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Strengths and limitations of this study

 ► This study will provide information on maternal
night-eating pattern during pregnancy and its as-
sociation with glycaemic outcomes, which will be
useful to healthcare professionals and the pregnant
population in the effort of glycaemic control.

 ► This study comprehensively assesses the night-eat-
ing pattern, glycaemic profile and lifestyle factors of
pregnant women.

 ► Given the participants are recruited from a single
hospital, the sample may not be considered repre-
sentative of all pregnant women in Singapore.

AbStrACt
Introduction Coordinating eating schedules with day–
night cycles has been shown to improve glucose regulation 
in adults, but its association with gestational glycaemia 
is less clear. A better understanding on how eating time 
can influence glucose levels in pregnancy may improve 
strategies for gestational glycaemic control. This study 
aims to examine the association of maternal night-eating 
pattern with glucose tolerance in the second trimester of 
pregnancy, and to investigate how lifestyle factors may be 
related to night-eating pattern.
Methods and analysis This is an observational 
longitudinal study that targets to recruit 200 pregnant 
women at 18–24 weeks’ gestation from the KK Women’s 
and Children’s Hospital in Singapore. Data collection 
includes sociodemographics, lifestyle habits and obstetric 
information. Maternal dietary intake is collected using the 
4-day food diary and food frequency questionnaire; while
24-hour physical activity, sedentary behaviour, sleep and
light exposure are captured using the accelerometer at
18–24 weeks’ gestation. Continuous glucose monitoring
at 18–24 weeks’ gestation, oral glucose tolerance test
and insulin test at 24–28 weeks’ gestation are performed
to assess glycaemic outcomes. Multivariable generalised
linear models will be used to analyse the association of
maternal night-eating pattern (consumption of meal and
snack during 1900–0659 hours) with glycaemic measures, 
and the associated factors of night-eating pattern, 
controlling for potential confounders. Recruitment began in
March 2019 and is estimated to end in November 2020.
Ethics and dissemination Ethical approval has been
granted by the Centralised Institutional Review Board of
SingHealth, Singapore (reference 2018/2529). The results
will be presented at conferences and disseminated in
journal articles.
trial registration number NCT03803345

IntroduCtIon
Over time, humans have evolved to keep time 
with the earth’s repeated light–dark cycles. 
These day–night rhythms orchestrate critical 
aspects of human physiology, from cell signal-
ling to cellular metabolism; as well as influ-
ence habitual aspects of human behaviour, 
including activity, sleep and energy consump-
tion.1 The alignment of eating time with 

the body’s circadian rhythms, known also as 
circadian eating, has been shown to improve 
glucose tolerance,2 suggesting that circa-
dian dietary strategies may be a useful way to 
maintain metabolic health. Pregnant women 
belong to a high-risk population vulnerable 
to hyperglycaemia and its consequences. In 
Singapore, 20% women develop gestational 
diabetes mellitus (GDM).3 Even at glucose 
concentrations below the diagnostic cut-off 
for GDM, risks of adverse perinatal outcomes 
can occur, and these risks increase continu-
ously in association with rising glucose levels 
during pregnancy.4 Effective interventions to 
improve glycaemic control in pregnancy are 
urgently needed.

Although it is known that food quantity and 
quality influence GDM development,5 the 
effect of circadian eating pattern,6 specifically 
evening meal intake and nocturnal snacking 
behaviour on glucose regulation in preg-
nancy, remains an important gap of knowl-
edge. In the general population, late-eating 
or night-eating has been associated with less 
healthy eating and more snack intake,7 which 
may be related to metabolic disorders.8 It 
was found that women with GDM were more 
likely to snack at night compared with those 
of normal glucose tolerance.9 Based on the 
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Figure 1 Flow diagram of the study design. OGTT, oralglucose tolerance test.

latest nutritional guidelines from the Academy of Nutri-
tion and Dietetics, a new recommendation on meal and 
snack distribution has been included where women with 
GDM are encouraged to have three meals and two or 
more snacks per day.10 However, this recommendation 
did not consider the effect of day–night or circadian 
cycles, and it was formed based on a consensus approach 
rather than with supportive evidence.

Therefore, our motivation is to develop an under-
standing of the role of circadian timing for meals and 
snacks on blood glucose levels during pregnancy, which is 
potentially a modifiable behaviour for glycaemic control. 
The aims of this study are (1) to examine the associa-
tion of maternal night-eating pattern from the aspect of 
amount and frequency of meals and snacks with glucose 
tolerance in the second trimester of pregnancy and (2) to 
investigate how lifestyle factors, specifically daily physical 
activity, sedentary behaviour, sleep, diet quality and light 
exposure may be related to night-eating pattern. These 
lifestyle factors may influence the association between 
night-eating pattern and glycaemic measures; yet have 
not been evaluated previously. The central hypothesis 
is that small evening meals and less frequent snacking 
at night are associated with better glucose tolerance at 
24–28 weeks’ gestation—a period when the screening for 
GDM is usually done, compared with those with larger 
evening meals and more frequent snacking at night.

MEthodS And AnAlySIS
Study design
This is an observational longitudinal study, where preg-
nant women at 18–24 weeks’ gestation are recruited and 
followed until delivery. An overview of the study proce-
dures is illustrated in figure 1.

Participants and recruitment
This study is conducted at KK Women’s and Children’s 
Hospital (KKH), Singapore. KKH houses the largest 
Obstetrics and Gynaecology department in Singapore, 
with over 10 000 (≈30%) live births recorded annually. 
A non-probability (convenience) sampling method is 
used to recruit pregnant women who attend scheduled 

antenatal clinic appointments at KKH. Instead of all ante-
natal clinics, we only target at one specific clinic with a 
greater number of potential participants to perform 
the recruitment due to restricted manpower. We expect 
the response rate to be 25%–35%. Those who meet the 
selection criteria are invited to participate in this study. 
Recruitment began in March 2019 and is estimated to 
end in November 2020.

The sample comprises pregnant women between 18 
and 24 weeks’ gestation at recruitment, age ≥18 years, who 
are Singapore citizens or Singapore permanent residents, 
plan to continue antenatal care at KKH, intend to deliver 
at KKH and able to provide written informed consent. 
Excluded women are those with diabetes in pregnancy at 
recruitment as confirmed by the oral glucose tolerance 
test (OGTT), have pre-existing type-1 or type-2 diabetes, 
on routine night-shift work for at least 3×/week currently 
or in the last month, use of anticonvulsant medications/
oral steroids currently or in the last month, and with 
known or suspected allergy to medical grade adhesives. 
We also exclude pregnant women with chronic kidney 
disease, preeclampsia and multiple pregnancy due to 
lack of evidence to support accuracy of using continuous 
glucose monitoring system (CGMS) (Freestyle Libre Pro, 
Abbott, Germany) among these patients. Participants 
who develop a miscarriage or undergo a termination 
event, unable to comply with the study protocol or wish to 
discontinue participation are withdrawn from the study.

Recruitment brochures that contain general information 
of the study are placed in the antenatal clinics. During the 
recruitment process, trained research staff inform potential 
women of the study both verbally and with written infor-
mation. Women who are agreeable to participate provide 
written informed consent. Those who decline to participate 
continue to receive their hospital antenatal care as usual, 
and care provided to each pregnant woman is not affected 
nor influenced by the woman’s decision to either partici-
pate or not participate in the study.

Study procedures
Study visits (recruitment and follow-up visits) of this 
study are determined based on maternal antenatal 
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appointment schedules. After providing written informed 
consent at the recruitment visit (18–24 weeks’ gestation), 
enrolled participants are interviewed for information on 
sociodemographics and lifestyle habits. At the same visit, 
participants are provided with a food diary to record 4-day 
dietary intake. All participants are also asked to wear a 
CGMS sensor on the back of their upper arm to measure 
24-hour glucose levels over 10 consecutive days, and an
accelerometer on the wrist to capture their 24-hour phys-
ical activity pattern, sedentary behaviour, sleep and light
exposure over 10 consecutive days.

At 24–28 weeks’ gestation, participants undergo a 75 g 
OGTT (0, 60 and 120 min) along with fasting insulin test. 
During the same period, research staff conduct an inter-
viewer-administered online food frequency questionnaire 
(FFQ) in the antenatal clinic to assess maternal food 
intake over the last 1 month. After delivery, research staff 
retrieve medical notes to document obstetric outcomes.

Sample size
The sample size was calculated based on estimate of 
correlation coefficient between maternal circadian eating 
time and plasma glucose at mid/late pregnancy from 
previous studies.6 11 Based on two-sided significance level 
set at 5% and with 80% power, 123 pregnant women are 
required to detect a minimum correlation coefficient 
of 0.25 between night-time caloric intake and plasma 
glucose. Assuming that variance inflation factor arising 
from covariate adjustment is 1.5 and with a dropout rate 
of 10%, the total sample size required for primary aim is 
200 pregnant women.

Study measurements
Baseline sociodemographic information and poten-
tial confounding variables are collected through 
questionnaires at visit 1. These include age, ethnicity 
(Chinese, Malay, Indian, others), education (none, 
primary, secondary, tertiary), occupation (unemployed, 
employed), smoking status (never, past smoker, active 
smoker, passive smoker), alcohol consumption (never, 
monthly, weekly, daily), nausea/ vomiting (no, moderate, 
severe, very severe), meal regularity, electronic media use 
before bedtime and mood. Health and obstetric histories 
are obtained from the electronic medical notes. Table 1 
shows the details of the types of data that are collected in 
this study.

Exposure measures
Night-eating pattern
At visit 1, the research staff guide the participants to 
fill out the 4-day food diary (3 weekdays and 1 weekend 
day). Participants are required to record the time, 
type, description and amount of food and beverages 
consumed throughout the day. Pictures of household 
measuring utensils and various food portion sizes are 
printed in the food diary to assist participants in quan-
tifying their food intake. In the case that food diary 
is not able to be filled up by the participant, research 

staff conduct 24-hour recall for dietary data collection 
through phone interview.

Nutrient analysis of dietary records will be performed 
using the Dietplan (Forestfield Software, UK), which 
contains a local food composition database. Based on the 
evidence showing that sunlight is a strong environmental 
signal for the human circadian clock,12 we determine 
daytime and night-time periods according to the local 
time of sunrise (~0700 hours) and sunset (~1900 hours),6 
which are relatively consistent throughout the year given 
Singapore’s equatorial position (1.3°N, 103.8°E).13 With 
that, night-eating pattern will be assessed based on the 
amount and frequency of meals and snacks during 
1900–0659 hour.

diet quality
Diet quality will be derived from a 125 food items elec-
tronic graphic FFQ at visit 2, where the Healthy Eating 
Index will be calculated. This FFQ is adapted from the 
paper-based FFQ used by the National Nutrition Survey 
2010.14 Participants are required to indicate frequency 
of foods consumed in the last 1 month, by selecting one 
out of six frequency options ranging from ‘1–3 times per 
month’ to ‘2–3 times per day’. Individual portion size is 
asked for each food, and pictures of the various portion 
sizes are provided for more accurate quantification.

Physical activity, sedentary behaviour, sleep and light 
exposure
The Actigraph wGT3X-BT (Actigraph LLC, Pensacola, 
Florida, USA) is used to objectively monitor 24-hour 
physical activity, sedentary behaviour, sleep and light 
exposure.15 16 The wGT3X-BT is a triaxial accelerometer 
designed to record continuous high-resolution phys-
ical activity and sleep/wake information. It includes an 
integrated ambient light sensor that delivers lux values 
alongside activity information. Lux is a measure of light 
intensity. At visit 1, participants wear the device on their 
non-dominant wrist for 10 consecutive days. The device 
does not have to be removed during aquatic activities or 
showering. An information sheet describing how to wear 
the device correctly is provided. The actigraphy data will 
be downloaded using the ActiLife software and processed 
using the R package GGIR.17 Variables such as energy 
expenditure (MET-min/day), sleep/ wake parameters 
(total sleep time, total wake time and number of awaken-
ings) and amount of light exposure (Lux) will be derived 
from the actigraphy data.

Questionnaires on physical activity, sedentary 
behaviour, sleep and light exposure are also adminis-
tered at the same visit. Participants are interviewed using 
the modified International Physical Activity Question-
naire-Short Form (IPAQ-SF) to self-report their physical 
activity in the last 7 days.18 The modified questionnaire 
evaluates the vigorous physical activity, the moderate 
physical activity and the walking time. We removed 
question asking about the sitting time from the original 
IPAQ-SF and included it in the questionnaire used to 
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Table 1 Data collection in the study

Data Visit 1 (18–24 weeks’ gestation) Visit 2 (24–28 weeks’ gestation) After delivery

Informed consent √

Eligibility criteria √

Baseline characteristics

 Educational attainment √

 Occupation √

 Ethnicity √

 Prepregnancy body mass index √

 Smoking status √

 Alcohol intake √

 Nausea/vomiting √

Questionnaires

 Physical activity √

 Sedentary behaviour √

 Sleep habit √

 Light exposure √

 Electronic media use before bedtime √

 Mood √

Actigraphy monitoring √

Diet

 Meal regularity √

 Food diary √

 Food frequency questionnaire √

Glycemic measures

 Continuous glucose monitoring √

 Oral glucose tolerance test √

 Fasting insulin test √

Obstetric information

 Gestational weight gain √

 Obstetric history √

 Delivery outcomes √

 Pregnancy complications √

 Birth outcomes √

assess sedentary behaviour. The data will be computed 
in metabolic equivalents (MET-min/week) scores. 
Questionnaire on sedentary behaviour which is modi-
fied from the Adult Sedentary Behaviour Questionnaire 
is performed.19 The questionnaire evaluates time spent 
sedentary in the last 7 days, including sitting time at 
work, sitting/lying down time to watch television, to 
use electronic devices at mealtimes, while driving or 
reading. Participants also self-administer the Pittsburgh 
Sleep Quality Index questionnaire to assess their sleep 
habits in the last month,20 and the Harvard Light Expo-
sure Assessment questionnaire to assess their main light 
sources exposure in hourly basis on a typical weekday 
and weekend day.21

outcomes measures
The main outcome of this study is plasma glucose levels as 
assessed by OGTT after visit 1, routinely between 24 and 
28 weeks’ gestation. The secondary outcomes include 
glycaemic variability based on continuous glucose moni-
toring profile, insulin level, GDM development, gesta-
tional weight gain (GWG), delivery and birth outcomes.

oGtt and insulin test
Participants undergo a 75-g OGTT after an overnight fast 
of 8–10 hours at visit 2. This is a routine universal test for 
all pregnancies at KKH. The procedures of fasting and 
OGTT are explained by the research staff and nurses in 
the antenatal clinic before visit 2. Venous fasting plasma 
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glucose and insulin, 1-hour and 2-hour postload plasma 
glucose levels are measured in the KKH lab. The partici-
pants are informed of their OGTT results by the attending 
doctors during their subsequent antenatal visits. Any 
abnormal findings are treated as per clinical practice. 
GDM is defined according to the WHO 2013 criteria.22

Continuous glucose monitoring
A 10-day continuous glucose monitoring for assessment 
of glycaemic variability is initiated at visit 1 by using the 
FreeStyle Libre Pro Flash Glucose Monitoring System 
(Abbott, Germany). The CGMS sensor is applied on 
the back of upper arm. No calibration for the sensor is 
required throughout the 10-day period. Readings from 
the CGMS are unavailable to participants in real time 
to avoid bias that may arise from unmasked, real-time 
glucose readings. We do not perform this procedure at 
visit 2 as if the participant is diagnosed with GDM, they 
will receive dietary counselling and/or insulin treatment 
which can alter the CGMS readings.

Gestational weight gain
Research staff retrieve maternal weight at every antenatal 
visit from the medical notes after delivery. Total and rate 
of GWG (GWG per week) will be computed. Classifica-
tion of GWG will be performed according to the Institute 
of Medicine’s guidelines.23

delivery and birth outcomes
Research staff retrieve information on delivery and birth 
outcomes from the medical notes after delivery.

Statistical analysis
We will perform statistical analyses using the SPSS statis-
tical package or Stata Statistical Software. Multivariable 
generalised linear models will be used to examine the 
associations of maternal night-eating pattern (eg, amount 
of last meal consumption in kcal, number of nightly 
snacking episodes) with glycaemic measures, GWG and 
obstetric outcomes, adjusting for potential covariates. We 
will define night-time based on the period between 1900 
and 0659 hours (from sunset to sunrise) as described 
above. We will also perform additional analysis to further 
define night-time based on different criteria (eg, after 
20:00 or 21:00) to explore result differences.

Selection of covariates will be determined from liter-
ature review, directed acyclic graph and/or observed 
statistical significance associations with exposures and 
outcomes. In view of the relation between night-fasting 
and plasma glucose as reported previously,6 effect of 
night-fasting duration will therefore be considered and 
adjusted in the model. Multivariable generalised linear 
models will also be used to examine associations of phys-
ical activity, sedentary behaviour, sleep, diet quality and 
light exposure with night-eating pattern, controlling for 
potential covariates.

We will conduct stratified analyses to assess potential 
effect modification by maternal age and prepregnancy 
body mass index. We will evaluate the significance of effect 

modification on the multiplicative scale by including an 
interaction term (night-eating pattern × age or night-
eating pattern × prepregnancy body mass index) in the 
model.

We will impute missing data using multiple imputation 
analyses by chained equations.24 The number of imputa-
tions will be determined based on percentage of missing 
values25 and results of total imputations will be pooled 
using Rubin’s rule.26 To evaluate whether the imputation of 
missing data may have affected the results, we will perform 
sensitivity analyses on participants with complete data.

Quality control
The research staff received training on how to perform 
study procedures, including administration of question-
naires, food diary and FFQ, handling of CGMS device 
and accelerometer. The research staff were required to 
complete the competency assessments to ensure data 
quality before conducting the procedures in this study. 
Monthly meetings are held with the principal investigator 
to review study procedures and data collected. An annual 
report on study progress will be prepared.

data monitoring and management
Participants are anonymised and assigned with a specific 
ID at study entry. Data are managed using the Research 
Electronic Data Capture electronic data capture tool. To 
ensure accuracy and completeness of data entry, data are 
checked by identifying if there is any outlier or missing 
value. The data checking process is performed in the first 
3 months of the study and so on, such that the experi-
ence gained can be used to train the research staff for 
improvement. Paper documents are kept in a locked 
cabinet and electronic data are stored on password-pro-
tected computers or hard-disk drives which can only be 
accessed by research team members. All records will be 
kept for at least 6 years after completing the study.

Patient and public involvement
The research questions, exposure and outcome measures 
were determined based on the evaluation of knowledge 
gap as identified from literature review, and through 
discussions with clinicians, researchers and healthcare 
staff who have been involved in maternal child care. 
Although participants did not directly contribute to the 
development of research questions and the study design, 
their needs and preferences were considered throughout 
the process. Participants will be informed for their blood 
test results. Findings of the study will be disseminated to 
participants at their request.

EthICS And dISSEMInAtIon
Participants sign a written informed consent and are 
provided with written information about the study. This 
study is conducted according to the Helsinki Declara-
tion. When there are any changes in the study protocol 
or instruments used during the study period, further 
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ethical approval is sought, follow by reconsenting the 
participants whenever necessary. Previously collected 
data which are not able to be matched with the current 
data as collected using the latest revised version will be 
removed and treated as missing variable, if data recollec-
tion is not possible. This study has been registered at  Clin-
icalTrials. gov. Findings of the study will be presented at 
conferences and disseminated in peer-reviewed journals. 
Media releases will be considered to maximise visibility of 
the findings to the general public.

dISCuSSIon
This protocol outlines the rationale and design of an 
observational longitudinal study that aims to examine 
the associations of night-eating pattern with glycaemic 
measures and obstetric outcomes among pregnant 
women in Singapore. Lifestyle factors associated with 
night-eating pattern are evaluated. Data from this study 
will contribute to narrow the gap in knowledge related to 
maternal night-eating pattern during pregnancy, which 
has received relatively less attention in the literature 
compared with general adult population.

The strengths of the study include comprehensive 
assessment of maternal diet using 4-day food diary and 
FFQ, providing a representative estimate of habitual 
dietary intake. The use of accelerometer allows detailed 
investigations and objective measures for physical 
activity, sedentary behaviour, sleep and light exposure, 
to enhance data accuracy. Other than using OGTT and 
insulin response as the glycaemic outcomes, this study 
also describes maternal glycaemic variability based on 
continuous glucose monitoring profile, giving us the 
opportunity to understand the gestational glucose 
patterns which may independently contribute to GDM-re-
lated complications.27

This study may be limited by its external validity as it 
only includes participants from one hospital in Singapore. 
The use of non-probability sampling method to recruit 
participants may introduce selection bias; however, this is 
restricted by the practical and feasible recruitment mech-
anism at the study site. Therefore, caution is required to 
extrapolate the findings to general pregnant population. 
Nevertheless, KKH houses the largest public maternity 
unit in Singapore, and manages ~30% of all live births 
in Singapore, across a wide sociodemographic spectrum. 
To check for generalisability of findings, we will explore 
for differences by comparing basic demographic data 
obtained from this study with data available from other 
studies involving larger population of pregnant women 
in Singapore.28

This study aims to serve as a baseline reference for plan-
ning interventional clinical trial to examine the effect 
of aligning eating time with day-night cycles on glucose 
regulation and GDM risk in pregnancy. This may help to 
develop evidence-based recommendations on maternal 
nutrition related to meal and snack distribution, in order 
to improve gestational glycaemic control, reduce the risk 

of GDM, and thus improving pregnancy and childhood 
outcomes. Also, this study may have public health impli-
cations as night-eating has become a common practice 
and habit among urban communities.
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