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Abstract
Background: There is a lack of consensus in the literature about the association 
between meal patterning during pregnancy and birth outcomes. This study examined 
whether maternal meal patterning in the week before birth was associated with an 
increased likelihood of imminent spontaneous labor.
Methods: Data came from 607 participants in the third phase of the Pregnancy, 
Infection, and Nutrition Study (PIN3). Data were collected through an interviewer- 
administered questionnaire after birth, before hospital discharge. Questions included 
the typical number of meals and snacks consumed daily, during both the week before 
labor onset and the 24- hour period before labor onset. A self- matched, case- crossover 
study design examined the association between skipping one or more meals and the 
likelihood of spontaneous labor onset within the subsequent 24 hours.
Results: Among women who experienced spontaneous labor, 87.0% reported rou-
tinely eating three daily meals (breakfast, lunch, and dinner) during the week before 
their labor began, but only 71.2% reported eating three meals during the 24- hour 
period before their labor began. Compared with the week before their labor, the odds 
of imminent spontaneous labor were 5.43 times as high (95% CI: 3.41- 8.65) within 
24 hours of skipping 1 or more meals. The association between skipping 1 or more 
meals and the onset of spontaneous labor remained elevated for both pregnant indi-
viduals who birthed early (37- <39 weeks) and full- term (≥39 weeks).
Conclusions: Skipping meals later in pregnancy was associated with an increased 
likelihood of imminent spontaneous labor, though we are unable to rule out reverse 
causality.
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1 |  INTRODUCTION

During pregnancy, adequate food intake is necessary to 
support healthy weight gain as well as increased energy 
and nutrient requirements.1- 4 This recommendation comes 
from the National Academy of Medicine (NAM; formerly 
the Institute of Medicine), which published pregnancy- 
related nutrition guidelines for health care providers to use 
when counseling pregnant individuals.1- 4 In addition to 
recommendations around increasing caloric, macronutri-
ent, and micronutrient intake, limiting caffeine consump-
tion, and avoiding alcohol during pregnancy, the NAM 
guidelines recommended pregnant women “eat small to 
moderate- sized meals at regular intervals, and eat nutri-
tious snacks…”3,5

Currently, there is conflicting evidence over the relation-
ship between meal patterning and onset of labor. Frequency 
and patterning of meals could be an important predictor of 
pregnancy and birth outcomes. Experimental animal stud-
ies have found extended periods of food withdrawal are as-
sociated with the onset of uterine contractions,6 and may 
influence the onset of labor,7,8 whereas some human stud-
ies identified a relationship between skipping meals during 
pregnancy and an increased risk of premature rupture of 
membranes and preterm birth.9- 11 A retrospective analysis 
of medical records also reported an increase in the number 
of births during the 24- hour period after Yom Kippur,12 a 
Jewish holiday characterized by a 25- hour food and water 
fast. Conversely, a meta- analysis including 22 studies pub-
lished since 1980 reported religious fasting holidays were not 
related to the onset of spontaneous labor or preterm birth.13,14 
However, prior studies were retrospective, and researchers 
were often unable to ascertain exactly when labor began.12,14 
Methodologically, it is difficult to collect data on maternal 
diet in the week before labor; therefore, most studies to date 
have been unable to evaluate whether meal patterning may 
trigger the onset of spontaneous labor.

As such, our study objective was to use a self- matched, 
case- crossover study design to evaluate the association of 
skipping meals on the onset of spontaneous labor. We hy-
pothesized that nonadherence to the NAM meal patterning 
recommendations during pregnancy would be associated 
with an immediate increased likelihood of spontaneous labor 
onset within the subsequent 24 hours.

2 |  METHODS

2.1 | Study population

Data for this analysis come from the third Pregnancy, 
Infection, and Nutrition (PIN3) prospective pregnancy co-
hort study, which included data on lifestyle factors known 

to be associated with preterm birth.15 Between January 
2001 and June 2005, 2,006 pregnant participants were re-
cruited from four different prenatal care clinics in North 
Carolina. Women were recruited into the PIN3 study at a 
prenatal visit if they were less than 20 weeks’ completed 
gestation, greater than 16 years old with a singleton preg-
nancy, spoke English, planned to deliver and continue their 
prenatal care at the study site, and had access to a telephone 
to complete telephone interviews. Complete details about 
PIN3 protocol and data collection can be found at the PIN3 
protocols webpage.16

This analysis used demographic data collected during the 
first telephone interview conducted at 17- 22  weeks, birth 
outcome data abstracted from hospital medical records, 
as well as data obtained from an interviewer- administered 
questionnaire that each participant completed in the hospital 
within a day or two after birth, before being discharged.17 
The Institutional Review Board of The University of North 
Carolina at Chapel Hill approved the PIN3 study protocol and 
this analysis, and all participants provided written informed 
consent.

2.2 | Measures

2.2.1 | Spontaneous onset of labor

Items from the interviewer- administered, in- hospital ques-
tionnaire were used to assess self- reported labor triggers (ie, 
proximal causes of labor).18 Participants were asked to report 
the day and time their labor began and to identify what they 
believe caused their labor to start. Those who reported a ce-
sarean birth, a scheduled induction, an amniotomy, or having 
their membranes swept by a provider were considered to have 
had nonspontaneous labor and were excluded from this anal-
ysis.19,20 Participants who reported two conflicting causes of 
labor (ie, one nonspontaneous cause such as an induction and 
one spontaneous cause such as ruptured membranes) were 
also considered to have had nonspontaneous labor and were 
excluded from the analysis. Those who reported “nothing” 
caused their labor to start, who reported “conventional” or 
at- home methods of inducing labor (ie, consumption of cas-
tor oil, spicy food, or sexual intercourse),21 or who reported 
their labor started when their membranes ruptured were con-
sidered to have experienced spontaneous onset of labor and 
were included in this analysis (Figure 1). If a study partici-
pant provided an answer other than one of these, their re-
sponse was recorded verbatim and later coded by a researcher 
(AKN) to determine whether they experienced spontaneous 
onset of labor. The most commonly reported triggers were 
walking, spontaneous rupture of membranes, and sexual in-
tercourse.22 The main analysis is limited to those participants 
who experienced spontaneous onset of labor.



2.2.2 | Meal patterning

Additional items from the interviewer- administered, in- 
hospital questionnaire were used to assess meal patterning 
during two time periods: the week before the onset of labor 
and, separately, the 24  hours before the onset of labor. 
First, participants were asked to “think about your meal 
and snack pattern the last week of your pregnancy, not in-
cluding the day your labor began/you came to the hospital 
to have your baby.” They were asked to report if they had 
routinely eaten breakfast, lunch, dinner, and/or any snacks 
during that week. Second, participants were asked to “think 
about the day before your labor began/you came to the 

hospital to have your baby.” They were asked to report if 
they ate breakfast, lunch, dinner, and/or any snacks during 
that 24- hour period. There were no specified definitions 
about what was considered to be breakfast, lunch, dinner, 
or a snack.

Based on the distribution of responses, “skipped meal” 
patterning was coded dichotomously as “yes” if they reported 
skipping 1 or more daily meals (eg, breakfast, lunch, or din-
ner) and “no” if they reported eating all daily meals (eg, 
breakfast, lunch, and dinner). Snacks were kept as their own 
category. As part of the case- crossover design (see below), 
responses were coded separately for the 24 hours before labor 
versus the week before labor.

F I G U R E  1  Determination of spontaneous labor using the interviewer- administered in- hospital questionnaire from the third phase of the 
Pregnancy, Infection, and Nutrition (PIN3) Study



2.3 | Covariates

During the first telephone interview (17- 22  weeks’ gesta-
tion), women were asked about their race/ethnicity, mari-
tal status, education, parity (live plus stillbirths), number 
of people living in their household, and household income. 
From these data, we calculated the percent of the 2001 pov-
erty level.23 Information obtained from the medical record 
included weight and height for the determination of prepreg-
nancy body mass index (BMI). The participant's age at time 
of conception was determined from the medical record and 
verified during the telephone interview. Gestational age at 
birth was estimated using ultrasonography if the test was 
performed before 22  weeks (>90% of the PIN3 sample). 
Otherwise, gestational age at birth was estimated using the 
last menstrual period method.

2.4 | Statistical methods

A self- matched, case- crossover design was used to ana-
lyze these data. Case- crossover designs are used to as-
sess health event triggers, such as whether severe anger 
triggers myocardial infarctions.24 The case- crossover 
method assesses the risk of an acute event (here, onset of 
spontaneous labor) after exposure to a transient risk fac-
tor (skipping one or more meals), comparing within each 
person a hazard period (24 hours before labor onset) to a 
control period (7 days before labor onset).18,25 Thus, each 
person serves as their own control, eliminating the need 
to adjust for within- person confounders (eg, race, weight, 
sexually transmitted infection, gestational diabetes, etc)25 
(Figure 2).

Descriptive statistics were used to examine the variable 
distributions during the control and hazard periods, among 
participants who had spontaneous labor onset. We then used 
conditional logistic regression to assess the relationship be-
tween meal patterning and onset of spontaneous labor within 
each person, comparing meal patterns during their hazard 
period (24 hours before labor) to meal patterns during their 
control period (7  days before labor). In these models, the 
onset of spontaneous labor was the outcome, and the expo-
sure variable was meal patterning during the hazard versus 
control periods. This yields an estimate of the odds of spon-
taneous labor for a pregnant person who reported skipping at 

least one meal during the hazard period but eating three daily 
meals during the control period.

Several sensitivity analyses were conducted to assess the 
robustness of the findings. First, since a pregnant woman near-
ing full- term will have a slightly higher probability of spon-
taneous labor with each passing day, we explored whether 
the hazard estimates differed among those who delivered 
preterm (<37 weeks), early term (37- <39 weeks), full- term 
(39- <41 weeks), or post- term (≥41 weeks). However, since 
the absolute number of post- term births was small (n = 45), 
we collapsed the variable so that women who delivered at 
full- term or post- term were in the same gestational age cat-
egory for this analysis. Second, we explored whether cate-
gorizing snacks as a “meal” impacted the results. When the 
in- hospital questionnaire was administered, there was not a 
definition provided about the difference between a meal and a 
snack. Those who ate numerous daily snacks instead of three 
meals may have been wrongly classified as skipping a meal. 
Therefore, in this sensitivity analysis, participants were iden-
tified as skipping 1 or more meals if they reported consuming 
a total of less than three daily meals, counting each reported 
snack as a meal.

To assess bias, differences in demographic baseline char-
acteristics between pregnant participants who reported onset 
of spontaneous labor and those who reported nonsponta-
neous labor were assessed using paired t tests for continu-
ous variables and chi- squared tests for categorical variables. 
Statistical significance was set at P <  .05, and all analyses 
were conducted using Stata 15 (StataCorp).

3 |  RESULTS

3.1 | Sample characteristics

Initially, 2,006 individuals agreed to participate in PIN3. Of 
the 2,006, 47 became ineligible (43 pregnancy losses, four 
pregnant with multiples), 121 were participating for the sec-
ond or third time, 174 were lost to follow- up, and 156 de-
livered before the labor questions were added to the PIN3 
in- hospital questionnaire, leaving 1493 participants. Of 
these, 607 reported spontaneous onset of labor and completed 
the in- hospital questionnaire necessary for this analysis 
(Figure 1). The majority of women who went into spontane-
ous labor were non- Hispanic White, married, and high in-
come (Table S1). Over half of the sample were nulliparous, 
and 62.6% had a normal BMI (18.5 kg/m2 ≤ BMI < 25.0) at 
conception. The mean gestational age at birth was 38.4 weeks, 
and 12.9% of infants were born preterm (<37 weeks’ gesta-
tion). Comparisons of characteristics between participants 
who went into spontaneous and nonspontaneous labor re-
vealed few differences (Table S1).F I G U R E  2  Self- matched, case- crossover design



3.2 | Meal patterning and the onset of 
spontaneous labor

During the control period (one week before spontaneous 
onset of labor), 87% of participants reported eating all three 
daily meals (breakfast, lunch, and dinner); 92%, 96%, 98%, 
and 83% reported routinely eating breakfast, lunch, din-
ner, and at least one snack, respectively. During the haz-
ard period (24  hours before spontaneous onset of labor), 
71% of participants reported eating all three daily meals; 
90%, 87%, 85%, and 70% reported eating breakfast, lunch, 
dinner, and at least one snack, respectively (Table  1). 
Overall, 13% (n = 79/607) reported routinely skipping 1 or 
more daily meals during the control period, whereas 28% 
(n = 172/607) reported skipping one or more meals during 
the hazard period (Table 2).

Those who reported meal skipping during the control 
period were more likely to be younger, non- Hispanic Black, 
nonmarried, below 350% of the poverty level, have 12 years 
or less of education, and have a higher prepregnancy BMI 
compared with participants who did not skip any meals 
during the control period (P < .05) (Table 2). The same dif-
ferences were found among participants who reported meal 
skipping during the hazard period compared with those who 
did not skip any meals during the hazard period. In addition, 
women who reported meal skipping during the hazard period 
were more likely to be parous and to have given birth at an 
earlier gestational age compared with those who did not skip 
any meals during the hazard period (P < .05).

Compared with the week before labor (control period), the 
immediate odds of spontaneous labor were 5.43 times as high 
(95% CI: 3.41- 8.65) within 24 hours of skipping 1 or more 
meals (Table 3). The association between skipping 1 or more 

meals and the onset of spontaneous labor remained signifi-
cant across all gestational age categories. Including snacks as 
a “meal” did not change any of the results shown in Table 3 
(data not shown).

4 |  DISCUSSION

Using a case- crossover design, we found that the odds 
of spontaneous labor were 5.43 times as high during the 
24 hours after skipping a meal, compared with when three or 
more daily meals or snacks were consumed. Based on previ-
ous studies that have reported a relationship between fasting 
and preterm birth or premature rupture of membranes,9,10,12 
we hypothesized that skipping one or more daily meals dur-
ing pregnancy would result in an immediate, possibly tran-
sient, increased likelihood of spontaneous labor within the 
subsequent 24 hours. None of the individuals in this analysis, 
when asked an open- ended question, attributed the onset of 
their labor to meal patterning,22 yet we found a strong asso-
ciation. To our knowledge, this is the first study to assess the 
relationship between meal patterning and imminent likeli-
hood of spontaneous labor at term. Previous research around 
meal patterning explored its associations with preterm birth 
and birthweight.13,26- 29

In the broader population, skipping meals may not always 
be a choice as approximately 10% of pregnant people expe-
rience prenatal food insecurity,30 whereas, in this sample the 
majority of participants reported regularly eating all three 
meals during the control period. The prevalence of skipping 
a meal during the week and the 24 hours before labor onset 
was greater among non- Hispanic Black participants. Meal 
skipping during pregnancy has been previously associated 
with preterm birth. In a descriptive comparative study, non- 
Hispanic Black women who experienced preterm labor had 
higher odds of skipping meals during their pregnancy.27 The 
self- matched design of our study did not enable us to strat-
ify the associations between meal patterning and labor onset 
by race. However, given that non- Hispanic Black women 
are at an increased risk of preterm birth31 and that our find-
ings showed meal patterning in the final week of pregnancy 
varied by race/ethnicity, future studies should consider the 
interaction between meal patterning and race/ethnicity to ad-
dress this possible disparity. In our sample, higher prepreg-
nancy BMI was also associated with meal skipping during 
the hazard and control period. This finding supports previ-
ous studies that have found pregnant people with high BMI 
are more likely to skip meals during the second and third 
trimesters.27,32 Lastly, we found meal skipping in the last 
week of pregnancy was more frequent among participants of 
low socioeconomic status (ie, less than 12 years of education 
or household income 350% below the poverty line). Studies 
have identified similar associations between socioeconomic 

T A B L E  1  Distribution of participants who experienced 
spontaneous onset of labor in the Pregnancy, Infection, and Nutrition 
Study according to meal consumption by hazard and control period 
(n = 607)

Meal consumed, % yes
Hazard period, % 
(N)

Control 
period, % (N)

All mealsa,b 71.2 (435) 87.0 (528)

Breakfasta 89.6 (554) 91.8 (557)

Luncha 86.7 (526) 96.1 (583)

Dinnera 85.3 (518) 98.2 (596)

Snacks

Anya 69.7 (423) 82.7 (502)

≥2a 29.3 (178) 59.6 (362)
aStatistically significant difference (P < .05) between meal patterning during the 
hazard and control period. Statistical significance was determined using and a 
chi- square test for categorical variables.
bIndicates participants reported consumption of breakfast, lunch, and dinner 
during the hazard or control period.



status and diet, finding that low educational attainment and 
low income are associated with inadequate dietary intake 
during pregnancy.33

In terms of a potential biological mechanism, skipping a 
meal induces the release of corticotropin- releasing hormone 
(CRH) signaling adrenocorticotropic hormone to be released 

T A B L E  2  Sociodemographic characteristics of participants who experienced spontaneous onset of labor according to meal skipping

Maternal and household 
characteristics

Skipped 1 or more meals, % (N) Did not skip any meals, % (N)

24 hours before labor
(N = 172)

Week before labor
(N = 79)

24 hours before 
labor (N = 435)

Week before labor
(N = 528)

Age, mean (SD)a,b 27.4 (5.9) 26.1 (6.1) 29.7 (5.2) 29.5 (5.2)

Race, % yesa,b 

Non- Hispanic, White 64.5 (111) 60.8 (48) 77.2 (336) 75.6 (399)

Non- Hispanic, Black 25.0 (43) 25.3 (20) 12.9 (56) 15.0 (79)

Asian or Pacific Islander 2.3 (4) 2.5 (2) 3.5 (15) 3.2 (17)

Other (not specified) 8.1 (14) 11.4 (9) 6.4 (28) 6.3 (33)

Marital status, % yesa,b 

Single 32.0 (55) 36.7 (29) 15.9 (69) 18.0 (95)

Married 62.8 (108) 55.7 (44) 82.3 (358) 79.9 (422)

Separated or divorced 5.2 (9) 7.6 (6) 1.8 (8) 2.1 (11)

Income (% of poverty level for 2001), % yesa,b 

≤185 28.8 (47) 36.5 (27) 14.9 (63) 16.2 (84)

186- 350 28.2 (46) 28.4 (21) 17.3 (73) 19.1 (98)

>350 42.9 (70) 35.1 (26) 67.9 (287) 64.7 (331)

Education ≤12 years, % yesa,b 28.0 (48) 35.4 (28) 10.6 (46) 12.5 (66)

Prepregnancy BMI (kg/m2), 
mean (SD)a,b 

25.6 (6.8) 26.8 (8.3) 23.9 (5.1) 24.1 (5.1)

Nulliparous, % yesa 44.4 (76) 41.0 (32) 53.6 (233) 52.5 (277)

Gestational age (weeks), mean 
(SD)a 

37.7 (3.4) 38.1 (2.3) 38.7 (2.0) 38.4 (2.5)

aStatistically significant difference (P < .05) between participants who skipped 1 or more meals in the 24- hour period preceding their labor compared with those who 
did not. Statistical significance was determined using a paired t test for continuous variables and a chi- square test for categorical variables.
bStatistically significant difference (P < .05) between participants who skipped 1 or more meals in the 1- week period preceding their labor compared to those who did 
not. Statistical significance was determined using a paired t test for continuous variables and a chi- square test for categorical variables.

Gestational age 
at birth Sample size

Skipped 1 or more meals

Odds ratio 
(95% CI)

Hazard 
only Control only Both

Overall 607 114 21 58 5.43 (3.41- 8.65)

Preterm 
(<37 weeks’ 
gestation)

78 21 0 12 - a

Early term (37- 
<39 weeks’ 
gestation)

151 28 7 20 4.00 (1.75- 9.16)

Full- term or 
post- term 
(≥39 weeks’ 
gestation)

378 65 14 26 4.64 (2.61- 8.27)

aUnable to compute odds ratio and 95% confidence interval for participants who delivered preterm because of 
0 occurrences in the control period.

T A B L E  3  The odds of spontaneous 
labor by meal skipping on term birth for 
participants in the Pregnancy, Infection, and 
Nutrition study



from the pituitary gland, stimulating the production and re-
lease of cortisol from the adrenal gland.34 During pregnancy, 
increased levels of maternal cortisol increase production of 
placental CRH which aids in labor onset through dilation of 
the uterus and stimulation of smooth muscle contractions.35- 37 
Therefore, it is possible that if a pregnant person's body has 
already started preparing for birth by increasing production 
of hormones like CRH, skipping a meal may further increase 
placental CRH, accelerating the timing of spontaneous labor 
onset.

There are two possible alternative explanations for the pat-
tern of results we observed. First, as a woman nears full- term, 
their probability of labor slowly but steadily increases natu-
rally.38,39 It is possible that the large odds ratios we observed 
for the hazard period versus the control period are merely an 
artifact of gestational age: by definition, the 24 hours before 
labor begins occurs later in a pregnancy than does the entirety 
of the week before labor begins. We were able to stratify our 
results by gestational age and observed the odds of sponta-
neous labor immediately after meal skipping was increased 
regardless of gestational age category. However, there is no 
way to control for exact gestational age in the model using a 
case- crossover design.

The second possible alternative explanation is reverse 
causality. Late in pregnancy, the digestive tract alterations 
necessary to accommodate the large uterus may cause a 
pregnant person to feel nauseous,40 or otherwise uninter-
ested in eating, much as occurs during labor itself.41 In ei-
ther of these scenarios, the imminent labor would be the 
cause of the woman deciding to skip a meal, rather than 
the skipped meal leading to labor onset. To conduct sen-
sitivity analyses to address the potential timing bias inher-
ent within a case- crossover design, it would be worthwhile 
for future studies to collect data on additional exposures 
that are not expected to be related to the outcome (eg, milk 
consumption).

There are some limitations to this analysis. First, the PIN3 
study took place in a teaching hospital and required partici-
pants to be receiving prenatal care at an affiliated clinic to 
participate. To the extent that people choosing an academic 
medical center for care are not representative of the entire 
pregnant population, we may have a nonrepresentative sam-
ple, though whether the underlying mechanisms, if any, 
would also vary by these characteristics is unclear. In addi-
tion, data were collected from 2001 through 2005, before the 
Affordable Care Act legislation in 2012. Lack of access to 
early prenatal care (participants had to enroll by week 20) 
secondary to lack of health insurance was thus much more 
of an issue and disproportionately affected low- income 
individuals.

Second, both meal patterning and spontaneous labor 
onset were self- reported. Validity of these measures was not 
assessed, so we are unable to estimate measurement error, 

though as participants were not informed of the hypothesis 
for this analysis, it is likely that any resulting misclassifica-
tion is nondifferential. Without access to medical records 
data, we were unable to determine whether participants and 
their health care providers had differing views on what initi-
ated their labor increasing the risk for outcome misclassifi-
cation. To assess meal patterning during the control period, 
participants were asked to report “meals and snacks they rou-
tinely ate in the week leading up to their birth (not includ-
ing the day their labor began).” Therefore, if there was any 
variation during the week, participants were required to give 
their best estimate, and thus details were lost. In addition, 
there were no prespecified definitions for a meal or snack, 
which may also increase the risk of misclassification bias. 
It also would have been beneficial to collect detailed daily 
caloric intake during the control and hazard periods. Lastly, 
because of the retrospective data collection after birth and de-
sign of the questions, we were only able to compare two time 
periods (24 hours before birth versus 1 week before birth). 
Prospective collection of meal and snack consumption, in-
cluding details on caloric and macronutrient intake, during 
mid- to- late pregnancy would enable researchers to exam-
ine the influence of meal patterning within multiple hazard 
periods, potentially providing a stronger understanding of 
whether it relates to spontaneous onset of labor.

4.1 | Conclusions

Participants who reported skipping 1 or more daily meals in 
late pregnancy had a fivefold higher likelihood of spontane-
ous labor within the subsequent 24 hours compared with par-
ticipants who ate at least three daily meals, though whether 
this is causal requires further investigation. It is plausible 
that a lack of appetite resulting in irregular meal patterning 
may be a potential sign that labor is approaching, rather than 
the skipped meal cause the labor per se. We are not advocat-
ing for pregnant women to skip meals to induce their labor, 
though perinatal care providers might hear questions about 
this practice from pregnant clients. In addition, if the reverse 
causality scenario proves correct, it is possible that disinterest 
in meals could signal imminent labor. This could prove an 
important clinical tool for self- monitoring by pregnant indi-
viduals near term.
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