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Abstract

BACKGROUND: Research suggests that children’s health and well-being are supported by 

core adaptive systems, including the autonomic nervous system (ANS). Despite evidence for 

the importance of adulthood ANS regulation in the development of disease, few studies have 

examined how early development may influence emerging ANS function. Therefore, we examined 

how infant adiposity gain during early infancy related to ANS regulation at 6-months.

METHODS: Infant weight and length were abstracted from birth records and measured 

during the 6-month assessment in a low-income, racially/ethnically diverse sample (N = 60). 

WHO-standardized weight-for-length-gain change was calculated across the first 6 months of 

life. ANS reactivity was measured as the combined sympathetic (i.e., pre-ejection period) 

and parasympathetic (i.e., respiratory sinus arrhythmia) nervous system responses during the 

developmentally challenging Still Face Paradigm (SFP). ANS “classic reactivity” response was 

characterized by paired sympathetic activation and parasympathetic withdrawal.
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RESULTS: Lower weight-for-length gain in the first 6 months predicted classic reactivity during 

still face. However, greater weight-for-length gain predicted ‘classic reactivity’ during the reunion, 

when infants were expected to recover, suggesting autonomic dysregulation.

CONCLUSION: These findings suggest an association between early life adiposity gain and the 

development of infant ANS regulation.

Understanding the development of a healthy child comes from recognizing societal, 

environmental, and biological factors that support health and wellness, including 

physiological regulation. The autonomic nervous system (ANS) is a core physiological 

system that supports our capacity to navigate an everchanging world and contributes to the 

modulation of energy expenditure and/or preservation [1, 2]. The ANS is co-regulated by 

two complementary inputs – the sympathetic excitatory system and the parasympathetic 

inhibitory system that work together to mobilize flexible stress reactivity (i.e., mobilization 

of energy to meet environmental demands) and recovery (i.e., restoration of homeostasis 

following mobilization). ANS regulation encompasses these adequate reactivity and/or 

recovery responses, however, responses may also be dysregulated, such as when reactivity 

and/or recovery processes may be inadequate to meet environmental demands or may 

meet immediate demands but increase potential risks for negative long-term physical or 

psychosocial outcomes. Cardiac measures of the ANS represent a moment-to-moment 

dynamic assessment of real-time regulation [3], and ANS regulation has been shown 

to predict a range of outcomes in infants and children including attachment to parent, 

occurrence of behavior problems, and psychopathology [4, 5]. However, despite existing 

theories and studies of adult populations supporting the importance of ANS regulation in the 

development of health risks and the pathogenesis of disease [6, 7]. very few studies have 

examined these associations across early development, before health problems manifest [4].

Bourgeoning research in adults suggests that ANS dysregulation may be one mechanism 

of disease development and pathological processes associated with immune problems, 

cardiovascular disease, cancer, and obesity [6–8]. Of these, childhood obesity is an 

increasing concern for younger populations because it is highly prevalent in the United 

States and a risk factor for poor physical and psychosocial health into adulthood [9]. 

Children with and without obesity exhibit differences in patterns of ANS regulation, but 

the majority of these studies are cross-sectional [10, 11]. Limited research has explored the 

development of these differences and whether early infant weight or adiposity gain may be 

associated with later ANS differences in early childhood [12–14].

Although only a few reports have examined the development of the ANS throughout 

infancy, findings suggest that early environments influence both structural development and 

functional regulation of these systems [15, 16]. Prenatal and early life stress is an especially 

salient predictor of differences in physiological reactivity and has been most consistently 

examined in previous research [17, 18]. However, preliminary research also suggests that 

physical systems, such as rapid early weight gain, may also influence ANS development 

[19], as well as increase risk for future obesity [20, 21]. Further, to our knowledge, no 

studies of infant weight gain or adiposity have examined the joint functioning of both 
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sympathetic and parasympathetic branches to assess ANS coordination within individuals, 

despite longstanding acknowledgement of their complementary, integrated function.

The current study sought to address these gaps in the literature by examining if infant 

weight-for-length gain during the first 6 months is related to coordinated sympathetic and 

parasympathetic nervous system reactivity across periods of challenge and recovery in a 

racially- and ethnically- diverse sample of low-income children at increased risk for obesity. 

Importantly, given the consistent evidence that early life stress ‘programs’ physiological 

systems, particularly in this sample [22], we sought to examine whether weight-for-length 

gain would be associated with ANS regulation above and beyond the influence of early life 

stress [22]. The study leveraged the Still Face Paradigm (SFP), a gold standard experimental 

infant stress protocol, to identify infants who demonstrate a “typical” ANS stress response 

(sympathetic nervous system activation and parasympathetic withdrawal during the stressor) 

compared to infants with a dysregulated or dampened ANS response. We hypothesized that 

more normative infant weight-for-length gain across the first 6 months would be associated 

with a profile of typical ANS regulation during stress and recovery (i.e., reactivity during 

still face and recovery following still face). Further, we hypothesized that greater weight-for

length gain in the first 6 months would be associated with dysregulated ANS responses (e.g., 

no reactivity during still face and reactivity during recovery periods) following the still face.

Methods

Participants

The current sample leveraged a longitudinal cohort designed to explore the effects of 

prenatal influences such as maternal stress and weight gain on child health and development 

[22]. Participants were enrolled from a larger mindfulness intervention study of 215 

pregnant women with obesity designed to prevent excessive weight gain during pregnancy 

[23]. Criteria for inclusion from the pregnancy study included that all women were: 1) 

English speaking, 2) between 18–45 years of age, 3) 8–23 weeks pregnant with singleton, 4) 

have a pre-pregnancy BMI of 25 – 40 kg/m2, and 6) incomes less than 500% of the Federal 

Poverty Level, which is considered lower-income given the cost of living in the area. Women 

were excluded if they 1) had medical conditions that were known to interfere with baseline 

body composition or gestational weight gain, 2) were currently taking medications related 

to weight loss, diabetes, antidepressants, antipsychotics, opiate drugs, or corticosteroids, and 

3) have received gastric bypass surgery. All 202 mothers with live births were approached 

to participate in the subsequent longitudinal follow-up study and 162 mothers consented. 

The University of California San Francisco institutional review board approved all study 

protocols and written informed consent was collected from mothers before initiation of any 

data collection with mother or child.

Recruitment and further participant details for the original pregnancy study and the current 

infant study have been published previously [22, 23]. A total of 162 (80%) mothers and their 

infants were enrolled in the current study of children’s health and development. To retain 

highest sample size, participants were given the choice to participate in lab or in their home. 

Due to delays in funding, ANS measures were only collected in a subset of infants (N = 

67), and a few infants (N = 7) did not tolerate the application of the electrodes, or other 
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aspects of the protocol and thus had no or incomplete ANS data [22]. The current study 

sample included only infants who participated in data collection at 6 months (Mean Age = 

6.4 months, SD = 0.51) with valid, complete ANS data (N= 60).

Infant Weight-for-Length Gain

Infant birth weight was abstracted from the birth record. Weight at six months was measured 

by trained research assistants using a SECA scale (model 383) and length was measured 

using the Infant/Child Height-Length ShorrBoard. Measurements were repeated twice, 

and a third measurement was obtained if the first two measurements were incongruent 

(e.g., weight difference > 0.2kg or length difference > 0.5cm). Then, an average of the 

congruent measurements was calculated for each infant. Weight measurements were used 

to derive age- and sex- specific weight according to the World Health Organization (WHO) 

2006 growth charts [24]. These comparisons yielded a z-score of their normed weight

for-length. Weight-for-length change was then determined as the difference between the 

normed birthweight-for-length and the normed 6-month weight-for-length scores, providing 

a final continuous score of standardized weight-for-length change over the first 6 months. 

A weight-for-length change score of 0 would indicate that the infant gained the average 

amount of expected weight-for-length, relative to the WHO sample, while a positive or 

negative change score would represent more than the normed average and less than the 

normed average weight-for-length gain, respectively.

Autonomic Nervous System

ANS regulation was measured during a standardized SFP (see https://youtu.be/

apzXGEbZht0 for example). The SFP is a widely-used experimental paradigm for evaluating 

infant physiological, behavioral, and emotional regulation at 6-months of age, which has 

demonstrated validity [25] and reliability [26] across multiple samples [27]. The SFP is 

designed to elicit infant regulation in response to periods of parental interaction where play 

is encouraged as normal and periods of disengagement when the mother stares straight 

ahead with a neutral and unchanging expression. The current study utilized a 10-minute 

double SFP including five episodes: 2-min play (play1); 2-min still face challenge (SF 1); 

2-min play (reunion 1); 2-min still face challenge (SF 2); and 2-min play (reunion 2), which 

is detailed in prior publications (see Figure 1) [22]. A subset of infants (N = 12) did not 

tolerate the second SF exposure, therefore, to maintain the largest possible sample size, SF 

reactivity and reunion scores were taken for the last completed SF and reunion episodes. A 

dichotomous variable indicating whether or not infants completed both SF challenges was 

included in statistical models to control for potential bias.

ANS regulation was collected continuously throughout the SFP using BioNex 

hardware and BioLab acquisition software version 3.0 (Mindware Technologies, Ltd., 

www.mindwaretech.com) via spot electrodes placed on the infants. The full ANS collection 

and scoring methods protocol have been previously described [28]. Parasympathetic nervous 

system reactivity was assessed using respiratory sinus arrhythmia (RSA; the naturally 

occurring variation in heart rate as a function of respiration). RSA was calculated using the 

interbeat intervals (IBI) detected from electrocardiogram (ECG) readings, respiration rates 

detected from impedance waveforms (e.g., dZ/dt), and a bandwidth range of 0.15 to 1.04 Hz 
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for infants of 6 months of age [29]. Pre-ejection period (PEP), an indicator of sympathetic 

activity, is a systolic time interval representing the elapsed duration from the beginning 

of electrical stimulation until the ejection of blood from the left ventricle [30]. PEP data 

were extracted and scored using impedance technologies where the ECG and impedance 

waveforms were used to obtain PEP measures quantified as the time interval in milliseconds 

from the onset of the ECG Q-wave to the B point of the dZ/dt wave. RSA and PEP data 

were filtered, extracted, and then scored in 30-second intervals and cleaned by examining for 

artifacts, checking all outliers (>3SD), and deleting individual data files if more than 25% of 

the 30-second epochs were unscorable.

Separate PEP and RSA change scores were calculated for both the SFP challenge and the 

reunion episodes. “Reactivity” during the still face challenge was computed by subtracting 

the last completed still face by the baseline play 1 episode yielding two change variables, 

one for RSA and one for PEP. On the other hand, “recovery” during the reunion episode 

following the last still face was computed by subtracting the final reunion episode from 

the previous still face challenge yielding two change variables, one for RSA and one for 

PEP. Next, to assess joint ANS reactivity during still face, PEP and RSA change scores 

were combined. Previous research suggests that a “classic reactivity” response characterized 

by sympathetic activation (i.e., PEP shortening) and parasympathetic withdrawal (i.e., 

RSA decrease) is the most commonly studied response to a distressing challenge [31, 

32]. Therefore, this study focused on understanding this response pattern only, and a 

dichotomous variable was calculated for those who demonstrated classic reactivity during 

the still face (i.e., negative PEP change score and negative RSA change score) versus all 

other types of responses. This process was repeated for recovery scores such that infants 

who had a paired ANS response of sympathetic activation and parasympathetic withdrawal 

during reunion compared to the last still face were classified as demonstrating a delayed 

‘classic reactivity’ response versus all other types of dual-system responses.

Covariates

Gestational age, self-reported pre-pregnancy BMI (weight kg/height m2), birthweight, 

cigarette smoking during pregnancy, and infant sex were obtained via labor and delivery 

medical records. Participants reported total household income and household size at 6

months, which were used to calculate a continuous score of U.S. federal poverty level 

[33]. At the 6 month interview, mothers reported on their breastfeeding behavior and a 

dichotomized score was created to determine whether infants were exclusively breastfed 

from birth to 6-months-old or not [34]. During pregnancy and at the 6-month visit, mothers 

reported on their perceptions of stress in the previous month, using Cohen’s Perceived Stress 

Scale [PSS] [35]. Postnatally, they also retrospectively reported on their experiences of 

objective Stressful Life Events (SLE) that occurred during pregnancy [36]. Stress measures 

were maintained as continuous scores, and further detail about these measurements are 

presented in prior publications [22]. A variable indicating whether the infant completed 

the full SFP and another variable indicating whether or not mothers participated in the 

prenatal stress-management intervention conducted in the original study (which did not 

affect gestational weight gain but did reduce maternal perceptions of stress) [23] were also 

included in all models.
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Data Analysis

Analyses were performed in SPSS version 26. Descriptive statistics were calculated 

for demographic characteristics of the sample. Preliminary independent samples t-tests 

exploring potential bias were used to assess if individuals differed significantly based 

on whether they completed one or both still face challenge episodes. Primary analyses 

examining the association between continuous infant weight-for-length gain and the 

dichotomous grouping of ANS reactivity utilized multivariate logistic regression testing 

the probability of observing the classic reactivity response during the still face challenge 

and reunion recovery episodes separately. Because of previous findings that prenatal stress 

was associated with infant ANS at 6-months in this sample [22, 27], comparisons of 

ANS regulation across the still face and reunion episodes included both prenatal and 

concurrent 6-month reports of stress. However, due to concerns about multicollinearity 

[22], separate models were conducted for the prenatal- and concurrent maternal stress 

variables, resulting in two models evaluating associations with still face ANS and two 

models evaluating associations with reunion ANS. Original models included all covariates, 

however, to preserve the most parsimonious model, covariates that did not meaningfully 

influence coefficients with p > 0.25 were deleted listwise [37].

Results

Figure 1 displays a conceptual example of anticipated infant responses across the SFP based 

off previous research. Table 1 presents demographic information of the whole sample, and 

the sample split by classic reactivity or other reactivity. On average, the current sample had 

more weight-for-length gain over the first 6-months compared to global WHO averages, 

(M = 1.19, SD = 1.77). Further, 17 (28.3%) infants in the current sample met clinical 

criteria for rapid infant weight gain [21]. Preliminary analyses found significant differences 

in RSA and PEP recovery scores during reunion for infants who completed one versus 

both still face episodes, confirming the need to include this as a covariate in all regression 

models to control for potential bias. Mother’s pre-pregnancy BMI, birthweight, intervention 

assignment, SLE, and poverty were not significant covariates in any logistic models (p
values = 0.42 – 0.87) and where therefore dropped from analyses. Final logistic models 

adjusted for the effects of either prenatal or concurrent perceived stress, breastfeeding, child 

sex, and whether children completed one or both still face challenges.

Adjusted logistic regression models across both the still face challenge and reunion episodes 

were each initially modeled twice to separately assess prenatal and concurrent stress. The 

beta coefficients across both models were similar, but prenatal stress was not statistically 

significant within its model, therefore, subsequent models controlled for only concurrent 

stress, and results for those models are shown in Table 2. The first logistic regression model 

showed that, for each one standard deviation of weight-for-length gain above the sample 

mean, infants were .52 times less likely to demonstrate classic reactivity to the still face 

challenge (OR = 0.52; 95% CI [0.27, 0.97]; p = .04). In other words, infants who gained on 

pace with WHO norms over the first 6 months were more likely to react to the still face with 

classic reactivity. Although not a main focus of the study, of note, higher levels of mother’s 

reported concurrent stress was associated with .38 lower odds of infants having a classic 
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reactivity response to the still face (OR = 0.38; 95% CI [0.14, 0.99]; p = .04). No other 

covariates were significantly associated with classic reactivity.

Second, examining the reunion episode following the still face challenge, infant weight

for-length gain was significantly associated with a ‘classic reactivity’ response such that 

infants with gains of one standard deviation above the sample mean over the first 6 

months were 2.35 times more likely to evidence sympathetic activation and parasympathetic 

withdrawal during the reunion episode (OR =2.35; 95% CI [1.03, 5.36]; p = .03; Table 

2). In other words, infants who gained more than expected based on WHO norms were 

more likely to react with ‘classic reactivity’ during the recovery period. Figure 2 presents 

a conceptual comparison of the expected recovery response versus the delayed ‘classic 

reactivity’ response. No covariates were significant predictors in this model.

Post-hoc explorations probing these two models revealed that only one infant who evidenced 

classic reactivity during the still face challenge also demonstrated ‘classic reactivity’ during 

the reunion episode. This confirmed that rather than prolonged classic reactivity (i.e., 

continuing to react in a classic reactivity pattern across both episodes), the infants who 

evidenced ‘classic reactivity’ during the intended recovery period (i.e., reunion episode) 

were exhibiting delayed ANS activation in both the sympathetic and parasympathetic 

branches.

Discussion

The present study found that, after adjusting for effects of maternal stress and key covariates, 

infant weight-for-length gain from birth to 6 months was associated with patterns of joint 

sympathetic and parasympathetic reactivity at 6 months, within a racially and ethnically 

diverse low-income sample of infants at increased risk for developing obesity [38]. In 

line with our hypotheses, less weight-for-length gain was associated with classic reactivity 

during the still face challenge and greater weight-for-length gain was associated with a 

dysregulated response of classic reactivity during reunion. Thus, results suggest that higher 

levels of weight-for-length gain in early life were associated with autonomic dysregulation 

at 6 months as measured using the gold standard SFP infant stress protocol. The current 

findings contribute new evidence supporting the view that early individual physical states 

[19], in addition to early adverse experiences [22], may influence developing autonomic 

nervous systems early in life in potentially impactful ways.

Importantly, the average weight-for-length change of the current sample is more than 

one standard deviation higher than global WHO averages and recommendations, putting 

those who gained more than one standard deviation into a clinically high-risk group for 

developing obesity [21]. Therefore, infants in our specific sample who gained one standard 

deviation less than our sample mean were more likely to have gained normative amounts of 

weight-for-length during their first 6-months of life. Follow up analyses (data not shown) 

confirmed that ANS differences were not associated with stunted linear length growth, 

further suggesting that the results shown here capture excessive weight gain. Given previous 

research that recognizes rapid and excessive infant weight gain as an especially salient 
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predictor of later development of obesity [21], understanding the potential mechanism of 

ANS dysregulation is particularly important.

The SFP is a unique paradigm that enables the examination of behavioral, emotional, 

and physiological regulation in infants. In context of the parent-child relationship, 

unexpected disengagement from a primary caregiver causes distress that engages these 

regulatory systems and increases arousal. Classic reactivity is the autonomic response 

that is hypothesized to best support this type of infant distress [27], where infants show 

sympathetic activation and parasympathetic withdrawal, and has been associated with 

positive physical health outcomes in childhood [39]. Our findings suggest that infants 

who had weight-for-length gain closer to global WHO averages over the first 6 months 

of life were more likely to demonstrate a classic reactivity response during the still face 

challenge, suggesting that average weight-for-length gain in the first 6-month may facilitate 

programming of adequate stress responsivity. Conversely, following disengagement, infants 

should begin to decrease in arousal as their primary caregiver returns to normative playing 

behavior during reunion episodes, which is intended to provide emotional and physiological 

recovery from the stress of the challenge task. Therefore, ‘classic reactivity’ demonstrated 

during the reunion is potentially indicative of ANS dysregulation early in life. Our findings 

indicated that infants with greater than expected weight-for-length gain over the first 

6-months were more likely to demonstrate this delayed or potentially displaced ‘classic 

reactivity’ response during reunion. Importantly, the quality of the parent-child relationship 

may also influence reactivity during this socio-emotional challenge. Evidence from studies 

using this paradigm suggests that infants of nurturant and responsive caregivers are upset by 

their disengagement because it is novel, and infants are soothed by their positive interaction 

during reunion [27], whereas infants of a less responsive caregiver may exhibit more 

disorganized reactions because care and nurturing are not consistent and/or expected [27]. 

Such differences in parent-child relationships or infant irritability could also influence the 

quality and quantity of feeding behavior, which may relate to relative weight-for-length gain 

in these infants.

Previous research examining the links between weight gain and ANS have done so primarily 

by examining correlates of group differences [10, 11], and very few have examined 

the development of these differences [14]. ANS dysregulation has been proposed as an 

explanatory mechanism of increased health risk and cardiovascular disease progression [40], 

and similar pathways may be evident in the development of obesity [41]. Understanding 

how early life influences may disrupt the development of these mechanistic pathways are 

important to fully understanding disease progression and develop interventions focused on 

prevention. High weight gain early in life may ‘program’ ANS regulatory processes in ways 

that contribute to potentially problematic adaptation to challenge and calibration of energy 

expenditure across development [14, 42]. Importantly, although the current findings suggest 

an association such that early gain contributes to ANS dysregulation, we were unable to test 

causation or possible multidirectionality of effects and recognize that the process is likely 

complex. This early dysregulation may subsequently contribute to maladaptive biological 

processes across systems that increase likelihood of obesity development. For example, 

studies in adulthood document links between the ANS and both plasticity of adipose tissue 
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[43] and metabolic dysfunction [44] which may illustrate additional mechanisms by which 

ANS can contribute to obesity.

Although we observed that weight-for-length gain over the first 6 months was associated 

with ANS dysregulation at 6 months, the single time point of data available for each of the 

measures precludes us from identifying the directionality of the relationships. Weight change 

could be driving these associations, but other explanations are possible, such that infants 

have different ANS reactivity at birth, which leads to this increased weight-for-length gain. 

However, there is no known and reliable method of assessing ANS reactivity and recovery 

at birth, which prevents ascertainment of causal directionality. Further, infant sympathetic 

nervous system function is not easily measured—the current study represents one of a few 

known studies with PEP reactivity data in infancy. This study focuses on one of the earliest 

periods when ANS regulation can be reliably measured, and points to weight gain at a 

critical period early in life as associated with differences in ANS regulation. If these effects 

persist, it could set up a trajectory of higher risk for overeating and metabolic disease.

Limitations

Although the current study contributes new understanding of differences in ANS reactivity 

in early life that are relevant to young children’s health, there are a number of limitations 

that provide opportunities for future research. First, although our sample provides much

needed data on low-income women of diverse racial and ethnic backgrounds, this may limit 

the generalizability of our findings to other populations and our small sample warrants 

replication. Second, our inability to adjust for infant postnatal exposure to household 

cigarette smoking is also a limitation, although maternal cigarette smoking during pregnancy 

was very low in this sample (0.33%; consistent with low regional rates of smoking, in 

general), and its inclusion in analyses did not alter findings. Similarly, we do not have 

data on mother’s marijuana use pre- or postnatally. Third, reports suggest that using 

z-score in examinations of children’s height can occlude the observation of catch-up 

growth that occurs following early rearing in a deprivation context [45], although not 

directly relevant to the current study, this may be an important consideration of future 

work on older children in high-stress contexts. Importantly, we chose to focus on the most 

well understood ANS response of classic reactivity, however, by dichotomizing reactivity, 

we may be missing important individual differences captured in other ANS response 

patterns. Similarly, categorical split variables necessarily eliminate potentially important 

characteristics of ANS reactivity such as magnitude of response. Given our small sample 

size, this acts as a good first step in broadly understanding these associations but may be an 

oversimplification of the regulatory dynamics at play. Since we cannot definitively identify 

causal relationships between weight-for-length and ANS reactivity, this study is limited in 

its ability to predict ANS reactivity. Future studies need to replicate this study design and 

continue to follow infants into early childhood. Finally, ANS reactivity in infancy does 

not necessarily represent long term reactivity responses since research suggests regulatory 

systems are highly flexible during the first few years of life before stabilizing in later 

childhood [46]. Future longitudinal research should track developmental trajectories of these 

relations over time as well as timing and effectiveness of various interventions.

Rudd et al. Page 9

Pediatr Res. Author manuscript; available in PMC 2021 September 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusion

Overall, the current study results show that weight-for-length changes from birth to 

6 months of life are associated with infant ANS regulation at 6 months, above and 

beyond other empirically documented influences, such as maternal pre- and postnatal 

stress and breastfeeding. If replicated, our findings may be especially relevant to 

policy and intervention work targeted at prevention of obesity in at risk children. In 

addition to identifying infants of mothers with obesity, implementing screenings to detect 

early adversity, accelerated early weight-for-length gain, and dysregulated physiological 

responses may detect compounding risks of infants developing future obesity. Further, 

highlighting physiological regulatory factors that stem from above average early gain may 

provide additional points of intervention [47]. Future research that employs longitudinal 

examinations from infancy through childhood is required to elucidate the directional effects 

of weight-for-length gain and ANS regulation as well as inform development of targeted 

interventions to support infants with potentially dysfunctional regulatory processes.
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Impact:

• Adiposity gain during early infancy was associated with Autonomic Nervous 

System regulation at 6-months

• This study identifies early adiposity gain (greater than average infant weight

for-length gain) as a risk for ANS dysregulation

• This research focuses on a critical developmental period of ANS plasticity

• If confirmed, findings can be used to inform early intervention programs 

targeting obesity prevention and to promote self-regulation
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Figure 1. 
Conceptual example of the Still Face Paradigm protocol and a classic reactivity response 

across all five episodesNote: This diagram is a conceptual example only and does not 

represent real data. There are individual differences in the patterns that were present in the 

current sample.
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Figure 2. 
Conceptual comparison of the expected recovery during reunion versus a ‘classic reactivity’ 

response during the reunion episode of the Still Face Paradigm (SFP) protocol
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