admission

have on patient-centred and nutrition-related outcomes
(8). In the present study, there was a significant reduction

in weight and QMLT over the study period; however,

there was no evidence to suggest that greater protein pro-

vision was associated with attenuation of QMLT loss.

Similarly, a previous multi-centre observational study

(UK MUSCLE) reported that greater loss of quadriceps

muscle was associated with greater protein delivery in

ICU (5). However, in contrast to this observed association,

other cohort studies (37,38), as well as a recent randomised

control trial by our group, report that greater protein

delivery is associated with attenuation of muscle loss in

ICU (7). These conflicting results highlight the issues

involved when interpreting associations in observational

studies of critically ill cohorts, particularly because the

severity of illness is a confounder that may not be ade-

quately accounted for. Although muscle thickness and

body composition outcomes are only surrogate physiolog-

ical outcomes for outcomes that are important to

patients, Chapple et al. (16) reported that greater QMLT

at hospital discharge was associated with significant

improvements in self-related quality of life 3 months after

hospital discharge. Further research is required to evalu-

ate the impact of nutritional therapies on functional out-

comes post-discharge from hospital (8,34).

This is the first study to evaluate the feasibility of measur-

ing nutrition-related outcomes and nutritional intake in

patients with multiple injuries following trauma after ICU

discharge. Nutritional intake was measured using meal

observations and an electronic menu management system

and nutritional outcomes such as muscle mass, muscle

strength and nutritional status were recorded. However,

there are several limitations, including the study comprising

a single-centre study, with a relatively small number of

patients being investigated. Moreover, the size of the cohort

was not sufficient to determine whether nutrition-related

outcomes were affected by nutritional adequacy and, as a

result of the observational nature, causality cannot be estab-

lished for any associations observed. Data collection was

limited to weekdays and acute hospital admission. Increas-

ing the resource allocation and study timeframes in future

interventional studies may increase the sample size and data

completeness and consideration should be given to include

outcome data form admissions to rehabilitation facilities. It

was also not within the scope of the present study to exam-

ine the feasibility of measuring nutrition-related outcomes

post-hospital discharge. With recovery from acute illness,

patient participation in outcome measures may increase

and therefore increase their utility.

Conclusions

Mean energy and protein intake were below the estimated

requirements and were similar during the ICU admission

and after ICU discharge; however, patients receiving arti-

ficial nutrition support received greater amounts of

energy. Within the limitation of missing data, weight loss

and reductions in QMLT were observed after ICU dis-

charge. A greater change in QMLT was associated with a

greater baseline QMLT and length of ward admission.

The most appropriate outcome measures for investigating

associations between nutrition provision and recovery

remain unclear and warrant further investigation. Well-

designed and adequately powered randomised clinical tri-

als are required to determine the effect of greater nutri-

tion provision on nutrition-related outcomes in patients

discharged from an ICU after major trauma.
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Abstract

Metabolic bone diseases are a group of conditions that are common compli-

cations in patients with intestinal failure. These may occur as a result of the

underlying condition, leading to intestinal failure, particularly inflammatory

conditions such as Crohn’s disease and their associated treatments including

corticosteroids. Malabsorption, as a result of a loss of enterocyte mass or

gut function, of many nutrients, including vitamin D, may further com-

pound metabolic bone problems, and there has been historical contamina-

tion of parenteral nutrition with aluminium that has prevented normal

bone metabolism contributing to osteoporosis. This review looks at the

diagnosis and current management of bone health in patients with intestinal

failure.

Introduction

Intestinal failure (IF) is the loss of gut function such

that a person cannot survive without intravenous

water, electrolytes, micronutrients (vitamins and miner-

als) and macronutrients (carbohydrates, lipids and pro-

tein) (1). Typical causes of IF are wide ranging and

frequently are caused by complications following intra-

abdominal surgery (21–25%) (2–4). Other common

causes include mesenteric vascular catastrophes (15–
16%), mucosal disease such as Crohn’s disease (CD)

(28–34%) and intestinal dysmotility following previous

surgery or from a myo-/neuropathic gut (7–15%) or

cancer (5–29%) (2–4). These underlying aetiological

processes result in a number of ways to subclassify IF:

type 1 and type 2 IF are acute conditions, with the

former lasting less than 28 days and latter lasting more

than 28 days with more metabolic instability. Type 3

IF occurs when the patient is metabolically stable and

goes home on parenteral nutrition (PN); it can be

reversible or irreversible.

Second, pathophysiological separation can occur to dif-

ferentiate between short bowel syndrome (SBS) [with end

jejunostomy (38.6%), with a jejuno-colic anastomosis

(19.9%) and jejuno-ileal anastomosis with ileocaecal valve

and whole colon in situ (5.9%)], mechanical obstruction

(4.4%), dysmotility (17.5%) or mucosal disease (6.8%) (5).

Alternative methods of classifying IF include volume of sto-

mal losses and volumes of intravenous support needed,

such as number of nights on parenteral nutrition (PN)

compared to volume required (1).

The provision of PN to provide supplemental or total

nutrition as home PN (HPN) allows many patients to

have a reasonable quality (6) and quantity of life (3).

Unfortunately, IF is associated with complications (7).

These mainly occur as a result of PN administration:

• Venous thromboses that may cause loss of venous

access

• Catheter-related blood stream infections (CRBSI) that

may lead to devastating infections such as fungal endoph-

thalmitis, endocarditis or osteomyelitis (7,8)
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• IF associated liver disease (IFALD) that lead to hepatic

fibrosis and cirrhosis (9)

Other complications of IF include:

• Renal dysfunction as a result of chronic dehydration (10)

• Renal oxalate stones as a result of calcium/oxalate

competition for fatty acids

• Metabolic bone disease (MBD) (10)

Life-threatening complications, especially loss of venous

access, recurrent or fungal CRBSI and IFALD are indica-

tions for considering intestinal transplantation (11,12).

Metabolic bone disease

Definition

Metabolic bone disease is defined as alteration in skeletal

homeostasis that results in defective bone density (e.g.

osteoporosis, osteopetrosis and Paget’s) and bone miner-

alisation (e.g. Rickets, osteomalacia and renal osteodystro-

phy) (13). These may be a result of alterations in serum

calcium and phosphate because of changes in circulating

vitamin D or parathyroid hormone (PTH) levels affecting

mineral deposition, leading to changes in calcium or

phosphate concentrations in hydroxyapatite, or a result of

changes in bone turnover or growth (14). The commonest

conditions observed in IF patients include osteoporosis

and rarely osteomalacia. Osteoporosis has been reported

as occurring in 57–88% of adult patients with IF with

both osteopaenia and osteoporosis increasing with age, as

in the general population (15–18). In children with IF,

osteopaenia occurs in 45% (19) and osteoporosis in 16–
25% taking into account growth restriction (20). On the

other hand, in both adults and children, osteomalacia is

less common, with no reported incidence associated with

IF but the prevalence in 16 individuals on home PN

undergoing bone biopsy yielded a diagnosis of osteomala-

cia in 12 (75%) (21).

Diagnosis

The diagnosis is a clinical one often taking into

account mechanism of fracture, history of bone (Paget’s

or osteomalacia) or muscle pain (osteomalacia) and

radiographical findings. Typical radiographical changes

of osteoporosis include general loss of bone mass and

fractures in common osteoporotic sites (14). Wide

growth plates and frayed metaphyses were consistent

with rickets in children, whereas osteomalacia may pre-

sent with radiographic evidence of Looser zones. Radio-

graphic changes in hyperparathyroidism consist of hand

subperiosteal resorption, while, vitamin C deficiency

causes subperiosteal haemorrhage as a result of collagen

defects (14).

With the advent in 1988 of dual-energy X-ray absorp-

tiometry (DEXA) scans assessing bone mineral density on

the femoral neck and spine (22,23), the diagnoses of osteo-

porosis and osteopaenia could be made with better accu-

racy and a lower radiation dose. However, it cannot

differentiate between osteoporosis and osteomalacia on the

basis of bone mineral density (BMD) alone. Osteopaenia

has been defined by the International Society of Clinical

Densitometry as a T-score �0.1 - �2.5 and osteoporosis as

a T-score <�2.5 using a normative reference database of

Caucasian women for all adults, irrespective of race or gen-

der (24). Children, on the other hand, require a clinical

diagnosis of either a vertebral compression fracture or a Z-

score < 2 and either two long bone fractures by the age of

10 years or three long bone fractures by the age of 19 years
(25,26). DEXA scans have been used widely by many groups

to determine the BMD for their patients with IF, whether

paediatric or adults (19,24,27–32) such that current IF guideli-

nes now suggest annual DEXA scanning in adults and chil-

dren (33,34). Osteopaenia occurs in 45% children (ideal

weight for height adjusted Z-score <�2.0) on PN (19),

whereas 52% of adults have been found to demonstrate an

‘abnormal’ DEXA on commencement of HPN (30). An

older study followed 10 HPN-dependent adults (7 : 3

male : female, 19–66 years) for 0–67 months (mean 24)

and found that four out of 10 had spinal osteoporosis on

radiographs (35).

Following on from DEXA, the FRAX� tool was devel-

oped in 2008 from the World Health Organization Col-

laborative Centre for Metabolic Bone Diseases based in

the University of Sheffield, UK (36). This simple tool uses

age, gender and body mass index with seven simple risk

factor questions and femoral neck T-score to calculate a

10-year major osteoporotic fracture risk and hip fracture

risk.

By contrast, osteomalacia is a qualitative not quantita-

tive defect in mineralisation and can be frequently diag-

nosed on clinical history (painful bones and muscles with

fractures) and serum biochemistry investigations. The role

of these investigations is to determine the cause of osteo-

malacia and to differentiate between vitamin D deficiency

and phosphate wasting conditions such as renal phos-

phate wasting, renal tubular acidosis (proximal, type 2)

or skeletal fluorosis. Often the diagnosis is challenging

and often delayed (37–39) and so the gold standard method

of diagnosis is through bone biopsy. In a study, 16 adults

followed for 7–89 months on PN found that 12 of 16 had

osteomalacia on bone biopsy (21).

Aetiology of metabolic bone disease in intestinal failure

MBD in IF may occur, as can be observed in Table 1,

because of the underlying condition that caused IF (e.g.
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inflammatory conditions such as CD) and the IF or PN

itself (9). A Japanese study (40) of 388 patients with

inflammatory bowel disease (IBD) without IF, aged 20–
50 years, found that 78 of 388 (20%) had osteopenia

[17% ulcerative colitis (UC), 24% CD) and 17 (4%) had

osteoporosis (3.4% UC, 5.8% CD); risk factors for devel-

oping MBD included male gender, low body mass index

(BMI) and steroid use. Following intestinal surgery, such

as gastrectomy, bone metabolism is altered, with one

group observing reduced hand bone calcium content (41),

suggesting an interaction between gut function/hormonal

changes and bone metabolism. It is therefore unsurprising

that MBD can occur in patients with IF occurring as a

result of surgical injury. In particular, SBS is associated

with malabsorption of calcium, phosphate and vitamin D,

which are key to bone health.

How does intestinal failure change bone metabolism?

It is unclear whether, and to what degree, MBD can

improve over time with PN, although what is clear is that

MBD early on in the natural history of IF will be a result

of the underlying condition (e.g. CD with previous ster-

oid use). For example, a study on 75 adult patients

receiving HPN (35 with an underlying diagnosis of CD),

reported worse BMD at the start of the study period in

CD patients compared to patients without CD, suggesting

that the underlying condition leading to IF impacts more

on BMD than IF itself. However, a 1% loss per year

(P < 0.005) was also found in the entire cohort, although,

importantly, this rate was not significantly different from

the rate of BMD decline of age- and gender-matched

controls. This suggests that being on HPN may attenuate

any BMD decline that could otherwise have been

observed (24).

In children, correction of the underlying deficit,

whether inadequate provision of macro/micronutrients or

control of inflammation, allows normal hormonal factors

to facilitate growth and therefore increase in BMD. This

was observed in a study of 31 HPN-dependent children,

who had a median of 6 years between the first and last

DEXA scan; during that time, total bone mineral content

increased by a mena (SD) of 0.1 (0.04) per year, whereas

the risk of having low bone mass reduced with an odds

ratio of 0.9 per year of HPN (95% confidence inter-

val = 0.02–0.99, P = 0.018)(19). However, this is not the

experience of another study, where a multivariate analysis

found an association between longer duration of PN and

a reduction of BMD (32). In both studies, vitamin D sup-

plementation made no difference to BMD. However, a

small case series of six children benefited from bisphos-

phonate treatment (42) suggesting that a larger trial of

newer agents in paediatric IF should be considered.

Vitamin D

Vitamin D is a vital part of bone metabolism and exerts

its effect by increasing calcium absorption from the gut,

which is then deposited in the bone (43). In patients with

IF, where calcium absorption may be less, adequate cal-

cium intake can be ensured via PN.

However, initial studies had somewhat perplexing find-

ings regarding Vitamin D, and perhaps best explained by

the lack of intestinal or PN calcium availability. For

example, Klein et al. (44) found osteomalacia in 11

patients on PN for more than three months duration

despite normal phosphate, 25(OH) vitamin D and PTH

levels, perhaps implying pre-existent osteomalacia, some

other component toxicity (e.g. aluminium) or inability to

convert 25(OH) vitamin D to 1,25 (OH) vitamin D. In

another study during the same year, 10/16 patients on

PN had hypercalciuria and negative calcium balance, with

three patients with the severest form having their vitamin

D removed from PN, resulting in normalisation of cal-

cium balance in two out of three of them (21). A later

study investigating 11 PN patients found excessive

unmineralised bone tissue on bone biopsy despite a nor-

mal phosphate and vitamin D (25-hydroxyl-vitamin D)

level, with three of 11 reporting bone pain and fractures.

It was found that removal of the vitamin D from PN

resulted in an improved histological assessment as

demonstrated by a decrease in osteoid bone and an

increase in tetracycline uptake, whereas pain reduced and

fractures healed in the three symptomatic patients (45).

There are a number of possible explanations for this,

including out current understandomg that this may have

been all related to aluminium toxicity or the form of vita-

min D assessed, which was 25(OH)-vitamin D. In retro-

spective paediatric studies, vitamin D deficiency was

observed in 41–64% (31,32), hyperparathyroidism

(PTH >55 pg mL–1) was surprisingly common (25%)
(32), 20% complained of bone pain (32), pathological frac-

tures were observed in 10–29%(31,32) osteopaenia occurred

in 34% (31) and BMD was significantly lower compared

to controls (46).

It is clear that factors other than vitamin D will play a

part in BMD; indeed, a more recent study of 51 HPN-de-

pendent adult patients, 81% had reduced DEXA measure-

ments despite 35% displaying normal vitamin D levels
(30). In preterm neonates, which are a very different group

of patients with their bones in a different developmental

stage to adults, Bridges et al. (47) evaluated the role of

novel lipid emulsions on bone health. The findings

obtained suggest that such PN does not provide suffi-

cient calcium, phosphorus, docosahexaenoic acid or

arachidonic acid, which are important modulators of

bone cell differentiation, bone lengthening and matrix
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deposition. This may account for some of the changes

seen in adults.

Ingestion of elements that interfere with bone metabolism

Accumulation of aluminium in both tissues and bone has

been known subsequent to the early 1980s and, on inves-

tigation, was attributed to the casein protein in the PN

with a switch to amino acid formulation reduced alu-

minium levels (48). Further work to address the role alu-

minium played in MBD found that, on converting

patients from casein containing PN to amino acid con-

taining PN, there was greater bone formation, greater

osteoid area and both the bone surface stainable alu-

minium and total bone aluminium were lower (49). These

data suggest that plasma and bone surface aluminium

inhibit bone formation and that reducing aluminium

consumption via a change in PN formulation to amino

acids improves BMD (49). In the USA, the Food and Drug

Administration (FDA) proposed to limit the level of alu-

minium permissible within PN in 2001 with commence-

ment of the rule in 2003 (50).

Other heavy metals are also known to influence BMD.

A study of 31 adults, primarily with IF as result of SBS,

assessed their BMD and serum fluoride levels. The

researchers found that 102/120 fluoride dosages were

above the upper limit of normal intake. The mean daily

supply was 8 mg (US upper adequate intake 3.1–3.8 mg

per day). Notably, BMD was lower in the spine and this

correlated with fluoride intake. Two patients had symp-

toms of fluorosis with calcaneum fissures, interosseous

calcifications or femoral neck osteoporosis. It was suggest

that the high intakes of fluoride originate not only from

the PN, but also significantly from mineral water and tea

consumed (29). These do not constitute appropriate iso-

tonic fluids that are currently recommended for oral

adjuncts to aid hydration status in IF (51).

Is small intestinal bacterial overgrowth implicated?

Following intestinal surgery, the small bowel can become

affected by bacterial overgrowth as a result of a change in

motility. This is a common problem for patients with IF
(51,52) but small intestinal bacterial overgrowth (SIBO) in

patients without IF is also associated with a reduction in

BMD compared to healthy controls (28). It was suggested

the SIBO had an impact on BMD as a result of the accu-

mulation of D-lactate (28) that results in acidosis (53).

SIBO and other intestinal malabsorptive conditions are

associated with deficiencies in fat-soluble vitamins, includ-

ing vitamin K. It is unclear why this occurs, although it

may be a result of changes in serum unconjugated bile

acids, which was the focus of a novel method of diagnosing

SIBO in a pilot paediatric study (54). Unfortunately, how-

ever, despite antibiotic treatment, there were no changes in

serum unconjugated bile acid levels. A retrospective study

from the Canadian HPN registry found that the 78/189

(41.1%) individuals who had 10-mg weekly vitamin K

intravenously in addition to normal PN also had a trend

towards a better hip DEXA T-score (P = 0.063) (55). In

addition, a recent comprehensive review of the role of vita-

min K in bone health (56) suggests that there are two main

pathways involved: first the osteocalcin or bone Gla protein

(BGP), which is produced by osteoblasts under influence of

vitamin D, is activated by vitamin K and enables incorpora-

tion of calcium ions into hydroxyapatite crystals (56,57). Sec-

ond, there is some suggestion that vitamin K may be the

ligand for steroid and xenobiotic receptor (SXR) that pro-

motes bone formation and prevents bone resorption (56,58).

Hypercalciuria

A number of studies describe hypercalciuria occurring in

the early phase of MBD. In early studies, ten of 16

patients on PN for 7–89 months developed hypercalciuria

and negative calcium balance (21); 11 of 11 on PN for

more than 3 months developed hypercalciuria, three of

11 patients had hypercalciuria associated with severe bone

and pain fractures (45); seven adults for more than

7 months PN all had hypercalciuria and six of seven had

negative calcium balance (59). The underlying cause of this

was poorly understood. An early rat model of IF demon-

strated significantly increased excretion of calcium in the

urine, although not phosphorus or magnesium, in ani-

mals undergoing small bowel resection (60). An alternative

explanation relates to acidosis exacerbating urinary cal-

cium loss (61) particularly in those receiving high levels of

protein in PN (62).

What about parenteral iron?

There is growing evidence that parenteral iron causes

hypophosphataemia that can last for up to 6 months fol-

lowing administration. This was observed in a retrospec-

tive study in 22% of patients treated with iron sucrose

and 51% in those treated with ferric-carboxymaltose (63).

The likely underlying pathogenesis may be as a result of

renal phosphate wastage (64). The resulting hypophos-

phataemia can result in hypophosphataemic osteomalacia,

and so switching to another form of parenteral iron may

be necessary and ensuring adequate parenteral phosphate

is used to keep levels within the normal range (64).

Surveillance for and treatment of metabolic bone
disease

Surveillance for MBD is part of the current guidelines for

practitioners caring for patients with IF, regardless of

whether they are adults (33) or children (65,66). Simple

measures to increase vitamin D and calcium levels
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improve bone health (33), although there are a paucity of

high-quality data avaiable in IF patients regarding the

effect (67,68). High-dose calcium was also demonstrated to

off-set the toxic effect of aluminium on bone in a case

report, with reduced bone pain, increased serum calcium,

abolished aluminium deposits in trabecula and increased

bone density on biopsy (69). Maximising vitamin K would

appear sensible, even though there are no clear data to

recommend this (55).

Oral bisphosphonates are effective in patients with IF

where there is sufficient enteric absorption, which may

not always be possible in patients with IF such that intra-

venous preparations are required (e.g. zoledronate). The

first paediatric study looked at six children on PN for at

least 3 years with evidence of osteoporosis. Two cycles of

intravenous pamidronate 30 mg m–2 monthly were given

for 6 months and a significant improvement was found

at both 6 and 12 months following treatment and, by fol-

low-up at 108 months, none out of six patients had

become osteoporotic again, nor were there any osteo-

porotic associated fractures (42). Alternative treatment

strategies include denosumab, a monoclonal antibody that

targets osteoclast activity and, in one study of 15 patients

with 1 year of treatment, this demonstrated a marked

improvement in DEXA results (70). In the case report of a

woman with SBS and renal impairment, who was treated

with teriparatide (a subcutaneous PTH analogue) the

normalisation of BMD was reported in 18 months (71).

Tangpricha et al. (72) randomised subcutaneous growth

hormone (GH) or placebo in adults with SBS on PN.

There was a high incidence of vitamin D deficiency

(78–79%) in both control and GH treated subjects. Mark-

ers of bone turnover were assessed and it was found that

only osteocalcin increased significantly (62%; P < 0.05) at

12 weeks and DEXA scans (baseline and at 24 weeks)

found no change in BMD at the spine or hip, although

there was a slight reduction at the femoral neck in the

control group compared to the GH group.

There is much excitement within the IF community

about the role that incretin gut hormones, in particular

glucagon-like peptide (GLP)-2, have on gut function to

improve the absorption of nutrients through elongation

of the mucosal villi (73,74). A recent review of gut hor-

mones and bone health has brought together data on

GLP-2 and other incretin hormones, such as GLP-1, glu-

cose-dependent insulinogenic peptide and protein YY,

and their effect on the reduction of bone resorption and

increase bone formation (75).

Conclusions

Bone health is vital for the well-being of patients with

intestinal failure. With DEXA, non-invasive monitoring

of the commonest MBD, namely osteoporosis, is not only

possible, but also easily accessible and relatively cheap.

The aetiology of MBD is multifactorial and includes vita-

min D deficiency, the underlying aetiology for intestinal

failure and the collateral damage caused by inadvertent

ingestion of elements (e.g. aluminium or fluoride) that

impact on bone health. Teams caring for patients with IF

should be mindful to try population strategies aiming to

prevent deterioration in bone health by minimising both

Table 1 The aetiology of metabolic bone disease in intestinal failure

Metabolic

bone disease

Aetiology in

intestinal failure Cause Treatment

Osteoporosis Low vitamin D Malabsorption as a result of short bowel or

gut inflammation or lack of sun exposure

High oral dose, and consider intramuscular dosing

Underlying

inflammatory condition

Inflammatory burden of disease Control inflammatory bowel disease with

appropriate medication, treat abdominal

inflammation using Sepsis-Nutrition-Anatomy-Plan

(SNAP) protocol

Low calcium absorption Malabsorption as a result of short bowel or

low vitamin D status

Replace vitamin D and add oral calcium or calcium

in parenteral nutrition

Aluminium toxicity Casein protein in parenteral nutrition Change formulation to modern amino acid

formulation

Fluoride toxicity High levels in tea and certain bottled water Use recognised isotonic drinks that give Na

>90 mmol e.g. double-strength dioralyte or St

Mark’s solution, or Lucozade Sport (Lucozade

Ribena Suntory Limited, Uxbridge, UK) 500 mL

with ½ teaspoon salt

Osteomalacia Low vitamin D Malabsorption as a result of short bowel or

gut inflammation or lack of sun exposure

High oral dose, and consider intramuscular dosing

Hypophosphataemia Inadequate phosphate intake, excessive oral

calcium intake or parenteral iron

Increase parenteral phosphate intake and switch to

iron sucrose to provide parenteral iron
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medication that has a negative impact, such as corticos-

teroids, and elements in oral rehydration solutions and

PN, at the same time as optimising vitamin D status and

general nutritional status, as well as paying attention to

normal risks factors for developing MBD, such as smok-

ing and alcohol.

Acknowledgements

This work was supported by the National Institute for

Health Research (NIHR) Biomedical Research Centre

(BRC). The views expressed are those of the authors and

not necessarily those of the NHS, the NIHR or the

Department of Health.

Conflict of interests, sources of funding and
authorship

The authors declare that they have no conflicts of interest.

No funded declared.

SL conceived the topic. PA wrote the manuscript. SL edited the

manuscript submitted for publication.

Transparency declaration

The lead author affirms that this manuscript is an honest,

accurate and transparent account of the studies being

reviewed and that no important aspects of the studies

have been omitted and that any discrepancies from this

have been explained.

References

1. Pironi L, Arends J, Baxter J et al. (2014) ESPEN endorsed

recommendations. Definition and classification of

intestinal failure in adults. Clin Nutr 34, 171–80.
2. Brandt CF, Hvistendahl M, Naimi RM et al. (2017) Home

parenteral nutrition in adult patients with chronic intestinal

failure: the evolution over 4 decades in a tertiary referral

center. JPEN J Parenter Enteral Nutr 41, 1178–1187.
3. Dibb M, Soop M, Teubner A et al. (2017) Survival and

nutritional dependence on home parenteral nutrition:

Three decades of experience from a single referral centre.

Clin Nutr 36, 570–576.
4. Raman M, Gramlich L, Whittaker S et al. (2007) Canadian

home total parenteral nutrition registry: preliminary data on

the patient population. Can J Gastroenterol 21, 643–648.
5. Pironi L, Konrad D, Brandt C et al. (2018) Clinical

classification of adult patients with chronic intestinal

failure due to benign disease: An international multicenter

cross-sectional survey. Clin Nutr 37, 728–738.

6. Burden ST, Jones DJ, Gittins M et al. (2019) Needs-based

quality of life in adults dependent on home parenteral

nutrition. Clin Nutr 38, 1433–1438.
7. Allan P & Lal S. Intestinal failure: a review. F1000Res 7, 85

(2018).

8. Allan P, Stevens P, Chadwick P et al. (2016) Osteomyelitis

in adult patients on long-term parenteral nutrition: 2745

patient-years of experience in a national referral centre.

Clin Nutr 35, 1135–1139.
9. Dibb M, Teubner A, Theis V et al. (2013) Review article:

the management of long-term parenteral nutrition.

Aliment Pharmacol Ther 37, 587–603.
10. Agostini F, Sasdelli AS, Guidetti M et al. (2018) Outcome

of kidney function in adults on long-term home parenteral

nutrition for chronic intestinal failure. Nutrition 60,

212–216.
11. Loo L, Vrakas G, Reddy S et al. (2017) Intestinal

transplantation: a review. Curr opin gastroenterol 33,

203–211.
12. Harrison E, Allan P, Ramu A et al. (2014) Management of

intestinal failure in inflammatory bowel disease: small

intestinal transplantation or home parenteral nutrition?

World J Gastroenterol 20, 3153–3163.
13. Peters J, Robertson A, Godavitarne C et al. (2017)

Metabolic bone disease. Orthop Trauma 31, 306–311.
14. Chang CY, Rosenthal DI, Mitchell DM et al. (2016)

Imaging findings of metabolic bone disease. Radiographics

36, 1871–1887.
15. Ellegard L, Kurlberg G & Bosaeus I (2013) High

prevalence of vitamin D deficiency and osteoporosis in

out-patients with intestinal failure. Clin Nutr 32,

983–987.
16. Cohen-Solal M, Baudoin C, Joly F et al. (2003)

Osteoporosis in patients on long-term home parenteral

nutrition: a longitudinal study. J Bone Miner Res 18,

1989–1994.
17. Wright NC, Looker AC, Saag KG et al. (2014) The recent

prevalence of osteoporosis and low bone mass in the

United States based on bone mineral density at the

femoral neck or lumbar spine. J Bone Miner Res 29,

2520–2526.
18. Nygaard L, Skallerup A, Olesen SS et al. (2018)

Osteoporosis in patients with intestinal insufficiency and

intestinal failure: Prevalence and clinical risk factors. Clin

Nutr 37, 1654–1660.
19. Poinsot P, Geoffroy P, Braillon P et al. (2018)

Longitudinal bone mineralization assessment in children

treated with long-term parenteral nutrition for severe

intestinal failure. JPEN J Parenter Enteral Nutr 42,

613–622.
20. Neelis E, Rijnen N, Sluimer J et al. (2018) Bone health of

children with intestinal failure measured by dual energy X-

ray absorptiometry and digital X-ray radiogrammetry. Clin

Nutr 37, 687–694.

428 ª 2019 The British Dietetic Association Ltd.

Bone health in IF P. J. Allan and S. Lal



21. Shike M, Harrison JE, Sturtridge WC et al. (1980)

Metabolic bone disease in patients receiving long-term

total parenteral nutrition. Ann Intern Med 92, 343–350.
22. Wahner HW, Dunn WL, Brown ML et al. (1988)

Comparison of dual-energy x-ray absorptiometry and dual

photon absorptiometry for bone mineral measurements of

the lumbar spine. Mayo Clin Proc 63, 1075–1084.
23. Mazess RB & Barden HS (1988) Measurement of bone by

dual-photon absorptiometry (DPA) and dual-energy X-ray

absorptiometry (DEXA). Ann Chir Gynaecol 77, 197–203.
24. Haderslev KV, Tjellesen L, Haderslev PH et al. (2004)

Assessment of the longitudinal changes in bone mineral

density in patients receiving home parenteral nutrition.

JPEN J Parenter Enteral Nutr 28, 289–294.
25. Gordon CM, Leonard MB & Zemel BS (2014) 2013

Pediatric Position Development Conference: executive

summary and reflections. J Clin Densitom 17, 219–224.
26. The International Society For Clinical Densitometry

(2015) International Society For Clinical Densitometry

Official Positions - Adult, www.iscd.org/official-positions/

2015-iscd-official-positions-adult (accessed November

2019).

27. Saitta JC, Ott SM, Sherrard DJ et al. (1993) Metabolic

bone disease in adults receiving long-term parenteral

nutrition: longitudinal study with regional densitometry

and bone biopsy. JPEN J Parenter Enteral Nutr 17,

214–219.
28. Di Stefano M, Veneto G, Malservisi S et al. (2001) Small

intestine bacterial overgrowth and metabolic bone disease.

Dig Dis Sci 46, 1077–1082.
29. Bouletreau PH, Bost M, Fontanges E et al. (2006) Fluoride

exposure and bone status in patients with chronic

intestinal failure who are receiving home parenteral

nutrition. Am J Clin Nutr 83, 1429–1437.
30. Martinez C, Virgili N, Cuerda C et al. (2010) Transversal

study on the prevalence of Metabolic Bone Disease (MBD)

and Home Parenteral Nutrition (HPN) in Spain: data

from NADYA group. Nutr Hosp 25, 920–924.
31. Khan FA, Fisher JG, Bairdain S et al. (2015) Metabolic

bone disease in pediatric intestinal failure patients:

prevalence and risk factors. J Pediatr Surg 50, 136–139.
32. Demehri FR, Simha S, Stephens L et al. (2015) Pediatric

intestinal failure: Predictors of metabolic bone disease. J

Pediatr Surg 50, 958–962.
33. Pironi L, Arends J, Bozzetti F et al. (2016) ESPEN

guidelines on chronic intestinal failure in adults. Clin Nutr

35, 247–307.
34. Mihatsch W, Fewtrell M, Goulet O et al. (2018)

ESPGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric

parenteral nutrition: Calcium, phosphorus and

magnesium. Clin Nutr 37, 2360–2365.
35. Foldes J, Rimon B, Muggia-Sullam M et al. (1990)

Progressive bone loss during long-term home total parenteral

nutrition. JPEN J Parenter Enteral Nutr 14, 139–142.

36. Kanis JA, Oden A, Johansson H et al. (2009) FRAX and

its applications to clinical practice. Bone 44, 734–743.
37. Basha B, Rao DS, Han ZH et al. (2000) Osteomalacia due

to vitamin D depletion: a neglected consequence of

intestinal malabsorption. Am J Med 108, 296–300.
38. de Torrent�e de la Jara G, P�ecoud A & Favrat B.et al.

Female asylum seekers with musculoskeletal pain: the

importance of diagnosis and treatment of hypovitaminosis

D. BMC Fam Pract 7, 4 (2006).

39. Jin J, Sun F, Wang G et al. (2014) The clinical

characteristics of 26 cases of hypophosphatemia

osteomalacia misdiagnosed as spondyloarthritis. Zhonghua

Nei Ke Za Zhi 53, 847–851.
40. Wada Y, Hisamatsu T, Naganuma M et al. (2015) Risk

factors for decreased bone mineral density in

inflammatory bowel disease: A cross-sectional study. Clin

Nutr 34, 1202–1209.
41. Pridie RB, Higgins PM & Yates JR (1968) Bone changes

following gastrectomy. Clin Radiol 19, 148–153.
42. Pastore S, Londero M, Barbieri F et al. (2012) Treatment

with pamidronate for osteoporosis complicating long-term

intestinal failure. J Pediatr Gastroenterol Nutr 55, 615–618.
43. Bikle DD (2014) Vitamin D metabolism, mechanism of

action, and clinical applications. Chem Biol 21, 319–329.
44. Klein GL, Targoff CM, Ament ME et al. (1980) Bone

disease associated with total parenteral nutrition. Lancet 2,

1041–1044.
45. Shike M, Sturtridge WC, Tam CS et al. (1981) A possible

role of vitamin D in the genesis of parenteral-nutrition-

induced metabolic bone disease. Ann Intern Med 95,

560–568.
46. Diamanti A, Bizzarri C, Basso MS et al. (2010) How does

long-term parenteral nutrition impact the bone mineral

status of children with intestinal failure? J Bone Miner

Metab 28, 351–358.
47. Bridges KM, Pereira-da-Silva L, Tou JC et al. (2015) Bone

metabolism in very preterm infants receiving total

parenteral nutrition: do intravenous fat emulsions have an

impact? Nutr Rev 73, 823–836.
48. Klein GL, Alfrey AC, Miller NL et al. (1982) Aluminum

loading during total parenteral nutrition. Am J Clin Nutr

35, 1425–1429.
49. Vargas JH, Klein GL, Ament ME et al. (1988) Metabolic

bone disease of total parenteral nutrition: course after

changing from casein to amino acids in parenteral

solutions with reduced aluminum content. Am J Clin Nutr

48, 1070–1078.
50. Food and Drug Administration (2003) A Rule by the Food

and Drug Administration 65 FR 4103. https://www.federa

lregister.gov/documents/2000/01/26/00-1788/rin-0910-aa74

(accessed November 2019).

51. Nightingale JM (2003) The medical management of

intestinal failure: methods to reduce the severity. Proc

Nutr Soc 62, 703–710.

429ª 2019 The British Dietetic Association Ltd.

P. J. Allan and S. Lal Bone health in IF

https://www.iscd.org/official&hyphen;positions/2015&hyphen;iscd&hyphen;official&hyphen;positions&hyphen;adult
https://www.iscd.org/official&hyphen;positions/2015&hyphen;iscd&hyphen;official&hyphen;positions&hyphen;adult
https://www.federalregister.gov/documents/2000/01/26/00-1788/rin-0910-aa74
https://www.federalregister.gov/documents/2000/01/26/00-1788/rin-0910-aa74


52. Malik BA, Xie YY, Wine E et al. (2011) Diagnosis and

pharmacological management of small intestinal bacterial

overgrowth in children with intestinal failure. Can J

Gastroenterol 25, 41–45.
53. Karton MA, Rettmer R, Lipkin EW et al. (1989) D-lactate

and metabolic bone disease in patients receiving long-term

parenteral nutrition. JPEN J Parenter Enteral Nutr 13,

132–135.
54. Galloway D, Mezoff E, Zhang W et al. (2019) Serum

Unconjugated Bile Acids and Small Bowel Bacterial

Overgrowth in Pediatric Intestinal Failure: A Pilot Study.

JPEN J Parenter Enteral Nutr 43, 263–270.
55. Aljarallah B, Fernandes G, Jeejeebhoy KN et al. (2012) The

Canadian Home Total Parenteral Nutrition (HTPN)

Registry: vitamin K supplementation and bone mineral

density. JPEN J Parenter Enteral Nutr 36, 415–420.
56. Fusaro M, Mereu MC, Aghi A et al. (2017) Vitamin K and

bone. Clin Cases Miner Bone Metab 14, 200–206.
57. Zoch ML, Clemens TL & Riddle RC (2016) New insights

into the biology of osteocalcin. Bone 82, 42–49.
58. Azuma K, Ouchi Y & Inoue S (2014) Vitamin K: novel

molecular mechanisms of action and its roles in

osteoporosis. Geriatr Gerontol Int 14, 1–7.
59. de Vernejoul MC, Messing B, Modrowski D et al. (1985)

Multifactorial low remodeling bone disease during cyclic

total parenteral nutrition. J Clin Endocrinol Metab 60,

109–113.
60. Chu RC, Barkowski SM & Buhac J (1990) Small bowel

resection-associated urinary calcium loss in rats on long-

term total parenteral nutrition. JPEN J Parenter Enteral

Nutr 14, 64–67.
61. Hurley DL & McMahon MM (1990) Long-term parenteral

nutrition and metabolic bone disease. Endocrinol Metab

Clin North Am 19, 113–131.
62. Bengoa JM, Sitrin MD, Wood RJ et al. (1983) Amino

acid-induced hypercalciuria in patients on total parenteral

nutrition. Am J Clin Nutr 38, 264–269.
63. Hardy S & Vandemergel X (2015) Intravenous iron

administration and hypophosphatemia in clinical practice.

Int J Rheumatol 2015, 468675.

64. Bishay RH, Ganda K & Seibel MJ (2017) Long-term iron

polymaltose infusions associated with hypophosphataemic

osteomalacia: a report of two cases and review of the

literature. Ther Adv Endocrinol Metab 8, 14–19.
65. Koletzko B, Goulet O, Hunt J et al. (2005) 1. Guidelines

on Paediatric Parenteral Nutrition of the European Society

of Paediatric Gastroenterology, Hepatology and Nutrition

(ESPGHAN) and the European Society for Clinical

Nutrition and Metabolism (ESPEN), Supported by the

European Society of Paediatric Research (ESPR). J Pediatr

Gastroenterol Nutr 41(Supplement 2), S1–S4.
66. Hartman C, Shamir R, Simchowitz V et al. (2018)

ESPGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric

parenteral nutrition: Complications. Clin Nutr 37,

2418–2429.
67. Kumar PR, Fenton TR, Shaheen AA et al. (2012)

Prevalence of vitamin D deficiency and response to oral

vitamin D supplementation in patients receiving home

parenteral nutrition. JPEN J Parenter Enteral Nutr 36,

463–469.
68. Grenade N, Kosar C, Steinberg K et al. (2017) Use of a

Loading Dose of Vitamin D for Treatment of Vitamin D

Deficiency in Patients With Intestinal Failure. JPEN J

Parenter Enteral Nutr 41, 512–516.
69. Lidor C, Schwartz I, Freund U et al. (1991) Successful

high-dose calcium treatment of aluminum-induced

metabolic bone disease in long-term home parenteral

nutrition. JPEN J Parenter Enteral Nutr 15, 202–206.
70. Szczepanek K, Pedziwiatr M & Klek S (2018) Denosumab

improves bone mineral density in patients with intestinal

failure receiving home parenteral nutrition: results from a

randomized, controlled clinical trial. JPEN J Parenter

Enteral Nutr 42, 652–657.
71. Pazianas M, Compher C, Schiavone-Gatto P et al. (2006)

Intestinal failure-associated metabolic bone diseases and

response to teriparatide. Nutr Clin Pract 21, 605–609.
72. Tangpricha V, Luo M, Fernandez-Estivariz C et al. (2006)

Growth hormone favorably affects bone turnover and

bone mineral density in patients with short bowel

syndrome undergoing intestinal rehabilitation. JPEN J

Parenter Enteral Nutr 30, 480–486.
73. Jeppesen PB, Gilroy R, Pertkiewicz M et al. (2011)

Randomised placebo-controlled trial of teduglutide in

reducing parenteral nutrition and/or intravenous fluid

requirements in patients with short bowel syndrome. Gut

60, 902–914.
74. O’Keefe SJ, Jeppesen PB, Gilroy R et al. (2013) Safety and

efficacy of teduglutide after 52 weeks of treatment in

patients with short bowel intestinal failure. Clin

Gastroenterol Hepatol 11(815–823), e811–813.
75. Schiellerup SP, Skov-Jeppesen K, Windelov JA et al.

(2019) Hormones and Their Effect on Bone Metabolism.

Potential Drug Therapies in Future Osteoporosis

Treatment. Front Endocrinol (Lausanne) 10, 75.

430 ª 2019 The British Dietetic Association Ltd.

Bone health in IF P. J. Allan and S. Lal


