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Infant Psychosocial Environment Predicts Adolescent
Cardiometabolic Risk: A Prospective Study

Jenalee R. Doom, PhD1,2, Brie M. Reid, MA3, Estela Blanco, MPH, MA4,5, Raquel Burrows, MD6,

Betsy Lozoff, MD1,2, and Sheila Gahagan, MD, MPH1,4

Objective To prospectively assess whether the infant psychosocial environment was associated with cardiome-
tabolic risk as early as adolescence.
Study design Participants were recruited in Santiago, Chile, and have been followed from infancy. Inclusion
criteria included healthy infants with birth weight ³3 kg and a stable caregiver. The psychosocial environment,
including depressive symptoms, stressful life events, poor support for child development, father absence, and so-
cioeconomic status, was reported by mothers at 6-12 months. Body mass index (BMI) z score was assessed at 5
and 10 years. BMI z score, waist-to-hip ratio, systolic and diastolic blood pressure, fat mass and body fat percent-
age, fasting glucose, total and high-density lipoprotein cholesterol, and homeostatic model of insulin resistance
were tested in adolescence.
Results Adolescents ranged from 16 to 18 years of age (n = 588; 48.1% female). A poorer infant psychosocial envi-
ronment was associated with BMI z score at 10 years (b = 0.10, 95% CI = 0.00-0.19) and in adolescence (b = 0.15,
95%CI = 0.06-0.24) but not at 5 years. A poorer infant psychosocial environment was associated with higher blood
pressure (b = 0.15, 95% CI = 0.05-0.24), greater anthropometric risk (b = 0.13, 95% CI = 0.03-0.22), greater
biomarker (triglycerides, homeostatic model assessment of insulin resistance, total cholesterol) risk (b = 0.12,
95% CI = 0.02-0.22), and a higher likelihood of metabolic syndrome in adolescence (aOR = 1.50; 95% CI = 1.06-
2.12).
Conclusions These findings demonstrate that a poorer infant psychosocial environment was associated with
greater adolescent cardiometabolic risk. The results support screening for infants’ psychosocial environments
and further research into causality, mechanisms, prevention, and intervention. (J Pediatr 2019;209:85-91).
P
sychosocial stress and poor psychosocial environments in childhood predict greater likelihood of developing cardio-
vascular disease (CVD) and metabolic syndrome (MetS) in adulthood.1-5 However, most studies examining these as-
sociations are cross-sectional, using retrospective reports of childhood stress and environment obtained in adulthood.

Of the few prospective studies,6-10 even fewer have examined whether differences in CVD and MetS risk emerge as early as
adolescence—or even earlier in childhood. There is debate about how early these differences emerge, with some evidence
that changes in cardiovascular health following a poor childhood psychosocial environment may be reliably detected during
adolescence, and other studies suggest that changes can be detected starting in adulthood.4 Discrepancies may result because
differences in the prevalence of obesity, MetS, or CVD between individuals with and without histories of a poor psychosocial
environment may not emerge until adulthood, but underlying risk, including increased body fat, blood pressure, and bio-
markers (eg, triglycerides, glucose, insulin) may emerge earlier. The early psychosocial environment could also be more asso-
ciated with some biomarkers of risk than others before disease onset in adulthood. Early detection of risk profiles for CVD and
From the 1Center for Human Growth and Development,
University of Michigan, Ann Arbor, MI; 2Department of
Pediatrics, University of Michigan, Ann Arbor, MI;
3Institute of Child Development, University of Minnesota,
Minneapolis, MN; 4Department of Pediatrics, University
of California San Diego, San Diego, CA; 5Doctoral
MetS following a poor early psychosocial environment is important for preven-
tion of later disease.

The aim of this study was to examine whether a poor psychosocial environ-
ment in infancy was associated with a higher likelihood of MetS in adolescence,
controlling for the concurrent environment, and to test whether the associations
were specific to 3 clusters of risk: blood pressure, anthropometric risk, and
Program in Public Health, School of Public Health,
Universidad de Chile; and 6Universidad de Chile,
Instituto de Nutrici�on y Tecnolog�ıa de los Alimentos,
Santiago, Chile

Funded by the National Institutes of Health
(F32HD088029 [to J.D.], R01HD14122 [to B.L.],
R01HD33487 [to B.L. and S.G.], and R01HL088530 [to
S.G.]). The funder had no role in the study design; the
collection, analysis, and interpretation of data; the writing
of the report; or the decision to submit the manuscript for
publication. The authors declare no conflicts of interest.

0022-3476/$ - see frontmatter.ª2019Elsevier Inc.All rights reserved.

https://doi.org/10.1016/j.jpeds.2019.01.058

ACE Adverse childhood experience

BMI Body mass index

CVD Cardiovascular disease

HOMA-IR Homeostatic model assessment of insulin resistance

M Mean

MetS Metabolic syndrome

WHO World Health Organization

85

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://doi.org/10.1016/j.jpeds.2019.01.058
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpeds.2019.01.058&domain=pdf


THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 209 � June 2019
biomarkers of cardiometabolic risk. The association between
infant psychosocial environment and bodymass index (BMI)
z scores was also tested throughout childhood to investigate
how early cardiometabolic risk emerges following a poor in-
fant psychosocial environment.

Methods

The current study is based on a longitudinal cohort that
began as an infancy iron deficiency anemia preventive trial
with follow-up at 5 years of age, 10 years of age, and several
time points in adolescence. From 1991 to 1996, 6-month-old
infants were enrolled at clinics in working-class communities
in Santiago, Chile. Inclusion criteria for the infancy study
included birth weight ³3.0 kg, singleton term birth, stable
caregiver, vaginal delivery, and residence in the selected com-
munities. Exclusion criteria included birth complications,
major congenital anomaly, phototherapy, illness, hospitaliza-
tion longer than 5 days, iron therapy, another infant less than
12 months old in the household, infant in day care, or a care-
giver who was illiterate or psychotic.11 The appropriate Insti-
tutional Review Boards approved the initial and follow-up
studies (Supplementary Methods, Appendix [available at
www.jpeds.com]). Informed consent was obtained from the
parent at each time point.

Questionnaires about the infant psychosocial environment
were administered to mothers by clinical psychologist
interviews when the infants were 6-12 months old to assess
family-level psychosocial environment. The psychosocial
environment was assessed as a composite variable using the
top quartile of risk in 7 categories: maternal depressive symp-
toms,12,13 home support for child development,14 maternal
stress,15,16 father absence, socioeconomic status,17 and
maternal and paternal education (Appendix). Descriptive
statistics were calculated, and participants in the risk
quartile for each category were assigned a score of 1, and
those in the other 3 quartiles were assigned a score of 0.
These values were added to create a risk score from 0 to 7.
If items were missing, the score was prorated using the
nonmissing items (using the mean across the available
items). If a participant was missing more than 3 items, they
were given a missing value for the composite. The same
mother-reported measures were used to create psychosocial
environment composites at 5 years of age, 10 years of age,
and adolescence.

Height and weight were assessed at 5 and 10 years of age by
a research nurse at the Instituto de Nutrici�on y Tecnolog�ıa de
los Alimentos at the Universidad de Chile, and BMI was con-
verted to z scores using World Health Organization (WHO)
standards.

Between 16 and 18 years of age, we examined the following
cardiometabolic risk factors: BMI z score (WHO), waist
circumference, fat mass index (fat mass/height2), percent
fat mass (fat mass/total body mass), systolic and diastolic
blood pressure, fasting plasma glucose and insulin for
homeostatic model assessment of insulin resistance
(HOMA-IR), triglycerides, total and high-density lipopro-
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tein cholesterol, and MetS. Anthropometry and blood pres-
sure were measured by research physicians. A serum
sample was obtained after a 12-hour overnight fast. We
used the International Diabetes Federation criteria for
MetS18: waist circumference ³94 cm for male and ³80 cm
for female subjects, plus any 2 of the following 4 factors:
(1) triglycerides ³150 mg/dL; (2) high-density lipoprotein
cholesterol <40 mg/dL for male and <50 mg/dL for female
subjects; (3) systolic blood pressure ³130 mmHg or diastolic
blood pressure ³85 mm Hg; and (4) fasting plasma glucose
³100 mg/dL.
SPSS v 25 (SPSS Inc, Chicago, Illinois) was used for ana-

lyses. Covariates are detailed in the Appendix. First, timing
of cardiometabolic alterations was assessed using 3 linear
multivariable regression analyses using BMI z score at
5 years, 10 years, and adolescence as the dependent
variables in the separate analyses.
Second, MetS risk was examined as 3 separate composites

informed by factor analysis (Appendix) to examine whether
the psychosocial environment in infancy was more strongly
associated with separate components of cardiometabolic
risk. Factor analysis has been used to create composites of
cardiometabolic risk in both adolescent and adult
samples.19,20 Principal component analysis indicated that 3
factors had favorable psychometric properties to allow for
creation of continuous variables: (1) blood pressure, (2)
anthropometric risk, and (3) biomarker risk. To account
for sex differences in individual cardiometabolic risk
variables, each of the variables in the composites were
standardized within sex such that the final composites were
sex-adjusted. Blood pressure was the mean of the z scores
for systolic and diastolic blood pressure measures (factor
loadings ³.90; a = .77). Anthropometric risk was the mean
of the z scores for waist circumference, fat mass index (fat
mass/height2), percent fat mass (fat mass/total body mass),
and BMI (z score from WHO, age- and sex-adjusted; factor
loadings ³.88; a = .94). Biomarker risk was the mean of
the z scores for HOMA-IR, total cholesterol, and
triglycerides measures (factor loadings ³.70; a = .60). Three
multivariable linear regressions were conducted with each
of these variables as the dependent variable.
Third, to test whether a poorer psychosocial environment

in infancy was associated withMetS in adolescence, multivar-
iable logistic regression was conducted with MetS (0 = no
MetS, 1 = MetS) as the dependent variable. Control variables
were entered into the first step of the regression, and psycho-
social environment in infancy was entered into the second
step. Additional analyses of individual cardiometabolic risk
variables by infant psychosocial environment quartiles of
risk (lowest quartile to highest quartile) controlling for cova-
riates were conducted to demonstrate effect sizes by quartile
of risk (Figure and Table I; Table I available at www.jpeds.
com). Alpha levels of .05 were used to determine
significance. Sex differences were tested by adding an
interaction term between the mean-centered infant
psychosocial environment and sex variables for each
outcome. Finally, if infant psychosocial environment was
Doom et al
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Figure. Infant psychosocial environment composite risk quartiles by A, the blood pressure composite, B, the anthropometric
risk composite, C, the biomarker risk composite, and D, MetS classification, all controlling for covariates including sex. Lowest
quartile of risk = 0 on the composite (n = 121), second lowest is > 0 but £ 1.17 (n = 189), second highest is ³1.18 but £2.34
(n = 173), highest risk ³2.35 (n = 105). *P < .05, **P < .01.
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associated with either age 5-year or 10-year BMI z score, these
variables will be added to the final models with adolescent
outcomes to test for mediation through increases in BMI z
score at earlier time points.

Results

A total of 588 adolescents were included in analyses (283 fe-
male; 48.1%). At the age 5-year assessment, children ranged
from 5.5 to 6.0 years of age (mean [M] = 5.5 years, SD = .04),
and 9.9-10.4 years of age at the 10-year assessment
(M = 10.0 years, SD = .05). At the first adolescent assessment,
adolescents ranged from 11.9 to 17.8 years (M = 14.1 years,
SD = 1.5). Adolescents ranged from 16.4 to 18.1 years of
age at the cardiometabolic risk assessment (M = 16.8 years,
SD = 0.3). All participants were of Hispanic/Latino origin.
Among male adolescents, 22.0% had overweight (>1 SD
above WHO median) and an additional 14.1% had obesity
(>2 SD above WHO median) in adolescence. Among female
adolescents, 27.2% had overweight and an additional 15.5%
had obesity. Descriptive characteristics by sex are included in
Table II. Little’s Missing Completely at Random Test
Infant Psychosocial Environment Predicts Adolescent Cardiomet
indicated that the cardiometabolic risk, psychosocial
environment, and background variables were missing at
random.
A poorer psychosocial environment in infancy was not

associated with BMI z score at age 5 years (b = 0.07,
SE = .05, 95% CI = �0.03 to 0.16; P = .16) controlling for
age 5-year psychosocial environment. A poorer psychosocial
environment in infancy was associated with higher BMI z
score at age 10 years (b = 0.10, SE = 0.05, 95% CI = 0.00-
0.19; P = .05), controlling for age 10-year psychosocial envi-
ronment, and with higher BMI z scores at the adolescent
assessment (b = 0.15, SE = .05, 95% CI = 0.06-0.24,
P = .002), controlling for adolescent environment
(Table III). The interaction between sex and infant
psychosocial environment did not significantly predict BMI
z score at ages 5 years, 10 years, or adolescence, P > .50.
A poorer psychosocial environment in infancy was associ-

ated with higher adolescent blood pressure (b = 0.15,
SE = 0.05, 95% CI = 0.05-0.24; P = .003; Table III), higher
adolescent anthropometric risk (b = 0.13, SE = 0.05, 95%
CI = 0.03-0.22; P = .011), and higher biomarker (HOMA-
IR, total cholesterol, and triglycerides) risk (b = 0.12,
abolic Risk: A Prospective Study 87



Table II. Participant characteristics (N = 588)

Variables

Males (N = 305) Females (N = 283)

No. (%) M (SD) % Missing No. (%) M (SD) % Missing

Birth weight (g) 3598.4 (369.4) 0 3517.5 (362.0) 0
Weight increase from birth-6 mo (g) 4728.1 (868.0) 0 4213.0 (707.8) 0
Formula/milk intake (average mL/d) 381.0 (211.6) 0.3 379.0 (199.5) 0.4
Supplementation group 0 0
Iron supplemented 154 (50.5%) 171 (60.4%)
No added iron 151 (49.5%) 112 (39.6%)

Maternal age at birth (y) 26.56 (6.23) 0 26.15 (5.90) 0.4
Mother’s education in infancy (y) 9.46 (2.46) 0 9.74 (2.55) 0
Father’s education in infancy (y) 10.02 (2.44) 0 9.60 (2.79) 0
Father absence 42 (13.8%) 0 44 (15.5%) 0
Graffar (SES) in infancy 21.46 (5.88) 0 21.35 (5.55) 0
HOME score in infancy 30.51 (4.76) 0 29.94 (4.73) 0
Maternal stress in infancy 4.67 (2.62) 0.3 4.51 (2.54) 0
Maternal depressive symptoms in infancy 17.02 (9.47) 0 16.26 (10.09) 0
Psychosocial environment score
Infancy 1.57 (1.18) 0 1.62 (1.18) 0
5 y 1.85 (1.40) 0 1.93 (1.51) 0
10 y 1.97 (1.52) 9.5 1.92 (1.48) 12.4
Adolescence 2.09 (1.56) 4.9 2.11 (1.54) 4.9

BMI z score
5 y 1.07 (1.23) 0 0.97 (1.13) 1.1
10 y 1.20 (1.21) 9.2 0.99 (1.10) 12.4
Adolescence 0.60 (1.20) 0 0.76 (1.16) 0

Adolescent assessment
Participant age (y) 16.80 (0.24) 0 16.83 (0.27) 0
Parent: diabetes at adolescent assessment 41 (13.4%) 8.2 29 (11.2%) 8.5
Parent: hypertension at adolescent assessment 115 (37.7%) 4.6 108 (39.3%) 2.8
MetS present (IDF) 24 (7.9%) 0.3 25 (8.8%) 0
Waist circumference (cm) 81.25 (11.02) 0 81.35 (11.61) 0
Fat mass index (fat mass/height2) 5.58 (3.27) 0.7 9.16 (3.51) 1.4
Percent fat mass (%) 22.27 (8.88) 0.7 36.61 (7.35) 1.4
SBP (mm Hg) 114.91 (10.33) 0 108.07 (9.46) 0
DBP (mm Hg) 70.48 (6.84) 0 67.39 (6.83) 0
HOMA-IR 1.70 (1.01) 0.3 1.75 (0.95) 0
Triglycerides (mg/dL) 85.67 (44.87) 0.3 86.45 (41.25) 0
Total cholesterol (mg/dL) 147.34 (24.54) 0.3 156.94 (23.92) 0
HDL (mg/dL) 37.89 (10.04) 0.3 42.58 (10.65) 0
Glucose (mg/dL) 90.52 (8.97) 0.3 86.36 (8.92) 0

DBP, diastolic blood pressure; HDL, high-density lipoprotein; HOME, Home Observation for Measurement of the Environment; IDF, International Diabetes Federation; SBP, systolic blood pressure;
SES, socioeconomic status.
Values are n (%) for categorical variables and mean (SD) for continuous variables. The scale of the psychosocial stress score is 0-7. Percentages calculated for those with nonmissing data on each
variable.
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SE = .05, 95% CI = 0.02-0.22; P = .016). The interaction
between sex and infant psychosocial environment was not
significant for any of the adolescent risk composites,
Ps > .22. After controlling for the significant effect of BMI
z score at age 10 years (b = 0.31, SE = 0.04, 95% CI = 0.22-
0.40; P < .001), the infant psychosocial environment
remained associated with blood pressure risk (b = 0.11,
SE = 0.05, 95% CI = 0.02-0.21; P = .022). After controlling
for BMI z score at age 10 years (b = 0.80, SE = 0.03, 95%
CI = 0.74-0.86; P < .001), the infant psychosocial
environment was no longer associated with anthropometric
risk (b = 0.05, SE = 0.03, 95% CI = -0.02 to 0.11; P = .15),
suggesting at least partial mediation. After controlling for
BMI z score at age 10 years (b = 0.37, SE = 0.05, 95%
CI = 0.27-0.46; P < .001), the infant psychosocial
environment was no longer associated with biomarker risk
(b = 0.08, SE = .05, 95% CI = �0.02 to 0.18; P = .13),
suggesting partial mediation.
88
A poorer psychosocial environment in infancy was associ-
ated with greater likelihood of MetS in adolescence
(aOR = 1.50; 95% CI = 1.06-2.12; P = .024), even after con-
trolling for the adolescent psychosocial environment (Figure
and Table IV). The interaction between sex and infant
psychosocial environment was not significant, P = .88.
After controlling for BMI z score at 10 years of age
(aOR = 3.82, 95% CI = 2.41-6.08; P < .001), the infant
psychosocial environment was no longer associated with
adolescent metabolic syndrome (aOR = 1.18; 95%
CI = 0.80-1.76; P = .41), suggesting at least partial
mediation. Adolescent data by quartiles of infant
psychosocial environment (lowest to highest quartiles of
risk) are presented in the Figure and Table I to
demonstrate effect sizes. Follow-up analyses indicated that
the total psychosocial environment variable predicted
cardiometabolic risk better than the socioeconomic/
parental education and psychosocial risk (depressive
Doom et al



Table III. Linear regressions predicting BMI z score at
ages 5 years, 10 years, and 16-18 years

Variables b 95% CI P-value

5 y BMI z score
Poor infant psychosocial

environment
0.07 �0.03, 0.16 .16

Age 0.01 �0.07, 0.08 .90
Female 0.05 �0.04, 0.13 .26
Birth weight 0.10* 0.02, 0.18 .015
Weight change from 0 to 6 mo 0.28z 0.20, 0.37 <.001
Formula intake (mL/d) 0.01 �0.07, 0.09 .82
Received medicinal iron �0.07 �0.15, 0.02 .12
Randomized to iron

supplementation
�0.04 �0.13, 0.05 .42

Poor 5 y psychosocial environment �0.03 �0.13, 0.06 .51
10 y BMI z score
Poor infant psychosocial environment 0.10* 0.00, 0.19 .050
Age 0.01 �0.07, 0.10 .79
Female �0.03 �0.12, 0.07 .57
Birth weight 0.11† 0.03, 0.20 .009
Weight change from 0 to 6 mo 0.20z 0.11, 0.29 <.001
Formula intake (mL/d) �0.07 �0.16, 0.02 .12
Received medicinal iron �0.04 �0.13, 0.05 .27
Randomized to iron

supplementation
0.01 �0.09, 0.10 .86

Poor 10 y psychosocial environment �0.08 �0.18, 0.02 .10
Adolescent BMI z score (age 16-18 y)
Poor infant psychosocial

environment
0.15† 0.06, 0.24 .002

Age 0.04 �0.04, 0.12 .35
Female 0.12† 0.04, 0.21 .005
Birth weight 0.13z 0.05, 0.22 .001
Weight change from 0 to 6 mo 0.18z 0.09, 0.26 <.001
Formula intake (mL/d) �0.08 �0.16, 0.01 .074
Received medicinal iron �0.02 �0.11, 0.07 .68
Randomized to iron

supplementation
�0.02 �0.11, 0.08 .73

Poor adolescent psychosocial
environment

�0.03 �0.12, 0.07 .57

Adolescent blood pressure risk
composite

Poor infant psychosocial
environment

0.15† 0.05, 0.24 .003

Age 0.10* 0.01, 0.18 .031
Female 0.00 �0.09, 0.09 .98
Birth weight 0.10* 0.01, 0.18 .033
Weight change from 0 to 6 mo 0.04 �0.05, 0.14 .36
Formula intake (mL/d) �0.03 �0.23, 0.06 .53
Received medicinal iron �0.07 �0.16, 0.02 .15
Randomized to iron

supplementation
�0.03 �0.12, 0.07 .60

Parent diabetes 0.09* 0.00, 0.18 .049
Parent hypertension 0.09* 0.00, 0.18 .044
Poor adolescent psychosocial

environment
�0.07 �0.16, 0.03 .19

Adolescent anthropometric risk
composite

Poor infant psychosocial
environment

0.13* 0.03, 0.22 .011

Age 0.09* 0.00, 0.18 .050
Female 0.06 �0.03, 0.15 .20
Birth weight 0.14† 0.05, 0.23 .003
Weight change from 0 to 6 mo 0.15z 0.06, 0.25 .001
Formula intake (mL/d) �0.10* �0.19, �0.01 .037
Received medicinal iron 0.00 �0.09, 0.09 .96
Randomized to iron

supplementation
�0.03 �0.13, 0.06 .49

Parent diabetes 0.04 �0.05, 0.13 .43
Parent hypertension 0.04 �0.05, 0.13 .40
Poor adolescent psychosocial

environment
0.00 �0.10, 0.10 .99

(continued )

Table III. Continued

Variables b 95% CI P-value

Adolescent biomarker composite
Poor infant psychosocial

environment
0.12* 0.02, 0.22 .016

Age 0.16z 0.07, 0.24 <.001
Female �0.01 �0.10, 0.09 .87
Birth weight 0.00 �0.09, 0.09 .93
Weight change from 0 to 6 mo 0.05 �0.04, 0.15 .27
Formula intake (mL/d) �0.02 �0.11, 0.07 .70
Received medicinal iron �0.03 �0.12, 0.07 .58
Randomized to iron

supplementation
0.01 �0.09, 0.11 .83

Parent diabetes 0.07 �0.02, 0.16 .14
Parent hypertension 0.05 �0.04, 0.14 .25
Poor adolescent psychosocial

environment
�0.11* �0.21, 0.00 .041

*P £ .05.
†P £ .01.
zP £ .001.
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Infant Psychosocial Environment Predicts Adolescent Cardiomet
symptoms, life stress, home support for child development,
father absence) variables separately for all outcomes except
anthropometric and blood pressure risk. The psychosocial
risk variable (excluding socioeconomic/education)
predicted blood pressure risk (b = 0.11, SE = 0.04, 95%
CI = 0.02-0.20; P = .013), anthropometric risk (b = 0.13,
SE = 0.05, 95% CI = 0.04-0.22; P = .003), and biomarker
risk (b = 0.12, SE = 0.05, 95% CI = 0.03-0.21; P = .012) as
well as the total infant environment variable.

Discussion

The scientific statement from the American Heart Associa-
tion on the associations between childhood/adolescent stress
and cardiometabolic health4 calls for more prospective
studies of the types of stressors and environments associated
with cardiometabolic risk, and studies that investigate pre-
vention and intervention targets. The current study informs
the prospective literature and adds information about the
type and timing of environmental risk that could confer
Table IV. Logistic regression predicting MetS at 16-
18 years of age

Variables b SE P value aOR 95% CI

Poor infant psychosocial
environment

0.40* 0.18 .024 1.50 1.06, 2.12

Age 0.23 0.16 .15 1.26 0.92, 1.71
Female 0.12 0.17 .49 1.13 0.80, 1.59
Birth weight 0.18 0.16 .28 1.19 0.87, 1.64
Weight change from 0 to 6 mo 0.34* 0.17 .045 1.41 1.01, 1.97
Formula intake (mL/d) 0.04 0.17 .82 1.04 0.74, 1.46
Received medicinal iron �0.20 0.18 .25 0.82 0.57, 1.16
Randomized to iron

supplementation
�0.20 0.18 .28 0.82 0.57, 1.17

Parent diabetes �0.09 0.17 .61 0.92 0.66, 1.27
Parent hypertension 0.29 0.16 .077 1.33 0.97, 1.84
Poor adolescent psychosocial

environment
0.00 0.19 .98 1.00 0.69, 1.45

*P < .05.

abolic Risk: A Prospective Study 89
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greater cardiometabolic risk. We found that a poorer psycho-
social environment, prospectively measured in infancy, was
associated with increased odds of MetS, and greater blood
pressure, anthropometric, and biomarker risk in adolescence.
These associations were found within biologically low-risk
infants (normal birth weight, no perinatal complications)
and remained significant after controlling for the current
environment.

In contrast to some studies,7,21 the current analyses suggest
that variations in the infant psychosocial environment were
associated with increased BMI z score at age 10 years, but
not as early as age 5 years, controlling for the concurrent
environment. These differences may be due to our broader
measurement of the infant psychosocial environment rather
than severe stressors such as maltreatment, which could cap-
ture more chronic negative experiences in infancy. Prior re-
ports of these associations have frequently focused on
children exposed to more extreme forms of stress and poor
environments such as abuse, neglect, and adverse childhood
experiences (ACEs).1,2,7,21 Our findings suggest that a poorer
psychosocial environment in infancy has a dose-response as-
sociation with adolescent cardiometabolic risk rather than a
threshold effect (Figure) and that these associations can be
seen even if the environmental exposures are less severe
than some of the stressors included in the ACEs.

The association between infant psychosocial environment
and BMI z score was stronger in adolescence than at age
10 years, which is consistent with other studies,10,22,23

demonstrating that cardiometabolic risk following psychoso-
cial stress may be more clearly detected in adolescence rather
than childhood, as markers of cardiometabolic risk emerge.
Many of these studies include the psychosocial environment
measured more broadly than solely maltreatment,10,23 which
may also contribute to this consistency. These findings are
also in agreement with a large study showing associations be-
tween ACEs and both BMI and waist circumference in 11- to
14-year-olds but did not find an association between ACEs
and blood pressure at this age.24 We hypothesize that the
timing of the blood pressure measurement may be a reason
for this difference, as the current study examined blood pres-
sure in 16- to 18-year-olds. It is likely that differences in BMI
z score may precede alterations in blood pressure, which may
be better detected in adolescence. However, blood pressure
was not measured at ages 5 or 10 years in our sample, and
we cannot directly test this hypothesis. Our analyses suggest
that after controlling for age 10-year BMI z score, the infant
psychosocial environment was no longer associated with
adolescent metabolic syndrome, anthropometric risk, or
biomarker risk, which could indicate that age 10-year BMI
z score at least partially mediates these associations. However,
the association between infant psychosocial environment and
adolescent blood pressure risk remained significant even after
controlling for age 10-year BMI z score—though the b was
reduced from 0.15 to 0.11—suggesting that at least part of
the association between infant psychosocial environment
90
and adolescent blood pressure risk was independent of age
10-year BMI z score.
The infant, but not adolescent, psychosocial environment

was related to MetS classification and all three of the cardio-
metabolic risk composites, suggesting that the psychosocial
environment in infancy may be more closely related to cardi-
ometabolic health in adolescence than the adolescent envi-
ronment. In addition, a poorer adolescent environment
was associated with lower biomarker risk, suggesting timing
of environmental risk may play a role in cardiometabolic risk
profiles. These findings support the developmental origins of
disease hypothesis, which predicts programing effects of the
early environment on later health.25 Potential mechanisms
include, but are not limited to, alterations in DNA methyl-
ation,26 deleterious changes in the hypothalamic-pituitary-
adrenal axis and immune system,27,28 continued stress,29

living in an obesogenic environment or being exposed to
obesogenic agents (eg, pollution and secondhand smoke),30

altered food intake,31 less sensitive and responsive
parenting,32 and poorer parental health behaviors.
The historical context of the current findings is important

to consider. Chile experienced a major increase in obesity
concurrent with a rapid economic transition in which the
food and physical activity environment changed dramati-
cally.33 In Chile, the obesity rate for 6-year-olds increased
from 8.9% to 17.0% between 1990 and 2000 for boys and
from 10.1% to 18.6% for girls.34 Thus, our sample grew up
during a rapid economic and nutritional transition which
created risk, especially for those experiencing psychosocial
risk, leading to excess weight gain in childhood and adoles-
cence and associated cardiometabolic risk.35,36

There were limitations that must be considered. The study
recruited from low- to middle-income communities in San-
tiago, Chile, which may constrain generalizability. Missing
data for some participants also limits generalizability. The
psychosocial environment composite included mostly objec-
tive measures of the environment, including socioeconomic
status, father absence, and occurrence of stressors. There
may be stronger or weaker associations of cardiometabolic
risk with subjective measures of the environment by the
mother or adolescent, such as perceived level of stress or per-
ceptions of income inequality, as objective and subjectively
measured stress and the environment can have different asso-
ciations with outcomes.37 However, the strengths of the lon-
gitudinal study include prospective measurements of the
environment and health, and objective measures of cardio-
metabolic risk.
Our findings suggest that resources given to reduce psy-

chosocial risk in families with infants could promote long-
term cardiometabolic health. It is unknown whether these
associations may be reversible later in life, but the current re-
sults suggest that the infant environment is more strongly
associated with adolescent cardiometabolic risk than the
adolescent environment. More research is needed to under-
stand the potential biological, behavioral, and environmental
Doom et al
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mechanisms that could transmit risk to infants, including
research investigating how early cardiometabolic risk
following infant psychosocial risk emerges and examining
whether these associations strengthen over time. n
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Table I. Individual adolescent cardiometabolic risk variables by quartiles of infant psychosocial environment risk

Variables

Infant psychosocial stress score

Lowest risk (score = 0)
n = 121

Second lowest risk
(0 < score £ 1.17)

n = 189

Second highest risk
(1.18 £ score £ 2.34)

n = 173
Highest risk (score ‡ 2.35)

n = 105

M 95% CI M 95% CI M 95% CI M 95% CI

SBP (mm Hg) 109.4 107.4-111.3 111.0 109.4-112.5 112.1* 110.5-113.7 113.3* 111.1-115.5
DBP (mm Hg) 67.9 66.6-69.2 68.9 67.9-69.9 68.6 67.5-69.6 70.4* 68.9-71.9
BMI z score 0.45 0.23-0.68 0.64 0.46-0.81 0.77* 0.59-0.96 0.77 0.51-1.03
Fat mass index 6.83 6.17-7.49 7.11 6.59-7.63 7.56 7.02-8.11 7.56 6.79-8.32
Percent total fat mass 28.5 26.9-30.1 28.6 27.4-29.9 29.7 28.3-31.0 29.5 27.7-31.4
Waist circumference (cm) 79.0 76.9-81.2 80.9 79.2-82.6 81.7 79.9-83.5 83.1* 80.6-85.6
HOMA-IR 1.48 1.29-1.66 1.71 1.56-1.85 1.81* 1.66-1.96 1.89* 1.68-2.10
Total cholesterol (mg/dL) 150.1 145.2-154.9 153.4 149.6-157.2 152.6 148.6-156.6 154.3 148.7-160.0
Triglycerides (mg/dL) 79.5 71.1-88.0 83.8 77.1-90.5 91.1* 84.2-98.1 88.4 78.6-98.2
Fasting glucose (mg/dL) 89.6 87.9-91.4 88.2 86.8-89.6 88.3 86.9-89.8 87.3 85.2-89.3
HDL (mg/dL) 41.3 39.3-43.3 39.8 38.2-41.4 39.7 38.0-41.3 39.2 36.9-41.5

DBP, diastolic blood pressure; HDL, high-density lipoprotein; SBP, systolic blood pressure.
Mean and 95% CIs are presented for adolescents grouped by infant psychosocial environment scores (range: 0-7) controlling for all covariates including sex.
*Significantly different than lowest risk group, P < .05.

THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 209

91.e1 Doom et al


	Infant Psychosocial Environment Predicts Adolescent Cardiometabolic Risk: A Prospective Study
	Methods
	Results
	Discussion
	References


