
Abstract
Objective: To examine the association between gestational age (GA) at birth across the normal GA spectrum (37 - 41 weeks) and the temperament and health of 3-month old infants.  
Methods: The sample comprised 242 ‘low risk’ mothers and infants without chronic illnesses or severe pregnancy complications. Infant temperament was defined by three constructs: Negative Affectivity (NA), Extraversion, and Regulation, assessed by parents’ reports on the Infant Behavior Questionnaire. Infants’ health was defined as the number of nonroutine doctors visits attended by the infants since their release from the hospital after birth. Analyses employed a continuous measure of GA to assess outcomes across GAs and a categorical measure (37, 38, 39-41 weeks GA) to examine contrasts. 
Results: Extraversion was positively related to GA primarily due to the lower scores of infants born at 37 weeks compared to infants born at 39-41 weeks GA. NA showed a similar effect. The odds of infants born at 37 weeks attending a nonroutine medical visit were 2.8 times that of infants born full-term. 
Discussion:  Infants born at 37 weeks GA express less affect and use more nonroutine medical services than do infants born at 39-41 weeks GA.  The findings underscore the importance of considering the risks of pregnancy prolongation with the developmental risk associated with early-term delivery.    
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Introduction
	Compared to deliveries at full term (39 0/7 - 41 0/7 weeks gestation [GA]), early term deliveries (ETDs, 370/7 to 38 6/7 weeks) are associated with an increased risk for developing respiratory distress syndrome and other neonatal health complications that require neonatal intensive care unit admission and prolonged hospitalization [1]. Moreover, empirical evidence suggests that ETDs increase the odds for ill health and atypical development during infancy, at adolescence, and out to adulthood. As examples, ETDs have been associated with a higher incidence of psychomotor and cognitive delays at one year of age [2], low IQs at age 6.5 years [3], difficulties in grade school performance [4,5,6], and deficits in executive function at age 6 [7].  In a 17-year longitudinal study, children born at 37 weeks GA (but not 34-36 weeks or ≥38 gestation) had a nearly 1.5 times higher odds ratio for developing clinically significant behavioral problems during childhood and  adolescence compared to infants born from 39 weeks onward [8].  Finally, there is evidence of a correspondence between GA at birth across the normal spectrum (37 0/7 – 41 0/7 weeks) and health issues including blood pressure reactivity [9] and susceptibility to depression in older adults [10]. 	
	These findings together with the increased prevalence of ETDs in developed countries across the last decade (e.g., 29.7% in the United States in 2008, an increase of 9.1% from 1996 to 2008) [11] call for more research on the mental and physical health correlates of ETDs and further efforts to identify factors that could mediate those correlates.  Likely, a host of factors contribute to the longitudinal effects by impacting developing systems that have widespread effects on later development [12]. In this study, we focused on two factors assessed at 3-months of age: Infant temperament, which reflects an individual’s characteristic way of responding [13], and infant’s health, assessed by the number of nonroutine visits to family doctor or specialists. Both factors were of interest because they are influenced by neuromaturity, which in the case of early-term infants may be somewhat constrained due to the neonates’ premature exposure (by even one to two weeks) to the extra-uterine environment. Furthermore, earlier-than-average exposure to the outside world may be stressful to the neonate and could disturb the neural functioning of systems (e.g., hypothalamic-pituitary-adrenal axis [14) that influence temperament and health. In addition, both factors could mediate relations between being born early-term and the heightened risk for developmental issues that have been described [7,15].  Finally, for empirical support- Pesonen et al. [16] reported that 6-months old infants born early-term differed from full-term infants on the temperament dimension of Orientation (e.g., attentiveness).  However, in that study, mothers and fathers’ ratings did not entirely agree, and the sample included infants born small-for-gestational age, which likely affected the sample’s temperament scores [17]. Reports on the use of medical services by infants born early-term have been limited almost entirely to neonates (e.g., review in [18]; for exception, [19]).  
	On these bases, our primary objective was to compare early-term and full-term infants on indices of temperament and health. The first hypothesis was that there would be an association between GA across the normal spectrum (37-41 weeks GA) and infants’ temperament, reflecting increased temperament-maturity (i.e., better regulation, less  frequent negative affect, and more frequent expressions of extraversion) during that time. The second hypothesis was that there would be an inverse association between GAs at birth and infants’ use of nonroutine medical services during the early months after birth. Positive findings would provide evidence that early-term births are associated with consequences beyond the neonatal period that could be associated with later developmental problems.    
	Methods
	Participants
	Procedures were approved by institutional IRBs. Pregnant women were recruited for a broader study on maternal stress and fetal development from 04/09 to 12/11, primarily by advertisements in newspapers. Women were excluded if they were: (a) pregnant with multiple fetuses, (b) smoked cigarettes or drank alcohol during pregnancy, and/or (c) reported chronic illnesses or medical complications during pregnancy that were deemed dangerous to fetus and/or mother. These decisions were made on a case-by-case basis by (left blank for blind review), an Obstetrician and maternal-fetal medicine consultant.  The exclusions were implemented because they refer to conditions that increase the risk of an atypical birth [20], and we were interested in studying effects of normal variations in GA at birth, not those related to antenatal pathology.  After delivery, mothers/infants were excluded from the sample if the infant had been born at low (< 2500 grams) or high birth weight (> 4000 grams), prematurely (< 37 weeks) or post-term (≥ 42 weeks).  Exclusion of low or high weight infants avoided the confounding of GA with atypical birth weights.  We did not include post-term deliveries (42+ weeks GA) because they may have heighted risk for complications at birth and for long-term effects [21], and the number in our sample (n = 2) was too small to constitute a group on its own. 
	 Following acceptance into the study (N = 306), at a mean of 22.3 ± 7.51 weeks GA, 29 mothers and their infants were excluded due to pregnancy complications reported after intake/enrollment. Another 26 were excluded because we were unable to schedule a home-visit and/or to obtain medical records.  Nine mothers/infants were excluded due to atypical birth outcomes (3 infants born < 37 weeks and <2500 grams; 1 born > 42 weeks and > 4200 grams, 3 born > 4200 grams, and 2 born < 2500 grams).  
		The final sample of 242 mothers (and infants) represented a population of well-educated women with singleton pregnancies. The families’ median monthly salary was approximately $3,000/month, which is about average by (left blank for blind review) standards.  The demographics (age, education, marital status, general health) of the mothers who completed the study were not significantly different than those who did not complete it. 
		 The pregnancies of the women in the final sample were largely uncomplicated according to medical records and women’s prospective reports at intake and during their 2nd and 33rd trimester. (See supplemental Table 1 for list of perinatal/delivery complications stratified by GA group).  
		Within the sample, 7.4% (n = 18) of the infants were born at 37 weeks GA; 16.9% (n = 41) were born at 38 weeks GA, and 75.6 % (n = 183) were born at full-term (39-41 weeks GA).  Of all the background variables (Table 1), groups differed only in BW. 
		 The majority of women delivered vaginally. Twelve percent (n = 29) delivered by C-section (planned 3.7%, n = 9), and their prevalence was not related to GA at birth. The one induction of vaginal delivery at 37 weeks was due to mother’s late (> 36 weeks) onset of high blood pressure. No infant was delivered by a planned C-section at 37 weeks. 
Unplanned C-sections at 37 weeks (n = 2) were due to signs of fetal distress (non-reassuring fetal heart rate). 
Procedures		
	In the first stage of the study (‘intake’), women called into the lab-office and received an explanation of the study, provided verbal consent, and then were asked about exclusionary criteria. At 32-36 weeks gestation, women were invited to the hospital where they provided written consent and underwent varied antenatal tests not relevant to the present study. During a 3-month postpartum home-visit, women filled out questionnaires on infant temperament and maternal depression and recounted the utilization of medical services for their infant since his or her birth.  
Tools and Measures	
	Temperament. The Infant Behavior Questionnaire-revised (IBQ-R) [22] is widely used to assess infant temperament based on ratings of caregivers.  The tool is comprised of 14 scales factor analyzed to yield three ‘higher order’ temperament dimensions/constructs: Extraversion/Surgency, Negative Affectivity (NA), and Orientating/Regulation (definitions in Table 2).  To reduce the influence of subjective bias, items describe concrete infant behaviors observed during a specified time-frame, rather than asking for abstract judgments. Each item is rated on an 8-point scale (1- never, 2- rarely, 3- less than half the time, 4-about half the time, 5- more than half the time, 6- almost always, 7- always) as to the frequency with which the parent observed the specified behavior within the last week, or if they had not seen the behavior, as an 8 (‘not observed/irrelevant’). Scale scores are derived by averaging ratings for all items rated 1-7, with high scores indicating that the infant exhibited a high frequency of the temperament trait.   
		Psychometric properties of the IBQ-R are satisfactory [22,23].  In this study, Cronbach Alphas were 0.82 for Extraversion, 0.72 for NA, and 0.74 for Regulation.  The official translation of the IBQ into (left blank for review) was used in this study. 
	Infants’ health. The number of nonroutine visits to doctors during the first three months of life was the primary measure of infant’s health [24,25] and has particular merit when used in countries/states that provide universal medical care, as in (left blank for blind review). ‘Nonroutine’ visits were visits to specialists referred to by the family physician or by well baby nurses or visits to the family doctor, not including routine checks for growth and general health that are recommended for all infants in (removed for blank review). Examples of nonroutine problems were feeding difficulties, ear or eye infections, suspect sensory    deficits, heart murmur, and high fever.  Routine visits including weight checks, tests for jaundice, and inoculations were not included in the count. Presenting medical issues at nonroutine visits to doctors were categorized in terms of affected body part or function (Table 3), as in [24].  
	Gestational age. GA was calculated from last menstrual period (LMP) and compared to GA derived from an early ultrasound if available (n = 170, 70.2%). Following medical guidelines [26], GA was determined by ultrasound if the difference in estimates was greater than 7 days (n = 3 showed such variance).  
	Covariates. Variables considered as covariates, included mothers’ age, education, and parity and infants’ gender, birth weight (BW), and age at the time of temperament-assessment. In addition, we examined the contribution of mothers’ depression symptom scores derived from self-ratings on the Beck Depression Inventory [27] because mood can affect mothers’ perception of their infant’s temperament [28].  The 21-items are rated from 0-3, with cutoffs as follows: 0–13: minimal depression; 14–19: mild depression; 20–28: moderate depression; 29–63: severe depression.
Data Reduction, Missing Values, and Statistical Analysis
		All 242 subjects provided medical and birth outcome information. IBQ data were missing for 4 to 10 women depending on the dimension (10 missing on Extraversion, 4 missing on Regulation, and 6 on Negative Affectivity) due to errors in filling out the questionnaire or because all items on a scale were rated as 8 (i.e., not observed). These missing values explain some minor differences in the N and degrees of freedom in the results reported below.  
		For data analysis, infants born at 37 and 38 weeks GA were considered separately because previous results demonstrated differences between them in health risks and other developmental issues [29]. Infants born between 39-41 weeks were combined into one group because they did not differ in temperament ratings or in the number of nonroutine doctor’s visits (ps > .25). There were also no differences in their demographics, with the exception of BW (mean in grams ± SD: 39 weeks: 3213.56 ± 289.88, 40 weeks: 3341.58 ± 321.07, 41 weeks: 3373.61 ± 319.13; F (2, 180) = 4.38, p = .014). 
	Data were analyzed with SPSS for Windows, Version 17.0 (SPSS, Chicago, IL). For each of the four outcome measures (3 temperament dimensions, health measure), we carried out two sets of analyses: one using a continuous measure of GA (in days) in order to test for a (linear) relation between GA and outcome measures and a second, using a 3-category measure of GA (37, 38, 39-41 weeks) in order to compare infants born early-term (37, 38 weeks GA) to those born at term.  
	 To obtain the best fit models, we entered GA and the covariates listed above. Then we removed one predictor at a time, starting with the predictor with the largest p value, and stopped when the remaining predictors were at least marginally significant (p < .10). In this way, we could account for variance with the most relevant covariates. 
	To address hypothesis 1, scores on the three higher order temperament factors were used as the dependent variables in separate analyses with GA (in days) as a predictor. Pearson correlations tested for unadjusted relations and then linear regressions tested for relations, adjusted for covariates. We used General Linear Models (GLM) Analysis of Variance (ANOVAs) to examine contrasts (37 and 38 vs. 39-41 weeks GA [reference]) and derive significance values (p) and 95% confidence intervals.  Also reported are results of polynomial contrasts that reflect statistical (linear and quadratic components) trends across GA.  A linear trend would reflect GA as a continuous function with each GA having some added impact; a quadratic trend is nonlinear and could reflect an inverted U or J shaped function. 
	To address hypothesis 2, we reduced the number of nonroutine health care visits to three categories (0, 1, 2+ visits) because the frequency distribution was highly skewed (0 visits: n = 135 (56%); 1 visit: n = 73 (30.3%), 2 visits: n = 25 (10.4%), 3 visits: n = 6, (2.5%), 4 visits, n = 1, (0.4%), 8 visits, n = 1 (0.4%)). Using this ordinal outcome measure, we tested for an association between doctor’s visits and GA at birth using two ordinal regression analyses (with logit link) - one with GA as a continuous variable (in days) and one with GA as a categorical variable (37, 38, 39-41 week GA) in order to calculate odds ratios.  No covariate reached criteria threshold (p = .10), so none were entered into the models. Diagnostics, including tests for goodness of fit and tests for parallel lines (to assure equal relations between GA and each logit of the outcome variable) tested the models' adequacy in terms of basic assumptions for ordinal regressions and cell counts.  Chi squares tested for differences in the prevalence of specific health problems across infants born 37, 38, and 39-41 weeks GA. 
		In supplemental analyses, we repeated the analyses, but restricted the sample to women with GAs at birth based on an early ultrasound, because the former is more exact [30]. We also tested for differences between infants born at 37, 38 vs. 39-40 weeks GA (i.e., excluding infants born at 41 weeks GA), since some research findings indicate that delivery at 41 weeks GA carries a heightened risk of morbidity compared to the more typical GAs at birth [22].  Finally, we examined the possibility that outcome variables were related to pregnancy or pre-delivery complications. For these analyses, we compared infants born at 37 weeks vs. the reference group on two variables: counts of antenatal complications (see supplemental table 1, Mann Whitney U test) and delivery type (induced/unplanned vs. spontaneous, Chi Square). We also tested for an association between those two variables and our outcome measures (Spearman correlations).  We did not carry out finer or more complex analyses (e.g., taking each complication singly, tests for complications x GA interactions to predict outcomes) because of the low frequency of complications in the sample. 
	Results
		Table 3 shows the means and standard deviations of mothers’ ratings of their infants’ temperament, stratified by GA subgroups. Intercorrelations between outcome measures showed that Regulation was related to NA (r = -.36, p < .001) and Extraversion (r = .32, p < .001), but NA and Extraversion were not related to one another. Number of doctor’s visits was positively related to NA (r = .15, p <.01), but not to Extraversion or Regulation.  As in previous studies [31], mothers’ BDI scores were positively related to infants’ NA (r = .19, p < .01). 
		  According to both the unadjusted correlation (r = .-.01, p > .10) and the linear regression model, corrected for BDI (B = .03, SE = .011, 95% CI [.01, .05]; Beta  = .19; t =2.87, p = .004) and BW (B = .0001, SE = .0001, 95% CI [-.001, .0001]; Beta = -.15; t = - 2.14, p = .03); NA and GA were not related (B = .002, SE = .008, 95% CI [-.013, .018]; Beta = .02; t = .31, p > .10). However, contrasts based on the ANOVA model (with categorical GA as between group factor and BDI and BW entered as covariates) revealed a steep rise in NA from 37 to 38 weeks GA and no difference in mean rating from 38 weeks GA to full-term (Table 4).  These data produced a significant linear trend across GA (contrast estimate [CE] = .35, p = .03, 95% CI [0.04, 0.66]), along with a significant quadratic trend (CE = -0.29, p = .05, 95% CI [-0.57, 0.001]), reflecting the initial increase and then leveling out of scores among the infants born from 38 GA weeks on.  In brief, the data portray infants born at 37 week GA as showing less frequent negative affect compared to the reference group; and no evidence of change from 38 weeks GA to 39-41 weeks GA.  
	Extraversion was associated with GA according to both the unadjusted correlations (r = .15, p <.05) and the adjusted regression model (B = .03, SE = .009, 95% CI [.01, .04]; Beta = .20; t = 3.10, p =.002), controlling for parity (B =  -.24, SE = .13, 95% CI [-.50, .02]; Beta = -12; t = -1.84, p = .07,), BW (B = .0001, SE =  .0001, CI [-.001, .0001]; Beta = -.14; t = -2.12, p = .04,]), baby's age at the time of the home-visit (B = .05, SE = .02, 95% CI [.02, .09]; Beta = .19; t = 2.95, p = .004), BDI (B = .02, SE = .012, 95% CI [-.001, .05]; Beta = .12, t = 1.90, p = .06), and gender (B = -.34, SE = .13, 95% CI [-.60, -.09]; Beta = -.17; t = -2.65, p = .01).  Additionally, the ANOVA, controlling for those same covariates, revealed a significant main effect of (categorical) GA and a significant linear trend across GAs (CE = .42, p = .02, 95% CI [.07, - 0.78]), but no significant quadratic trend. As shown in Table 4, the linear component of the function reflects the significant difference between extraversion scores of infants born at 37 weeks GA compared to those born full-term.  
		The third temperament dimension, Regulation, showed no association with GA in either the unadjusted correlations (r = .03, p >1.0) or the adjusted model (B = .002, SE = .006, 95% CI [-.009, .014]; Beta .03; t = .43, p =.>.10), controlling for BDI (B = -.02, SE = .008, 95% CI [-.035, -.003]; Beta = -.16; t = - 2.38, p = .02) and parity (B = -.17, SE = .092, 95% CI [-.35, .01]; Beta = -.12; t = -1.87, p = .06). Contrary to predictions, infants born at 37 weeks GA scored near significantly (p = .08) higher on Regulation than infants born at 39-41 weeks GA, and contrasts revealed a near-significant linear trend across GAs (CE = -.22, p = 0.08, 95% CI [-.47, .03]; Table 4), but no evidence of a significant quadratic trend.  
		Finally, an ordinal regression analysis revealed a relation between the continuous GA measure (in days) and the number of nonroutine doctor's visits (likelihood ratio Chi Square, X2(1, N = 242) = 6.43, p < .05, Cox and Snell pseudo R2 = .04). As predicted, the parameter estimates of GA indicated that the risk of attending nonroutine visits to doctors increased with decreasing GA (B = - .29, Wald (1, N = 242) = 6.31, p = .012; 95% CI [-.51, .063]).  Said otherwise, an increase in GA was associated with lower odds (0.96) of attending nonroutine doctor’s visits per day. 
 	Using the categorical measure of GA as the predictor, the omnibus model relating GA and doctor’s visits approached significance (X2 (2, N = 242) = 5.36, p = .069, Cox and Snell pseudo R2 = .02). In support of our hypotheses, infants born at 37 weeks GA were significantly more likely to have attended nonroutine visits to doctors than infants born at full-term GA (61.1% of 37 GA group, 41.5% of infant born at term (B = 1.03, SE = .46, Wald (1, 242) = 5.0, p = .025; 95% CI [0.13, 1.93]).  In comparison, 48.8% of infants born at 38 weeks attended nonroutine visits – a percentage not significantly different than that of the full-term group.  The odds of infants born at 37 weeks attending a nonroutine medical visit was 2.80 times (95% CI [1.14, 6.91]) that of full-term infants. In contrast, infants born at 38 weeks were 1.46 more likely than infants born at term (95% CI [ 0.77, 2.80]) to attend such visits. 
		 Table 3 shows the prevalence of medical issues that prompted nonroutine visits to doctors.  The data do not point to specific issues related to GA at 37 or 38 weeks in comparison to infants born full-term. The most prevalent issues across the whole sample were respiratory and gastric.  
     		Results from supplemental analyses, using a reference group limited to infants born at 39-40 weeks GA (N = 221), were essentially the same as the primary analyses (GA 39 – 42 weeks. Additionally, the results from analyses in which GAs were derived from early ultrasounds (n = 170) were similar to results based on GAs calculated from the LMP. Finally, we found no association between either counts of complications or unplanned C-sections of induced vaginal deliveries and GA (37 vs. 39+ weeks). We also found no association between the prevalence of pregnancy complications or unplanned C-sections/induced vaginal deliveries and outcome variables (ps> .05). 
 	Discussion 
		We had predicted more frequent negativity, less regulation, and less extraversion in the group of infants born at 37 weeks.  In partial support, 3-month old infants born at 37 weeks GA were rated as less extraverted than the reference group. Contrary to predictions, NA was higher in the reference group than in the 37 week group, and Regulation did not significantly differ across GA groups, though there was a negative linear trend (37 weeks > reference, p = .08). Though none of the distinguishing characteristics of early-term infants were robust, the findings suggest that in the present sample of infants with uncomplicated gestations and healthy at birth, those born at 37 weeks tended to show less frequent (intense) affect (both positive and negative) at 3-months of age compared to same-aged infants born after full-term gestation. Notably, infants born at 38 weeks showed no distinctions on any temperament dimension compared to infants born later on. 
		These findings are the first to examine infants’ temperament across the normal range of GA. The finding of less intense affect among early-term infants could be because they may sleep more and therefore seemingly cry less then infants born at full term.  In addition, parents may be more responsive to their ‘slightly early’ (37 week old) infant and in general expend more efforts in regulating the baby.  However, whatever the reason, infants’ affective signals are important features of parent-infant interactions, which play a significant role in infants’ development [32].  
		As predicted, infants born at 37 weeks GA were more likely to see doctors for nonroutine health visits compared to infants born later in gestation. Further, supplemental analyses revealed no differences between infants born at 37 weeks and the reference group on counts of perinatal complications or on the number of unplanned C-sections/induced vaginal deliveries, suggesting that these variables cannot explain our findings. Moreover, we found no correlation between perinatal complications and doctors visits or temperament.  
 		Several additional points are worth mentioning. First, the BW of infants in our sample, though within normal range, was associated with infants’ NA.  This result supplements previous findings of an association between body size at birth and expressed negativity in school-aged children [33]. Second, we note that NA, but not Regulation or Extraversion, was related to number of doctor’s visits. This finding could suggest that frequent crying by an infant is associated with mothers’ seeking of medical attention for their infant; but that this is less likely the case with frequent shows of positive affect (i.e., Extraversion) or Regulation.  Also, Regulation was inversely related to NA and positively related to Extraversion, which is logical assuming that infants who have more difficulty keeping their physiological state within comfortable bounds (i.e., poor regulation) are more likely to cry and less likely to show positive affect than infants who are more regulated [34]. Additionally, our results, as those in many other studies [e.g., 35], suggest that negative and positive emotional states are not necessarily complementary.  
		There are limitations to our study. First, our data on temperament were based on mothers’ subjective assessments.  Second, size effects were generally small. Third, the sample may not have had the power to discern subtle differences between early-term and full-term infants. Fourth, our results could be explained by factors, besides ETD, such as parents’ worries or short latency responsiveness to infants’ cry.  Fifth, we did not explore all possible covariates, such as mothers’ stress level, which could have explained more variance in our models. Sixth, pregnancy complications were reported retrospectively by the mothers, which could have introduced some bias. Finally, our results may not generalize to samples that include women with complicated births. 
	In conclusion, our study points to differences between infants born at 37 weeks GA and those born at later term. The results add to the existing literature that shows associations between aspects of development and the normal range of GAs at birth. Our findings, on a sample with very few health complications, revealed additional correlates: temperament dimensions, particularly Extraversion and Negative Affect, and utilization of medical services post birth. We note again that most of the early-term infants in our sample were delivered spontaneously and the delivery of the others, by induced vaginal delivery or C-section, were backed by solid clinical rationale. Our results suggest that, routinely, this should be the case.  As such, the results support the call by the American College of Obstetrics and Gynecologists to limit the rate of nonmedically indicated ETDs and to balance the risks of pregnancy prolongation with the developmental risks associated with ETDs [36].  
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Current Knowledge 
· Many pregnancies are foreshortened without a solid medical rationale. 
· Early terms births are associated with an increased risk for postnatal morbidity and   	for developmental problems during childhood and adolescence. 
· Early perturbations of health and temperament may preempt or mediate long term 	developmental issues associated with early term deliveries. 

What this study adds
· Three month old Infants born at 37 weeks gestational age are less expressive than 	infants born full-term. 
· The odds of infants born at 37 weeks attending a non-routine medical visit were 2.80 	times that of infants born full-term. 
· The results suggest that foreshortened gestation within normal range is associated 	with infants’ temperament and health. 




