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Abstract

Little is known about the influence of meal timing and caloric consumption patterns throughout
the day on glucose regulation during pregnancy. We examined the association of maternal feeding
patterns with glycaemic levels among lean and overweight pregnant women. In a prospective
cohort study in Singapore, maternal 24-hour dietary recalls, fasting glucose (FG) and 2-hour
postprandial glucose (2HPPG) concentrations were measured at 26-28 weeks’ gestation. Women
(n=985) were classified into lean (BMI<23 kg/m?) or overweight (BMI=23 kg/m?) group. They
were further categorized as predominantly day-time (pDT) or predominantly night-time (pNT)
feeders according to consumption of greater proportion of calories from 0700 to 1859h or from
1900 to 0659h respectively. On stratification by weight status, lean pNT feeders were found to
have higher FG than lean pDT feeders (4.36+0.38mmol/l vs 4.22+0.35mmol/l, p=0.002); however,
such difference was not observed between overweight pDT and pNT feeders (4.49+0.60mmol/l vs
4.46+0.45mmol/l, p=0.717). Using multiple linear regression with confounders adjustment, pNT
feeding was associated with higher FG in the lean group (B = 0.16mmol/l; 95% confidence
interval (CI) = 0.05 to 0.26; p=0.003), but not in the overweight group (f = 0.02mmol/l; Cl =
-0.17 to 0.20; p=0.879). No significant association was found between maternal feeding pattern
and 2HPPG in both lean and overweight groups. In conclusion, predominantly night-time feeding
was associated with higher FG concentration in lean but not in overweight pregnant women,
suggesting there may be an adiposity-dependent effect of maternal feeding patterns on glucose
tolerance during pregnancy.

Keywords
Feeding patterns; glycaemic levels; overweight; pregnancy; meal timing

Introduction

Insulin sensitivity decreases with advancing pregnancy, leading to abnormalities in glucose
homeostasis(1). Compared to lean or average weight women, overweight and obese women
have a greater reduction in insulin sensitivity, resulting in higher risk of developing glucose
intolerance during pregnancy(1). A body of literature demonstrated that the influence of
maternal glucose concentrations on adverse perinatal outcomes extends throughout the range
of glycaemia(2, 3). Thus, improvement in glycaemic levels during pregnancy, even among
non-diabetic women, is expected to alleviate a number of detrimental health consequences in
mothers and offspring(2). Currently, the use of dietary modification to control or improve
maternal glycaemic levels has mostly focused on overall diet quantity and quality(4).
Nevertheless, an elemental aspect of the diet which relates to the timing of feeding and the
circadian pattern of food consumption has largely been ignored. In view of the fact that both
food and light are powerful signals that entrain our body’s circadian clocks which control
daily physiological events(5), it is possible that timed feeding could serve as an important
mean to improve glucose tolerance.

Emerging evidence describing the metabolic risk of shift-work, circadian misalignment and
clock genes polymorphisms imply that inappropriate meal timing may induce impairment of
glucose metabolism(5, 6). Glucose tolerance and insulin secretion have been shown to
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oscillate in a diurnal fashion, with the lowest insulin sensitivity and pancreatic islet p-cell
responsiveness to glucose in the evening(7). It has been documented that time of the day
alters glucose profile following meal consumption, depending on the ability of timed feeding
to synchronise local circadian rhythms(8). The overall effect of feeding on circadian system
appears to involve both the timing and quantity of food consumption(8). In adult population,
higher glycaemic levels and insulin resistance were found in those with greater caloric
consumption in the evening than morning despite similar total calorie intake for the entire
day(9, 10).

In pregnant women, little information is available on physiological adaptations of the
circadian system to pregnancy(11). Much less is known about the response of this circadian
system to environmental disturbance(11). Maternal feeding rhythm over a 24-hour day/ night
cycle and the effects of timed feeding on metabolic outcomes during pregnancy are not
widely explored. At present, there had been only one study that examined the association of
meal timing with glucose metabolism during pregnancy(12). In this study of low-income
African American pregnant women, caloric consumption during night-time was inversely
associated with dynamic p-cell response at late pregnancy(12). When further analysis was
done by stratifying women into normal and obese group based upon their weight status in
early pregnancy, night-time caloric consumption remained inversely associated with
dynamic p-cell response in the obese group, but not in the normal weight group(12).
However, generalizability of these findings may be limited by specific population
demographics and distinctive diet quality.

Altogether at this point, it is not known if consuming calories predominantly at night-time
may further exacerbate the effect on insulin insensitivity during pregnancy and how this
association may vary in response to different weight status. Growing Up in Singapore
Towards healthy Outcomes (GUSTO) is a mother-offspring cohort study designed to test
hypotheses related to the developmental pathways to metabolic diseases in Chinese, Malay
and Indian populations(13). Here we asked the question as whether the feeding patterns of
women based on the timing of caloric consumption throughout the day during pregnancy
could influence maternal glycaemic levels in a multi-ethnic Asian context. We hypothesized
that consuming higher calories at night-time was associated with higher glucose
concentrations in pregnant women who were overweight as this group of women were more
susceptible to insulin resistance compared to lean women.

Study participants

Details of the GUSTO cohort study have been reported previously(13). In brief, pregnant
women (18 year old and older) in their first trimester (<14 weeks’ gestation) were recruited
from KK Women’s and Children’s Hospital (KKH) and National University Hospital
(NUH), between June 2009 and September 2010. The inclusion criteria included Singapore
citizens or permanent residents who were of Chinese, Malay or Indian ethnicity with
homogeneous parental ethnic background. Women receiving chemotherapy, psychotropic
drugs or with type 1 diabetes mellitus were excluded. All women provided their written
consent. The Domain Specific Review Board of Singapore National Healthcare Group
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(reference D/09/021) and the Centralised Institutional Review Board of SingHealth
(reference 2009/280/D) approved the GUSTO study protocol.

Data collection

Detailed interviews were conducted in the clinics at recruitment and at 26-28 weeks’
gestation. Data on socioeconomic status, educational attainment, physical activity and sleep
duration were collected. Three types of physical activity were assessed, including light-
moderate, moderate and vigorous intensity activities. Total score of physical activity was
computed from the summation of the duration (in minutes) and frequency (days) of these
three types of activity. The score was expressed in metabolic equivalents (MET-minutes/
week)(14). Actual sleep duration at night was recorded using Pittsburgh Sleep Quality Index
(PSQI) questionnaire(15).

Anthropometric measurements

Maternal height was measured with a stadiometer (Seca 206, Hamburg, Germany). Self-
reported pre-pregnancy weight and measured weight at first antenatal visit (<14 weeks of
gestation) were collected. Body mass index (BMI) was computed from weight (kg)/ height
(m2). Women were classified as lean (BM1<23 kg/m?2) or overweight (BMI1=23 kg/m2) based
on BMI cut-off points for Asian populations(16). Strong agreements were observed between
pre-pregnancy and first antenatal visit weight status (Cohen’s kappa =0.82, p<0.001). Owing
to some missing data for pre-pregnancy BMI (n=62, 6.3%), maternal weight status
classification based on BMI at first antenatal visit was used for analysis.

Dietary assessments

A 24-hour dietary recall was administered via face-to-face by trained clinical staff at 26-28
weeks’ gestation using the 5-stage, multiple-pass interviewing technique(17) which includes
reporting an uninterrupted listing of all food and beverages consumed, answering a forgotten
food list tailored for local population, providing details of time, occasions and descriptions
of foods and amounts eaten and a final probe review. Standardized household measuring
utensils and food pictures of various portion sizes were used to assist women in quantifying
their food and beverage intakes. Daily energy and macronutrient intakes were assessed using
a nutrient analysis software (Dietplan, Forestfield Software) with a food composition
database of locally available foods(18) and modifications made on inaccuracies found. For
mixed dishes not found in the local database, nutrient analyses of recipes were conducted
with the use of the nutrient software. For other food items not found in the database, nutrient
information was obtained from either food labels or the USDA national nutrient
database(19).

Feeding patterns

Sunlight has been reported as a strong environmental signal for human circadian clock(20).
In Singapore (1.3° North, 103.8° East)(21), sunrise and sunset occur at ~0700h and ~1900h
respectively throughout the year, with fairly constant daylength of 12 hours all year
round(22). Therefore, we categorized women as (i) predominantly day-time (pDT) feeders
who consumed more than 50% of total energy intake from 0700 to 1859h (from sunrise to
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sunset), and (ii) predominantly night-time (pNT) feeders who consumed more than 50% of
total energy intake from 1900 to 0659h (from sunset to sunrise).

Glucose concentrations

An overnight fasting blood samples were drawn at 26-28 weeks’ gestation. At the same visit,
women underwent 75g Oral Glucose Tolerance Test (OGTT). Fasting glucose (FG) and 2-
hour postprandial glucose (2HPPG) concentrations were measured by colorimetry [Advia
2400 Chemistry system (Siemens Medical Solutions Diagnostics) and Beckman LX20 Pro
analyzer (Beckman Coulter)].

Statistical analyses

Results

Differences in maternal characteristics between included and excluded women in this study,
as well as lean and overweight women were compared using Pearson’s Chi-square test for
categorical variables or independent t-test for continuous variables. The interaction effect
between BMI status and feeding pattern on glucose concentration was tested. Multivariate
linear regression analysis was performed to assess the associations between feeding patterns
and glucose concentrations, adjusting for confounders. The confounding variables included
maternal age, education, ethnicity, physical activity, sleep duration and total energy intake.
These confounders were selected a priori based on literature review(12, 23, 24). Total energy
intake was adjusted for using standard multivariate approach(25) in order to examine the
association of feeding pattern with glucose concentration in an isocaloric condition. In view
of the difference in carbohydrate intake between groups, additional adjustment for
proportion of carbohydrate was performed. All statistical analyses were performed using
IBM SPSS statistics, Version 20 (USA). Two-sided tests were used. A value of p<0.05 was
considered statistically significant.

Participant characteristics

Of the 1237 recruited singleton pregnant women, 79 (6.4%) had incomplete 24-h dietary
recalls, 146 (11.8%) missed their blood glucose tests, 154 (12.4%) did not have their first
antenatal recorded weights. We further excluded women with implausible energy intake(26,
27), which was <500 kcal/day (n=4) and >3500 kcal/day (n=10), leaving a final sample of
985 women in this study. No statistically significant differences in characteristics were
observed between included and excluded pregnant women (Supplement 1).

The study sample included a higher proportion of lean (54.2%) than overweight (45.8%)
women. Overall, there were 838 (85.1%) pDT feeders and 147 (14.9%) pNT feeders. The
hourly caloric consumption patterns throughout the day for these two groups of feeders were
presented in Figure 1. A substantial rise in caloric consumption was observed during
1900-1959h for pNT feeders. The proportions of pDT and pNT feeders were not
significantly different between lean and overweight women (p=0.553). The majority of the
lean women were Chinese (p<0.001), attained higher education (p<0.001) and slept for
longer duration at night (p=0.043) as compared to overweight women. The majority of the
overweight women were multiparous (p=0.004), diagnosed with gestational diabetes
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mellitus (p<0.001), had higher FG (p<0.001) and 2HPPG concentrations (p<0.001),
consumed lower total daily energy (p<0.001) but with similar proportions of protein
(p=0.592), fat (p=0.174) and carbohydrate intakes (p=0.401) as compared to lean women.
There were no differences in the level of physical activity between these two groups of
women (p=0.717). Maternal characteristics were similar between pDT and pNT feeders,
except total energy intake and proportion of carbohydrate intake which were significantly
higher in pDT feeders, while proportion of fat intake which was significantly higher in pNT
feeders (Table 1).

A statistical trend towards significance was observed for interaction between BMI status and
feeding pattern on FG (p=0.056), but not on 2HPPG (p=0.315). Lean pNT feeders were
found to have higher FG than lean pDT feeders (4.36+0.38mmol/l vs 4.22+0.35mmol/l,
p=0.002); however, such difference was not observed between overweight pDT and pNT
feeders (4.49+£0.60mmol/l vs 4.46+0.45mmol/l, p=0.717). For 2HPPG, there were no
significant differences between pDT and pNT feeders in both lean (6.32+1.36mmol/l vs
6.22+1.58mmol/l, p=0.564) and overweight groups (6.86+1.58mmol/l vs 6.49+1.52mmol/I,
p=0.078). With respect to the proportions of daily macronutrient intake, no significant
differences were found between pDT and pNT feeders, apart from a lower proportion of
carbohydrate intake among pNT feeders in the overweight group (Table 2).

Associations between maternal feeding patterns and glucose concentrations

Table 3 shows the association between maternal feeding pattern and glucose concentration.
An association of pNT feeding with higher FG was observed in the lean group (f =
0.16mmol/l; 95% confidence interval (CI) = 0.05 to 0.26; p=0.003), but not in the
overweight group (B = 0.02mmol/l; Cl =-0.17 to 0.20; p=0.879) after adjusting for maternal
age, education, ethnicity, physical activity, sleep duration and total energy intake (Table 3).
Similar findings were obtained after further adjustment for proportion of carbohydrate intake
(lean group: B = 0.15mmol/l; 95% CI = 0.05 to 0.26; p=0.003; overweight group: p =
0.02mmol/l; 95% CI = -0.17 to 0.21; p=0.842). On the other hand, no significant association
was found between maternal feeding pattern and 2HPPG in both lean and overweight groups
(lean group: B = -0.24mmol/l; 95% CI = -0.64 to 0.16; p=0.232; overweight group: p =
-0.31mmol/l; 95% CI = -0.83 to 0.21; p=0.246).

Discussion

In this large multi-ethnic cohort, we showed that one in seven pregnant women were pNT
feeders in the late second trimester. We found that pNT feeders were positively associated
with higher FG concentration in women who were lean at the start of pregnancy. In contrast,
such an association was not observed in overweight women. These findings are at odds with
our hypothesis and suggest that risk of glucose intolerance was more susceptible to feeding
pattern only in lean women. In overweight women, feeding pattern had no significant effect
on glucose metabolism.

Few studies have examined the timing of daily energy intake with glucose regulation. A
clinical trial of Spanish women showed that delaying meal timing resulted in decreased
carbohydrate oxidation and glucose tolerance(28). In an experimental study among Israel
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women, fasting glucose and insulin resistance were higher in participants with high-caloric
dinner (1800-2100h) intake than those with high-caloric breakfast (0600-0900h) intake after
a 12 week intervention, despite consuming an isocaloric diet on a daily basis(10). These
findings are similar to our results which demonstrated that those lean women who consumed
greater proportion of calories at night were more likely to exhibit higher fasting glucose
concentrations. In support of this, previous reports have indicated there is a progressive
reduction of insulin sensitivity, B-cell response and glucose tolerance throughout the day,
with insulin sensitivity reaching a nadir at night time(7, 9, 29). A recent study with the
sample size of 40 African American women found that night-time (2000-0559), but not day-
time (0600-1959h), caloric consumption was inversely associated with dynamic p-cell
response, but not with glucose tolerance or insulin action during late pregnancy(12).

A previous report found that glucose tolerance declined in the evening in normal weight
adults, but such rhythm was absent in the obese(29). It was suggested that the marked
suppression of insulin sensitivity in the morning in obese subjects may lead to failure for
detection with further reduction in insulin sensitivity(29). This may probably explain the
reason of why overweight pNT feeders in our study did not show significant difference in
glycaemic response related to feeding patterns. It is therefore speculated that diurnal rhythm
in insulin sensitivity and secretion may be adiposity dependent. Specifically, we showed that
FG but not 2HPPG concentration was associated with feeding patterns. This suggests that 2-
hour glucose measurement is less likely able to be influenced by the timed feeding, although
the variability of 2-hour glucose measurement was larger than fasting glucose. Nonetheless,
as we did not ascertain any glucose measurements between FG and 2HPPG, we were unable
to determine the post-OGTT response using the trapezoid method(30) which serves as a
better indicator for glucose tolerance.

Limited research has been conducted to examine the diet quality in those with delayed
temporal distribution of food intake(31). With respect to the daily macronutrient distribution,
overweight pNT feeders had lower proportion of carbohydrate consumption than their
counterpart. This is consistent with a report which indicated an association between evening
chronotypes and less carbohydrate consumption(32). Such difference in carbohydrate intake
did not seem to attenuate the association between feeding pattern and FG in the overweight
group. Similar result remained with adjustment for proportion of carbohydrate intake in the
model. In contrast to these observations, two studies reported no differences in the daily
macronutrient distribution between early and late-eaters(33, 34), which is similar to our
findings in lean women. Altogether, this suggests that the association between feeding
patterns and glucose concentration may not be confounded by diet quality in terms of
macronutrient distribution.

This study provides an insight into the influence of feeding patterns on glycaemic levels in a
large sample of pregnant Asian women. However, our findings had been limited by the lack
of data on serum insulin concentrations, dietary glycaemic index and maternal genotype,
which would have allowed the assessment on insulin sensitivity, quality of carbohydrate and
clock gene polymorphisms. Furthermore, only one free-living 24-hour dietary recall had
been collected and might not reflect habitual consumption patterns. Fluctuation of food
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intakes from day to day could have led to misclassification of women according to feeding
patterns.

In conclusion, predominantly night-time feeding was associated with higher FG
concentration in lean but not in overweight pregnant women. This suggests that the effect of
feeding patterns on glucose tolerance during pregnancy may be adiposity-dependent. Further
investigation is required to identify the underlying mechanism of such differences.
Nonetheless, our findings are important to serve as a basis on developing novel nutritional
strategies to improve glucose tolerance during pregnancy. Therefore, intervention study
targeting pregnant women at risk of glucose intolerance and examination of changes in
metabolic profile should be performed to better elucidate the effectiveness of using this
time-related dietary approach. It will also be interesting to examine the changes in feeding
patterns across different trimesters of pregnancy. Additionally, the potential long term health
benefits of consuming higher calories during the day for both mother and offspring will need
to be assessed. Undoubtedly, future research will shed more light on the interaction between
the circadian timing system, nutrition and metabolism to improve human health, calling for
more attention on the role of chrono-nutrition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The hourly energy consumption patterns throughout the day of predominantly day-time
(pDT) and predominantly night-time (pNT) feeders

Br J Nutr. Author manuscript; available in PMC 2016 September 01.




Page 12

Loy et al.

9,00 95T v€'9 67T LG9 100°0> 85T 189 66T T€9 I/1oww ‘3s00n|6 Jnoy-g
G6T0 70 or'y 050 Sey 000> 850  67Y 9€0  GC¥ I/1oww ‘3s09n|6 Bunse
8620 8e's 0€°0€ 90'S 8.°0¢€ T.00 12 20TE 10°§ eV s1eaf ‘aby
as uesiN as uesiN as uesiN as UesiN
LT 9 6'8T 83T L'8T L0 vvT o L SaA
€28 121 T8 089 €9, e 998 ISY ON
8€L0  TT0 T000> ¥6€T SNH|[oW S3)30RIP [BUOIEISID
gey 9 9y 8¢ - - - €22
6’95 €8 8'€S 5% - - - €z>
€660 S€0 Zw/Bx ‘xapui ssew Apog
929 86 1'99 LS L'S9  T6C 899  ¥SE 93M /SINUIW-LIIN 009
v'ze Ly 6'€E 182 €ve 2§t zee 9t Y83MmyssINUIW-1FIN 009>
02,0 €10 L0 €10 Aunnoe [easAyd
92 o €'Ge €62 99z 8l 90y  GIZ Ausianiun
v'eL 50T L'v9 9€5 €L 9ze 765 GIE Arepuodss jArewnd /auoN
6900 0E€ 1000> 10T uoleanp3
7’91 e 18T 16T Tve 60T ver 99 uelpuj
§'9z 6 §'Ge 144 TYE VST G8T 66 Kefe
T'.S 8 '95 €Ly LTy 88l 169  69€ 8sauIyD
8/80 920 T000> 88L Ao
8'G5 28 8'7S 657 009 02 L0S  T.e snosedimnin
A4 G9 A1 8.€ 00y 08T €6y €9C snosedi|InN
7€80 500 v000  ¥v'8 Aured
- - - YT ¥9 GGT €8 s13pasy LN
- - - 868 /8¢ Sv8 ISk s1apssy 1ad
€550 S€0 S1apaay Jo adAL
% u % u % u % u
d X (zy1=u) s1epaay INd  (ggg=u) s1apaa) 1ad d X (15v=u) 22INg

(veg=u) €z> IING

sonsLisloRIRYD

® Europe PMC Funders Author Manuscripts

T alqeL

Aoueubaid Burnp sansiialoeleyd [euUlsIRIA|

® Europe PMC Funders Author Manuscripts

Br J Nutr. Author manuscript; available in PMC 2016 September 01.



Page 13

“ajeridoidde se 1s91-1 Juapuadapul 1o 1s8) atenbs-1yo uo paseq ate sanjeA d
¥

"UOIIRIASP pJepuels ‘gs siuafeAinba arjogelsw ‘| JIN ‘awn-1ybiu Apueutwopaid ‘| Nd ‘awn-Aep Ajpueutwopald ‘1 ad ‘xapul ssew Apoq ‘[ING

Loy et al.

0220 69'T seL MW ST'L €700 G§T 902 T 0gL sinoy ‘uoieinp dss|s

9200 €26 AR 29'8 1818 T07°0 v¢6 981§ 628  6ETS % ‘ejut ayelpAyog.es [ejoL

8800 68'L TLEE 092 6CCE vIT0 88,  vI'ee  S¥L  18TE 9% ‘eI ey [eJ0L

80€0 vy €091 8¢ L9'GT 2650 907  08ST  8L€  L9ST % ‘utzloid [eloL

700 6.5 9.1 65 98T 100°0> GvS 0LL1T ¥SS GT6T AKep/[eay ‘axeiur ABisus [eloL
% u % u % u % u

A X (svT=u)s1apsay INd  (geg=u) ssapaa) 1ad Jd X (1sv=u)czzING  (vES=U) €2> ING sofste)oRIRYD

® Europe PMC Funders Author Manuscripts ® Europe PMC Funders Author Manuscripts

Br J Nutr. Author manuscript; available in PMC 2016 September 01.



Page 14

Loy et al.

153}-) Juapuadapul uo paseq ate sanfen d
x

‘uoljeINSp pJepuels ‘gs wn-ybiu Apueuiwopaid ‘I Nd ‘awn-Aep Apueulwopaid ‘1 Qd (xapul ssew Apoq ‘|INgG

8200 108 156 I£°6 z'Ts vey0o 900T 0908 6L ySTS % ‘areapAyoqed
1900 €89  G8'Ee 208 98'TE 2580 598 R ] 99°z€ % ‘Ied
sZz0 Yov  LE9T 96' oL'sT 1080 T ST oLe po'gT % ‘utlold
ST90 895 6eLT 2vs LT 6100 065 v8LT vbg 6e6T [e0x ‘eIt ABIaua 2101
8100 25T  6v'9 85T 98'9 950 89T 229 9T €9 1/1owuw ‘8500n|6 IN0Y-Z
1110 Y0 oy 090 o'y 2000 8€0 9y s€'0 @y 1/1owiL *as00n| Bunsed
d as ueN @S uealn g as ueeN  as uealn
(y9=u) sdepaa) INd  (28g=u) siapes} 1ad (€8=u) s1epaa) INd  (TGp=U) siepas) 1Qd
JWBEZ=ING JWBEZSTING

snyels 1yBram Aq siapaay awn-1ybiu pue swin-Aep Apueuiwopald usamiag uonnNgLISIp siusliNuoIdew pue ABIsus ‘suoijesuasuod 8sodn|h Jo uostiedwo)

® Europe PMC Funders Author Manuscripts

¢ dlqeL

® Europe PMC Funders Author Manuscripts

Br J Nutr. Author manuscript; available in PMC 2016 September 01.



Page 15

Loy et al.

“axelul AB1aua [e10) pue uolreinp dasjs ‘Ananoe [eaisAyd ‘A3o1uyle ‘uoieanps ‘abie [eussrew 1oy pasnipy
*

‘[eAJaIUl 82UBPIIUOT ‘1D ‘awn-1ybiu Apueuiwopaid ‘| Nd ‘awn-Aep Apueuiwopaid ‘1 qd {[eAlsiul 83UspIIU0D ‘| ‘Xapul ssew Apoq ‘IINg

92’0 TZ'0'€80- TEO0- 800 ¥0'0'6L0- 8€0- 2€Z0 9T0'¥90- ¥Z0- TZS0 2Z0'er0- TTO- SIapasy INd
ERIIEIETEY] EREIETEY] ERVEIETE)] ERVEIETEY] siapasy 1 qd

(I/10wiw) uoneaIuaU09 8s0an|h jeipueadisod anoy-z
6,80 0Z0'LT0- 200 /LTL0 €ET0'STO- €00- €000 920'S00 9T0 2000 220'G00  +T'0 siepaay INd
ERIIEIETEY] EREIETEY] ERVEIETE)] ERVEIETEY] siapasy 1 qd

(I/10wiw) uoneIUaIU0 3s0aNn|6 Buseq

d 1D %56 d d 1D %56 d d 12 %56 d d 1D %56 d

*UBwEE( apni1D *Emuwj_U,Q apniD

JW/DMETING W/DME>1ING

® Europe PMC Funders Author Manuscripts

UONEBIIUSOUOD 8s00N|B pue usned Buipaa) [euIaleW UBAMISQ UOIRID0SSY

€ 9lqeL

® Europe PMC Funders Author Manuscripts

Br J Nutr. Author manuscript; available in PMC 2016 September 01.



	Abstract
	Introduction
	Methods
	Study participants
	Data collection
	Anthropometric measurements
	Dietary assessments
	Feeding patterns
	Glucose concentrations
	Statistical analyses

	Results
	Participant characteristics
	Associations between maternal feeding patterns and glucose
concentrations

	Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3

